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Bromley.  Prudential  Insurance  plant  ^2, 
25.  Steam-heating  system  troubles 
•532,     •864,     McCalls     Ferry     plant 

•656,  Unique  temporary  flue *890 

Brown,  E.  Producer  gas  in  heating  fur- 
naces 376,  Gas  engine  developments 
529,  Dust  determinations,  blast-fur- 
nace gas •670 

Brown.  J.  J.  Large  high-vacuum  con- 
denser test ^278,   756 

Brownell  engine.    Redesigned ^217 

Brush  sparking.      Butler •SIS 

Brushes  boiled  in  mineral  oil.     Rose....    451 

Brushes,  Care  of.     Russell 820 

Buckeyemobile.     Low '696 

Buckling     boiler     tubes.       Summers     61, 

Davis  427.  Terman 61 4 

Buffalo  Nat.  Gas  building  plant 413 

Building  constructors'   licenses.  N.  Y .  .  .  .    384 
Building.  Woolworth,  plant.     Wilson ....  ^884 
Buildings.  Large  commercial.  Condensing 
plants   for.     Evans  88.   227.   Ed.  91, 

Durand    227 

Bull's  Bridge  plant.     Rogers •176 

Bundy   tilting   hot-water  pump ^595 

Bunsen  burner.  Homemade '759 

Bureau  of  Mines 102.  274.  356,  435, 

478,   545.   665,  711,   827.   ^876.   ^912 
Bureau    of    Standards,    horsepower,    etc. 

65,  109.  125.  163.  164,  388,  684 

Burette,  Cleaning  smoky.    .1.  W.  D 910 

Burnham.  George.  Death  of 34 

Busey.  Pitot  tube  in  air  measurements 
•156.  160.  ^302,  Operating  cost  of 
indirect  heating  systems  •SSO.  Pres- 
sure losses  in  piping  system *456 

Business    end    of    power    plant 655 

Butler.      Sparking 'SIS 

Bypass  valve.    J.  P 685 


Cable,   Largest  hoisting 331,  3o6 

Cables.    Elevator.    Device    prevents    sway 

of.     Kavanagh *734 

Cairns.     The  geared  turbine 598 

Calcium  chloride  brine.     Smith '56 

Calculating  scales.     Rasconie ^308 

Calculator,  Novelty  residence  heating...  .•3i9 
Calculator.  Power-plant  log.     Polakov. .  .•596 

Calif,  engineers'  state  regulation 394 

Calking  butt  strap.     R.  W.  B 543 

Calorimeter,   Coal *83-; 

Calorimeter,  Collecting  condensate  from.^442 
Canadian  Car  &  Fdy.  Co.'s  producer  gas 

plant  '•1- 

Canadlan  Inspection,  boiler  construction.   560 

Carbon  determination.  Chart ^45 

Carbon  dioxide.     See  also  "Gas." 

Carbon  dioxide,  CO  and  IT2O 201 

Carbon   dioxide   diagrams   from   practice. 

Bement    •409 

Carbon     dioxide     percentages.     Available. 
Pohlmann   538.   Fisher  044,  Billings, 

Southern  721.  Ed 788 

Carbon  dioxide.  Refrigeration  with 572 

Carbon  dioxide  refrigerating  cvcle •'J6.t 

Carbon  dioxide  refrigerating  plant •49i 

Carbon     dioxide.     Results    In— Variation 

with  fuel  beds.      Spangenbcrg '61 

Carbon  dioxide  specific  heat 047 

Carhon  monoxide.  Deadly.     Callaway  385, 

720.    Morrison 720 

Carhurelor  ndiustments.     Brennan 418 

Card  index  s.vstem.     Swain .  Mes 

Carhart.     Safety  valve  rating 1 16,  t727 

Carpenter.     Steam  flow  through  pipes...  .'Sni 
Cary.       Simple    metric    conversions    217, 
232,  Horizontal  baffles  In  water-tube 

boilers   '328 

Cassard.     Meter  teat  boards '778 

Catalog   distribution 1I6 

Catsklll  aqueduct  tunnel  motors •151 

Cederhlom.      Broman   oven    furnace:    fur- 
nace   for    horizontal    tubular    boiler 

Cement  injecting  pump:  flange  renalr.  .  .•577 

Cement.  Refractory.  .JohnsManvlIle 333 

Central  power  plant.  Montgomery ^438 

Central  station  charging  systems.  .  .  .474.   831 
Central   station   hot  water   beating,  Rates 

and  regulations  for.  Ohio 862 

Central  station.  Perth  Amboy.     Rogers..    •SB 
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Central  station  vs.  isolated  plant.    Lewis 
33.     720.     Hawkins     464.     Eastman, 

Hickman.  Marks 541 

— The  central   station 160 

— Expense  division,  iso.  plant.  White.  .  161 
— Iso.  plant  organization,  Boston .  .  .  169.  203 
— St.  Louis  Engineers'  Incitation  Club..  248 
— How   one  mill    beats  central   station — 

Lowell  Weaving  Co 447 

— Object  lesson,  Clereland  flood 612 

— Mason-Seaman  Trans,  plant *627 

— Textile  mill  power.     Dean 651 

— Engineers  and  cent.  sta.     Peckham  ....    677 

— Discrimination  by  central  station 715 

— What  the  tenants  pay 750 

— Government  plants 865,   877 

— Breakdown  service  rates 866 

Central  stations.  Refrigeration  a  desirable 

load  for.     X.  E.  L.  A.  report 900 

Central  stations.  Turbines  and  Diesel  en- 
gines in.     Gercke  ♦286,  Ed 305 

Centrifugal.  See       '-Pump,"        ■Fan." 

"Blower."  "Turbine,"  etc. 

Chains,  Safe  loads  on '563 

Chair,  The  engineer's 865 

Chalklev.     Diesel  Engines t398 

Charging  system.  Booth  474.  Miles....  831 
Chart,  Area  and  volume,  Thorkclson's.  .  .  *20 
Chart,    Boiler-efHciency.      Parker...  .'SI 2,  828 

Chart,  Pump  data.    Daniels ♦488 

Chart,   Safety-valve.     Blanchard ♦235 

Charts,  Heat  balance *42 

Charts.     Hot-water    direct-heating.       Gil- 
bert     •T12 

Charts — Steam  flow  through  pipes ♦Sib 

Chattanooga  &  Tennessee  plant 399 

Check  nut.   "Keyed."      Scnbner 829 

Check  valve.     See  "Valve." 
Chemical      laboratory      practice.      Power 
plant — Am.   Elec.  Ry.  Eng.  Asso.  re- 
port   * 168 

Chicago — Commonwealth  station ....  424, 

♦588,   853 

Chicago  Federal  plant 865,  877 

Chimney.     See  also  "Stack."  "Smoke." 
Chimnev.     Reinforced-concrete,     Repairs. 

Smith    764 

Cliimnev's  least  diameter.  Finding 63 

Christie.     Water  :  Purification,  etc t3!>8 

Cinder  arrester.  German.     Trautmann.  .  .'774 

Cinder  arresters  in  city  plants 903 

Circle.  Measurement  of  the ♦SIS.   ^468 

Circuit-breaker,   Hot  studs  on 581 

Circuit-breaker,   Oil,  alarm.     Campbell..  .  ^152 
Circulating   systems.      Gas-engine  Jacket- 
water.     Wilson  ^299.  Dwight '571 

Circulation     through    shunted     hot-water 

radiators.    Brewster  ♦loS.  Durand..^458 

Circumstances  alter  cases ♦883 

Clamp  for  leaky  pipes.     Oster ^197 

Clark's  gear  engine  *547.  Reducing  gear 

♦.iflS.   Centrifugal  governor ^652 

Clayton's     diagram     analysis     discussed. 

Taylor    28 

Cleaning  blast-furnace  gas ♦821,  861 

Cleanliness  in  plants.  Encouraging 320 

Clearance  measurement  by  water 763 

Clearance,  Piston,  Measuring.     R.  J.  B.  .    910 

Clearance.   Piston.   Reducing.      M.  J 97 

Clearances.  Cylinder,  in  Navy ♦107,   ♦lOS 

Cleveland  district  steam  heating '783 

Cleveland  Elec.  Illuminating  plants  *364, 

♦415.  ♦.^)16.  612,  •768 

Cleveland  Rv.  to  purchase  power 771 

Cloth  pinion  lubrication.     H.  C.  V 616 

CO2.     See  "Carbon  dioxide."   "Gas." 

Coal.     Somermeier 167 

Coal.  After — What? 268 

Coal   analysis.   Accuracy  and   limitations 
of — Bureau    of   Mines   practice,    etc. 

Fieldner 357 

Coal  analysis  methods 168 

Coal  analysis  and  heat  value 827 

Coal  analysis — Study  course ^724, 

♦758,  796,    ^835 
Coal  and  ash  handling.  Lake  Shore  plant. 

Williams   ♦768 

Coal.     Anthracite,     sizes — A.     S.     M.     E. 

recommendations    ^294 

Coal.  Bituminous,  sizes 68 

Coal    calorimeter  and  diagram — Estimat- 
ing heat  value  of  fuel ♦835 

Coal  consumption.     O.  W.  G 647 

Coal   consumption   of  boiler 201 

Coal  cost.  "Olympic's" 509 

Coal  engine.   Low ^86 

Coal  hopper.  Motor-driven.  Bergen  Point. ^740 

Coal  in  South  Africa 564 

Coal  mining,  gi-eat  depths 875 

Coal  monorail  s.vstem.  F.  T ^293 

Coal.  Oil  vs.  Stromeyer 396 

Coal  production.  Alabama 816 

Coal.  Proximate  analysis  of 201 

Coal  purchases.  Govt.,  under  specifications  102 
Coal  required  for  heating.      I)urand.o34,  863 

Coal.    Sampling 201 

Coal   testing  under  difDculties — Compari- 
son by  analysis.     Hanson 473 

Coal  storage.  Packard  plant ^144 

Coal  utilization.   Rational.     Junge ^445 

Coal.  Volume  of  ton  of 581 

Coal  wasted  through  ashpit  doors.      Fen- 

nell    830 

Cochrane  multiport  exhaust-outlet  valve.  764 
Coke-oven      gas      engines      performance. 

People's,  Chicago ^633 

Coke-oven  by-products.     Junge •445 
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Coke       recovery       from       ashes — Muller 

process    39^ 

Cold  storage.     See  "Refrigeration." 

Colliery  boiler  plants 865 

Collins.     Wages,  Amazon  River ♦521 

Columbus   flood — Quick   restoration 669 

Combustion,  Flameless,  Bone's.     Bement.     27 
Combustion    principles    (see    also    "Engi- 
neers' study  course") ..  .^582.   ^617. 

648,  686,   ^724 

Commercial  engineer.  The 126 

Commercial  Engineering.  Liversedge. .  .  .1513 
Commercial  organizations.  Directory  of.  .  550 
Commission    control    of    public    utilities. 

Gaskill    864 

Commonwealth    Edison's    new    station — 
Curtis      turbines,      etc.    ♦588,      853, 

Bearing  friction  hp 424 

Commutator  heating  and  sparking 526 

Commutator  trouble.     Delbert 451 

Commutators,  Care  and  operation.     Page 

♦706.   Nye 858 

Commutators — Sparking.     Butler ^818 

Compression  system.   The ^342,   ^747 

Compression    vs.    cylinder    condensation. 

Osborne    196 

Compressor.   Air.     See  "Air." 
Compressor.    Condenser,    Ammonia.      See 
"Refrigeration." 

Compressor,  Gas,  trouble.     J.  W.  W 543 

Concrete  floor.  Steam  pipes  in 856 

Concrete.  Reinforced,  chimney  repairs...  764 
Condensation.    Cylinder,    Avoiding.      Bol- 

linckx  ♦705.  Oliver 872 

Condensation,   Cylinder,   Compression   vs. 

Osborne    196 

Condensation.  New  theory.  Morison  ♦78,  ^332 
Condensation.    Surface   125,    (Analogy    to 

initial)    Munro 128 

(^ondenser.   .Ammonia.      See   also    "Refrig- 

eation." 
Condenser.   Lubricator,   repairs.     Copping 

♦28.    Row 164 

Condenser   and   back   pressures  In   refrig- 
eration        826 


CONDENSER,   STEAM 

— Absolute  condenser  pressure.     S.  B. . . .   543 

—Bleeder,  What  is  a? 391,  646 

— Caring   for    condenser   apparatus ;    Or- 

rok's  account  of  tests,  etc 267 

— Condensing  apparatus  lecture.  Brom- 
ley        433 

— Condensing  heating  plants  for  large 
commercial     buildings.       Evans     88, 

227.  Ed.  91,  Durand 227 

— Condensing  or  non-condensing 647 

— Condensing     plant.     Large      English — 

Leeds   705 

— Cooling     pond.      Spray,      Sharp      mill. 

Rogers    ^326 

— Cooling  tower,  Whceler-Balcke ^412 

— Exhaust    pipe    and    vacuum    questions 

for  discussion.     Blake ^539 

— Explosions.   Receiver  and  condenser.  .  .    383 

— Illinois   Steel    Co.'s   large  high-vacuum 

Wheeler    C.    &    E.     condenser    test. 

Brown    ^278.    De    Laval    756,    Con- 

densing-water  auxiliary  pump.  Farns- 

worth   ♦690 

— Jacksonville     plant     condensing    appa- 
ratus, intake  water  conduits.  etc...^624 
— Lake  Shore  plant,  Cleveland  Elec.   111. 
Co..     Condensing     equipment.       Wil- 
liams    ^516 

— Leaking  condenser.  Detecting 581 

— Marine   condenser   development.      Weir 

♦76,  ^332 
Independent   air   pump.      Weir    ♦134. 

Richards    *504 

Feed-water     heating     and     pumping. 

Weir  ^146.  Wight 390 

The  new  condensation  theory.     Mor- 
ison        ^78 

— Modern  condensing  systems — Surface 
and  jet :  reciprocating  and  rotary 
pumps :  Westinghouse-Leblanc  de- 
signs.     Scanes   ♦oil 

— Problem.    Booth's    condenser.      Bayard 

310.   Dixon.   Githens 427 

— Repairs.  Condenser — Stud  ;  piping  hand 
oil  pump :  holding  pipe  joint  to- 
gether.     Ramse.v ♦641 

— Siphon  condenser.   Improvement  to  old 

style.     Tifft ^129 

— Steam  consumption  determination 
when   exhausing  into  jet  condenser. 

Smith   ^441 

— Surface  condensation  125.    (Analogy  to 

initial  condensation)    Munro 128 

— Surface     condenser     design.        Booth, 

Treeby    1 30 

— Thermomef^r  and  mercury-column 
readings  on  high-vacuum  condensers. 

Carpenter    681 

— Troublesome  condensing  system.    Lane  ♦.'1O4 

— Tube  pitting  by  stresses 676 

—Tubes,   Life  of.     A.   S.   L 834 

— Turbo-condenser    problem.       Allen     27, 

Hurst    ♦eio 

— Vacuum.  High,  apparatus.  Care.    Treeby  64.5 

— 'Vacuum,  What  ? — Morison's  views 346 

— Vacuum.  Why  not  higher?     Shew 867 

— Water,  Condensing.  Waste  in  excess...    131 

— Water  cooling  plant.  Crescent 163 

— Water  required  for  condensation 165 


I'AGB 

Conductors.    Alternating-current;    hollow 

ones.      I'arliman    ♦660,    McKelway.  .   820 

Cones.  Measuring  ♦354.  Gravatt 870 

Congress  of  Refrigeration 138,  498 

Connecting-rod    angularity    and    compres- 
sion.    K.  S.  V 506 

Connellsville  electrical  plant 333 

Consulting  and  operating  engineers.  639,  •729 
Control,  Remote,  through  mains.     Allen. '414 
Controller  wires.  Short  circuiting.    Camp- 
bell        ^84 

Converter.  Rotary.  Racing.  Springfield.  . '631 
Converter.    Rotary,    without    shunt    field. 

Hill  261,  Thurston,  Lewis 416 

Converter,  Turbo.      Creedy *15 

(^onveyor  belts.  Elec.  control.    Shearer .  .  •857 

Cooling  basin.  Weber  Wagon  plant '733 

Cooling  pond.  Crescent  plant.      Wilson..    163 

(Pooling  pond.  Sharp  mill.     Rogers •326 

Cooling     tower     for     small     refrigerating 

plant.      Mossman ^746 

Cooling  tower.  Wheeler-Balcke ^412 

(ioon  Creek  Rapids  development 372 

(iooper  engine.  Packard  plant •141 

(Cooperation  in  power-plant  work 640 

Cooperative   schools 193 

Copley  Sq.  Hotel  plant.     Barney '212 

Copper  in  2-  and  3-phase  systems,   Rela- 
tive amount.     H.  K 30 

Coppus  turbo  blower '203 

Corliss.     See  "Engine.    Steam,"   "Valve," 

"Latch  blocks."  etc. 
Corroded    boiler    tubes,       Latour     •308, 

Whltaker   •867 

Corrosion,  Acid  in  oil  may  cause.    Green.  198 
Corrosion,      Boiler — Electrolytic     preven- 
tion.    Gee 705 

Corrosion,    Boiler — Painting  shells 29 

Corrosion  in  refrig.  systems.  Smith.  .  .  .  ^54 
Corrosion.  Pipe.  Ashes  promote.  Waldron  94 
Corrugated  piping.  Elastic.  Maciejewski's  ♦815 
Cost   investigation.    Municipal   power.  .  .  .    535 

Cost  keeping.  Value  of 827 

Cost,  Oil  fuel.     Trautscbold •SI  7 

Cost  of  plants.  Estimating.     Gaj; 777 

Cost    of    power,    small    gas    engine    unit. 

Moore   '52 

Cost.   Operating,  of  indirect   heating  sys- 
tems.     Busey  and  Carrier.  ...  ♦SSO.   •456 
Costs.    Operating,     of    small    gas    engine 

plant.   Minster.   O.    I'tz ^224,   232 

Costs.  Operatiniz-  Tiirliiup  and  Diesel  en- 
gine,  central   «tntions ♦288,  305 

Cotton  M':       \--"     Nail 650 

Coupliii'.;     II-       I    liiis-Manville 630 

CowariL     ^1 n.il.ine  tests •736 

(^rane    lulMitalia     will    not    work.      Rush 

♦234,  005 

Crane  slings  and  hitches *B61 

Crankpin.  Putting,  in  large  engines.    Max- 
well  ♦233,  Lucas •625 

Crankpin.     Running    engine    with    badly 

bent.     Howden ^426 

Crankpins.  Fitting,  in  backwoods  :  crank- 
pin level.     Stickney ♦780 

Crankshaft,   Broken.      Stretton *o6 

Crawford.     Ice  and  salt  mixtures ♦S^o 

(greedy,   F.     'Tlie  turbo-converter ^15 

Crescent  plant  cooling  pond.     Wilsiin...    163 

Oosshead  alignment.     N.  F.  K 237 

Crosshead.     Piston     rod    pulled    out    of. 

Adams    ♦501 

Cube  root.  Extractiug  31.  Stafford 908 

Current-o-scope    240.  493 

Curtis   mixed-pressure   turbine ^241 

Curtis   turbines.   Commonwealth    Fdison's 

424,    ♦58S.  853 

riir\-i-<.   T'fuver-plant-      Hawkins ^717 

I'uiA"^,  li.  I  iprorating  pump.    Daniels ,,..  •488 

(lit. .IT.    Kaili.r.     V.    K.   S 506 

Cututl       equalizing       without        dashpot 

troubles.      Livingston ^273 

Cutoff  gear.    Deranged.      Sherman ^425 

Cutoff.  Too  short.     J.  N,  A 543 

Cycles.  Changing  from  60  to  25 ^742 

Cylinder  clearance  measurement 763 

Cylinder  clearances  in  Navy ^107.  •lOS 

Cylinder  compression,  Meaning  of 97 

Cylinder  condensation.   Avoiding — Pocket 

to  entrap  it.     Bollinckx  ♦705.  Oliver  872 
Cylinder    condensation.    Compression    vs. 

Osborne    196 

Cylinder  counterbore.     W.  E.  S 391 

Cylinder,  Gas  engine,  lubrication.     Bren- 

nan  119,  rfrewster  341.  Durman....   531 
([^linder    head.     Gas-engine,     blows     out, 

Pierce  Shoe  Co.'s 362 

Cvlinder    head.    Pump,    removing    device. 

Oliver   ♦309,   Schafer ♦428 

Cylinder  heads  of  horizontal  single-acting 

oil  motors.     Miiller ♦85f1 

Cylinder,  Iron,  collapsing  strength 165 

Cylinder  lubricant.     M.  B 616 

Cvlinder     lubrication.       Lawrence     ♦SSS. 

Ed 82S 

Cylinder     oil     evaporative     test.     Simple. 

Fairbanks  ♦26.  Robinson 390 

Cylinder   trouble — Water.     P.   D 97 

Cylinders.  Steam  jacketing.  Hanszel . . .  •.368 
Cylindrical   measurements ♦468 
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Dalton's  law.     Grossbaum  163.  Fenno.  .  .    389 

Dam.  Large,  in  Germany 295 

Damper  control.  Forced  draft ^425 

Damper,  McLean's  balanced-draft ^182 

Daniels,     Reciprocating  pump  curves ....  •488 
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Hasbpot,  Corliss.     J.  P T23 

Uashpot  troubles,  Cutoff  equalizing  with-  ^  _ 

out.    Livingston   *-i2 

Uaughert.v.     Water  rheostats '.SoT 

Davies.     "Drying  out  elec.  machy li-l 

Dayton,   Flood  at 49U,  512,^535 

Davis.      Foundations,  etc |476 

Dean.     Tower,  textile  mills 6o0 

Deerfleld  River  development.     Rogers.  .  .♦250 
Dehydrator  drain.   Watch.     Robertson...    498 

De  Laval.  C.  G.  P.,  Death  of *324 

De  Laval  pump  for  Pittsburgh 180 

Defense,   His   sure *T67 

Deposit  on  positive  wire jOe 

Depreciation,  Practical  studies  of 500 

Dery.  Dwelshauvers — Cylinder  condensa- 
tion    experiments     196,     His    death 

576,   •584 

Details,    Mastering 788 

Detroit  Chief  Engineers'  Club ^99 

Detroit  "300"    grease   lubricator 777 

Diagram.  Indicator.     See  "Indicator." 

Diaphragm   troubles,  steam   beating *533 

Diehl,  P.  H.,  Death  of 584 

Diehl  electric  draft  regulation *247 

Diesel  and  Junkers  engines.  .*120,  •417,   *671 

Diesel  engine,  Busch-Sulzer,  test 694 

Diesel  engine  classiflcation.     Ostergren.  . 'IBS 
Diesel     engine    driving    Tyrolese    rolling 

mill.      Gradenwitz *85 

Diesel  engine  observation.     Wentworth.  .•338 
Diesel     engine    operating    results,     Ham- 
burg-Am.  line 154 

Diesel  engine  using  tar  oil toSt 

Diesel  Engines.     CTiaikley |398 

Diesel    engines    and    turbines   in    central 

stations.      Gercke •286,  305 

Diesel    engines,    English    country    house. 

Allen    'SI 

Diesel  engines.  First  American-built 
marine — for  submarines.  New  Lon- 
don     ^780 

I>iesel  engines.   Largest  in  U.   S 377 

Diesel     engines.      Operator's     experience 

with.      Pierce 496 

Diesel  engines.   Research   work   on   large, 

by  Blohm  &  Voss *19 

Directory,  commercial  organizations 550 

Discoveries,    World   beating.      Booth    200, 

Sandstrom    390 

Discrimination  by  electric  company 715 

Discussion     of    engineering    subjects    92, 

.Johns    94 

District  heating  bv  steam  and  hot  water. 

Lent  ....    606 

District    steam    heating    with    high-pres. 

steam.  Cleveland.     Ballard '783 

Donath.      Berechnung   Rotierender    Schei- 

ben    t551 

Doors.    Furnace,    Vertical-lift.    Hudson    & 

Manhattan's   McClave-Brooks •814 

Down-draft  system  troubles.     Cooper....    718 

Draft,  Balanced,  system,  McLean •ISl 

Draft,  Down,  troubles.     Cooper 718 

Draft  fan  control.  Automatic.     Remlieu.*868 
Draft.  Forced,  damper  control.     Davis..    '425 

Draft  gage.   Evaporation  in 201 

Draft  increase  with  fan.      Dart 829 

Draft,  Induced,  system.  Prat •371 

Draft  regulation.  Diehl  electric ^247 

Draft  tests  with   Blonck  meter •ISS 

Draft  velocity.   Furnace.      J.   B 312 

Drain  from  dehydrator.  Watch.  Robert- 
son        498 

Drainage-pumping  plant,  Lazwell •846 

Drawing,    Engineering.      Adler t321 

]>rlves.    Textile-mill.      Dean 651 

Dronsfleld  pressure  controlling  valve.  .  .  .    •BO 
Dry  batteries.  Recharging.  McGerry  ^222, 

King  493,  Pollard 708 

Dry  cells.  Care  of.     Beattie 226 

Dry  cells.  Ignition  from.     Brennan 17 

Drying  out  elec.  machy.     Davies 221 

Drying  out  magnetos.     Brown 264 

Drying  ftven — Coal  analysis 760- 

Duddell  remote-control  system ^414 

Dundee  Falls  development 667 

Dundee's  new  engineering  laboratories...    105 
Dvirand.     Friction  loss,  wrought  pipe  27. 
Pipe  sizes  for  forced  hot  water  heat- 
ing 455,  608,  714,  Coal   required  for 

heating    534,  863 

Durtnall's  Paragon  engine *225 

Dust    determinations.    Blast-furnace   gas. 

Brown   ^670 

Dust  filter.  Compressed  air.     Harris •347 

Dutch-oven    furnace 391 

Dwelshauvers-Dery'a      experiments      196, 

Death     576,   •584 

Dynamo.      See    also    "Electricity,"    "Po- 
larity," etc. 
Dynamo  and  motor  troubles.     Mos8man.^526 

Dynamo,  Selecting      A.  O.  K 543 

Dynamometer,    Fan — Turbine   test •736 

Dynamometer,  I.oetscher-Ryan ^256 

Dynamometer,      Recording     transmission. 

Huyptt     ^462 

Dvson.    Naval  engineering  progress,  .'lo. 

•106.   •145 
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Eccentric  diameter.  Effect  of  decreasing.  581 

Eccentric  position  with  reserving  rocker.  ."lOe 

Eccentricity  of  eccentric 581 

Krnnomlcs,    Plant.    Problem.      Chadwick 

270,   Goad 831 
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Economizer      explosion,      Glenlyon      Die 

Wks.,   Saylesville *130,   346,  399 

Economizers  explode.  Why  do?  159,  (Safe- 
guarding them)  Handley.  Alex- 
andre, Miller 793 

Economizers,   l\iel,   EflBciency  and   repair 

costs  of.     BrinckerhoEE 540 

Economy  in  boiler  room 675 

Edison  storage  battery.     A.  B.  D 506 

Efficiency  in  power  plant 384 

Efficiency  Society.  Annual  meeting 34 


ELECTRICITY. 

See  also  "Water  power,"  "Central 
station,"  etc. 

— Accident,  Lessons  of.     Knowlton 49 

— Air  gap.  Unequal.     Anderson 00 

— Alternating  Current  Machinery.     Esty.t398 

— Alternator  testing.      Barton •oOS 

— Alternator  voltages.  Unequal  506,  Poole  632 
— Appalachian     hydro-elec.     development. 

Rogers    ^402 

— Baths,  Elec,   Edison  employees' 248 

— Battery,  Edison  storage.  A.  B.  D.  .  .  .  506 
— Battery,  The  storage.  Randolph. .  •48,  •Bl 
— Brushes  boiled  in  mineral  oil.     Rose..    451 

— Brushes,  Care  of.     Russell 820 

— Central  station  power  total 701 

— Charging  system.     Booth  474.   Miles..    831 

— Circuit-brea'ker,  Oil,  alarm '152 

— Circuits.  Combination.     B.  R.  M ^795 

— Cleveland     Elec.     Illuminating     plants 

•364,  •415,   •516,   •768 

— Commutator  trouble.     Delbert 451 

— Commutators,    Care    of.      Page    •706, 

Nye 858 

— Conductors,  Alt.-current ;   hollow  ones. 

Parlimcn    •669,   McKelway 820 

— Control,  Remote,  through  street  mains, 

Duddell  method.     Allen ^414 

— Converter,  Rotary,  Racing,  Springtield.  ^631 
— Converter.  Rotary,  without  shunt  field. 

Hill  261.  Thurston.  Lewis 416 

— Conveyor  belt  control,  Elec.    Shearer.  .•857 
— Copiier  in  2-  and  3-phase  systems,  Rel- 
ative amount.     H.  K 30 

— Cycles,  Changing  alternator  from  60  to 
"25 — Parallel-star       and       series-star 

windings ^742 

— Dry   batteries,   Recharging. .  .  •222,  493,  708 

— Dry  cells.  Care  of.     Beattie 226 

— Drying  out  elec.  machy.     Davies 221 

— Dynamo  and  motor  troubles — Heating ; 
sparking  at  commutator ;  failure  to 
generate ;  testing  for  insulation  re- 
sistance, faults,  etc.     Mossman ^526 

— Dynamo.  Selecting.     A.  O.  K 543 

— Dynamo,  Smallest,  in  world 257 

— Electrolytic  prevention,  boiler  corro- 
sion.    Gee 705 

— Elevator  questions  and  answers.    Wald- 

ron  668.  Pyatt 832 

— Elevators.  Hydraulic  vs.  electric,  oper- 
ating costs.      Waldron  127,  Bailey..    644 
— Essentials   of    Electricity — Direct   Cur- 
rents.     Timble t361 

— Exciting  current.   Increased,   Effect  of. 

E.  J.  R.  391,  Miles 601 

— Foundation  bolts.  Removing,  by  elec- 
tric arc.      Mortimer '528 

— Gasoline-electric  generating  set '570 

— Generator  and  prime  mover  capacities. 

Rushmore,    Low ^449 

— Generator  foundation.  Adjustable  sup- 
port for.      Linker ^641 

— Generators.       Largest       direct-current 

Cleveland    ^415 

— Ground  detectors.     Mossman ^14 

-  Hvdro-elec.    systems.      N.    E.    L.   A.   re- 

port— Waterwheels,  generators,  ex- 
citers, transformers,  power-limiting 
reactances,  regulators,  synchronous 
condensers,  lightning  arresters,  hand- 
ling   the    load,    etc 894,   918,  919 

— ,Tacksonyllle  Traction  Co.  plant ^554 

— .joints.     Improving     conductivity     of — 

Optimus   plastic   alloy 201 

— Lamp   breakage   by   static  charge  from 

cleaning    370 

Lamp.  Voltage  across.  McKelway....  337 
--Locomotives,  Powerful,  N.  Y.  Cent...  601 
— McCall's   Ferry  plant.      Bromley '656 

-  Magnetos.   Drying  out.     Brown 264 

-Meter,   Elec.  energy,  Loetscher-Kyan. .  . '256 

-Meter  test  boards.     Cassard ^778 

—Montgomery  central  plant.  Rogers. ...  ^438 
— Motor  generator  efflclency.  ('.  Y.  L.  .  .  353 
— Motor,  Induction,  accident.  Noble. ...  ^223 
— Motor,      Induction,      "Current-o-scope" 

240,  493 
— Motor,     Induction,     refused     to    start. 

Field    ^403 

Motor,  Reversing  shunt-wound 201 

-  Motor  trouble,    Peculiar.     Bryant  261, 

Holtzapple    493 

— Motor  windings.  Difference  In 201 

-  Motors   and    motor   applications — Vari- 

ous   types.      Morrison 2.59,    296,  335 

-  Motors  starting  under  load 616 

— Motors,  Synchronous,  driving  air  com- 

presgors,   Catsklll   aqueduct •151 

— Myrlawatt,  The 101,  800,  917 
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ELECTRICITY 

— Natl.  Elec.  Light  Asso. — Steel  stack 
deterioration  893.  Water-power  sys- 
tems 894,  919,  Refrigeration  as  load 
for  central  stations  900,  Meter  re- 
port, grounding  secondaries,  lamp 
report,  progress  in  lamp  making, 
measurements  and  values,  incandes- 
cent lamps  and  lighting  service, 
hydro-electric  session,  water-power 
progress,  water-turbine  report,  cen- 
tral-station power  in  coal  mines, 
switching  apparatus  for  rural  in- 
stallations, electric  service  for  small 
towns,  prime  movers,  electrical  ap- 
paratus, overhead  line  construction, 
switchboard  instruments,  protective 
apparatus,  street  lighting,  flame  arc 
lamps,  copper-clad  wire  for  series 
arc  lighting,  underground  construc- 
tion, distributing  lines,  transmission- 
line  construction,  transformers  for 
power    transmission,     railway     loads 

for   central  stations 917 

— Oil-throwing    generators.      Hill 708 

— Perth   Amboy  central  station *36 

— Polarity,  Reversed.     Gibbeney 50, 

222,   •337 

— Primer  of  electricity.     Poole — Dynamo 

and  motor  characteristics  'llS.  Field 

magnets,     etc.     *185,     Field    magnet 

cores  *373,  Armature  windings  •599.  •741 

— Protection  of  electric-service  employees 

— N.  Y.  rules 880 

— Rectifier  for  charging  3-cell  batteries. .   '16 

— Relays.   Protective.     Stickney ^150 

— Rheostats.  Liquid,  Westinghouse,  for 
large    alternating-current    motors, 

•819,  920 

— Rheostats,  Water.     Daugherty •857 

- — Short  circuiting  controller  wires •84 

— Signal  system.     Davis '152 

— Society  for  Elec.  Development 384,  398 

— Sparking.      Butler '818 

— Static  charges  on  belts,  etc.     .T.  H.  G. 

429,  De  Blois  28,  Chase 820 

— Students,  Elec.  engineering — Statistics.  356 
— Substation     wiring.       Thurston     *297, 

Dawson    ■ ^451 

— Switch,   Disconnecting,    locking  device.  ^83 
— Switchboard       meters,       Westinghouse 

black   dial ^450 

— Switchboard  losses.     Jackson 375 

— Textile  mill  drives.     Dean 651 

— 'Thawing  frozen  pipes.     Wilson 26 

— Three-wire  s.ystem  with  rotary  bal- 
ancer.     Bennett ^490 

— Topeka's  lighting  plant  report 802 

— Torque   signification.      Van    Winkle.  ...  ^319 
— Transformer      frequency.      Decreasing. 

Annett   •631 

— Turbo-alternator   losses.      Lamme 118 

— Turbo-converter.  The.     Creedy •IS 

— Voltage  loss.     P.  S.  723.  McKelway...    896 

— Voltage  on  short  circuit *896 

— Waterbury  and  Bull's  Bridge  plants..  .  ^176 

— Wiring  computer.  Simplex  Co.'s .337 

— Wiring  diagrams.   Studying 787 

— Woolworth  Bidg.   plant ^884 

Elevator  cables.  Device  prevents  sway  of. 

Kavanagh    ^734 

Elevator.    Elec   questions   and   answers. 

Waldron  668,  Pyatt 832 

Elevator  plunger  repair — Prudential  Ins. 

Co.'s  Otis    ^703 

Elevator  statistics.   New  Y'ork 559 

Elevators,  Hydraulic.     C.  R 312 

Elevators.    Hydraulic    vs.    elec.    operating 

costs.     Waldron  127.  Bailey 644 

Elevators.    Woolworth    Bldg.,    safety.  ..  .^888 

Elgin  Watch  Factory  power  plant 557 

Ellipses.  Drawing  and  measuring ^469 

Emergencies.     Caring     for    609,     (Repair 

kinks)    Treeby 611 

Employers,  Attitude  of  many.     Kimball.     62 

Enabling  act.  No 423 

Enamel.  To  remove 121 

Energy  meter.  Elec,  Loetscher-Ryan.  .  .  .•2.'>6 

ENGINE,    INTERNAL-COMBUSTION 

— Alcohol  vs.  gasoline  engines i^ 

— Blast-furnace  gas.  Operation  of  gas  en- 
gines using.  Sampson  •821.  Wag- 
ner        861 

— Carburetor  adjustments.     Brennan....    418 

— Coal   engine.  Low *Se 

— Coke  oven  gas,  Performance  of  Buck- 
eye engines  running  on,  at  People's 

plant.   Chicago. •633 

— Costs.    Operntlng.    of   small    gas-engine 

plant.   Minster.   O.   Utz •224,   232 

— Cylinder    head   blows   out.   Pierce   Shoe 

Co 362 

— Cylinder  heads  of  horizontal  single- 
acting  oil  motors.     Mllller •8,59 

— Diesel  engine,  Busch-Sulzer.  test 694 

— Diesel   engine  driving  Tyrolese   rolling 

mill.      Gradenwitz 'SS 

— Diesel    engine    using   tar    oil,    Scharm- 

berg,    Germany ^264 

— Diesel  Engines.     Chnlkley t398 

— -Diesel   engines  and   tuiMilnes  In  central 

stations.      Gercke    ^286.    Ed 305 

— Diesel  engines.  English  house.     Allen..    •Rl 

— Diesel  engines.  Largest  In  U.  S 377 

— ^Dlesel  engines,  New  London *780 
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ENGINE,  INTERNAL-COMBUSTION 

— Diesel    engines.    Operator's    experience 

witli.      i-ierce '*9" 

— Diesel  engines.  Keseareli  work  on  large. 

by  Blolim  &  Voss 'IJ 

— Diesel  results.   Hamburg-Am.  line lo4 

— Exhaust  muffler.  Ford.     Brewster *ijs 

— Exhaust  silencer.     St.  John oS 

— Kxbaust  silencers.     Booth 7S^ 

— Exhaust-valve    trouble.      Grey oSS 

— Gas    engine    and   steam    turbine    power 
plants.      Florida      phosphate      mine. 

Turner    'i°y 

— Gas  engine  developments.      Brown ....    o^a 
— Gas  engine.  Illmer  2-stroke-cycle,  Head- 
ing Iron  Co.'s *"»*> 

— Gas  engine  refrigerating  plant.    Tait .  .*l:;:; 
— Gas    engine,    .Small,    Heat    balance    of. 

Smallwood  4oL'.  Of  producer •S'J7 

— Gas  Engine,   The.     Holzwarth T-S3 

— Gas  engine  troubles — Table.     Locke. . .     87 
— Gas  engine  unit.  Small.  Cost  of  power. 

Moore    *9'- 

— Gas  engines.  Pittsburgh  hotel loo 

— Gas-power  plant  in  wool  warehouses.  .•569 
— Gas    producer    plant.    Schmidt   suction, 
with   Fairbanks-Morse  and  Nash  en- 
gines. Record  of.     Muench 604 

— Gas    producer    plant    test.      Brewster 

IS.?.    Douthat 378 

— Gasoline-electric  generating  set •570 

— Gasoline  engine.  Lightest 647 

— Governor   valves,   Gaso.   engine.      Wat- 
son     '300 

— Heating  building  with  waste  heat  from 

gas  engine.     Brewster 534 

— Ignition  from  dry  cells 17,  226 

— Ignition.    High-tension,  with   batteries. 

Brennan    635 

— Indicator  diagram.  Misleading.    Gross- 

baum   '226 

— Jacket     circulating     systems,      Wilson 

»299,   Dwight *5il 

— Jacket  water  piping.  Gas  engine.    Booth   •9.S 
— Jacket     water     requirements.       Traut- 

schold    •^94 

— Junkers    engine ;    Diesel    comparisons. 

Junge    •120.    '417.      Levin •671 

— Knock.  Gas-engine.     Leonard.  Danforlh  350 

— Korean  gas  engine  plant •2112 

— Lubrication.    Cylinder.      Brennan    119. 

Brewster  341.  Durman T);!! 

— Lubrication.  Results  of  good.     Johnson.' lU) 

— Magnetos.  Drying  out.     Brown 264 

— Natural-gas  engine  plant,  Buffalo 413 

— Natural-gas   pressure    for  power 710 

— Oil     engine     classillcation.       Ostergrcn 

•187,    (Igniters)    Demorest *377 

— Oil  engine  observations — History  ;  pre- 
heating air :   Diesel   and   W'entworth 

engines  compared.     Wentworth •338 

— Packing.   Horton  gas-engine •704 

— Paragon  engine.  Durtnall's •225 

— Piston  rings.  Removing.    Brennan  495. 

Fries  6ii5.   Scott 635 

— Piston  troubles.  Gas  engine.     Pearce. .   861 
— Pound.    Oil    engine.      Abel    121,    Potter 

226.  Foster  264.  Delbert 378 

— Preignition   prevention.    Clerk's 531 

— Smoke,   Gas  engine,   Consuming.     Fra- 

zine    87 

— Sounds.  Gas-engine.     Brennan 709 

— Starting    gas    engine.     Difficulty     in — 

Scheme  for  sucking  gas.    W'estwood.  •711 
— Thermal  efficiency.  Gas  engine 616 


ENGINE,   STEAM 

See       also       "Valve."       "Cylinder." 
"Crankpin,"  "Governor."  "Indicator," 
etc. 
— Allls-Chalmers    and     Rice-Sargent    en- 
gines.    Bice  96.  Tomlinson 643 

— Alpha  Portland   Cement  Co.'s  flywheel 

accident    ^915 

— American-Ball  paper-mill  engine '629 

— Automatic     engine.     Most     economical 

steam  pressure.     A.  B 30 

— Balance.   Engine  out  of.     G.  R.  F 97 

— Brownell   engine.    Redesigned ^217 

— Buckeyemobile.      Low ^696 

— Clearance  measurement  by  water 763 

— Compound  engine  expansion  ratio 581 

— Compound  engine  horsepower 581 

— Cooper  engine,   Packard  plant '141 

— Corliss  engine  cutoff.  Single-eccentric, ,   757 

— Corliss  engines.  Stopping.     G.  F 274 

— Corliss    vs.    4-valve    engine.      Donovan. 

Prescott.    Wheat 503 

— Crankpin.    Putting,    in    large    engines. 

Maxwell  •233.  Lucas •fi2."i 

— Cross-eomp.  diagram^  wanted.     Borden.   162 
— Cutoff      equalizing      without      dashpot 

troubles.      Livingston *273 

— "Double-eccentric"  Corliss  engine 506 

— Efficiency.  Engine.     E.  S 543 

— Four-valve     engines.     Steam     consump- 
tion   of — Harrlsburg    data,    various 

sources    540 

— Gear  engine.   Clark •547 

— Goldsborough's  heat-saving  engine.  ...      58 
— Higii-speed     engine     wrecked.     Benson, 

Minn.      Lee '508 

— Horsepower     calculating    scale.       Bas- 

come    ^308 

— Horsepower  increase.     E.  H.  Q 795 


PAGE 

ENGINE,   STEAM 

— Ideal  Corliss  load  curves ^295 

— Inspection,     Value     of.       Clifton     269, 

J  ahnke  .i  .2 

— Jacketing  steam  cylinders,  llanszel . .  •dbs 
— Jacksonville   Trac.    Co.'s    NorUoerg   en-   __ 

gines   ^004 

— Lentz    engines    tested    *104,    653,    Su3, 

Driving  drainage  pumps ^846 

— Lubricator  location  on  cross-compound 

engine.     McGregor •868 

—  Navy,  Engines  in.     Dyson •lu,  'lOti 

— Nordberg  long-range  valve  gear •738 

— Oil  saved  by  guard.     Sprague •680 

— Pillow-block  adjustability.     Campbell . .  •  <  ol 

— Pistons.   Overhauling.     McDonald ^349   . 

— Poppet-valve    engines.    Diagrams    from. 

ware -679 

— Portable  engine  notes.     Haas 162 

— Power-plant  economics  problem — Run 
overloaded  or  by  new  engine';  Chad- 
wick  270,  Goad 831 

— Ratings,  Engine.     Gilson 683 

— Reach     rod     lost     motion     eliminated. 

Meeker  ^348 

— Recijirocating      engine,       Word       for. 

Klippe   564 

— Reversing  engine  rotation 834 

— Rotary  engine,  Augustine •112 

— Size  of  engine  required 685 

— Steam  consumption  determination. ..  .^441 
— Steam  Engine  and  Turbine.  Heck....  t33 
— Sieam    engine.    Bicentennial    of — New- 

comen's  and  others  described.     Low.^485 

— Textile  mills.  Engines  for.     Dean 650 

— Twin  tandem  engine  accident,  Berk- 
shire cotton  mill 321 

— I-'nillow  engine  compression.     Osborne.    196 

— Vibration  tests.     Parker 309 

— Wrecks   and   remedies.      Glass 613 

— Wrecks,  Two.  at  Portland,  Ore.     King.  751 

Engineer  as  Bre  chief  92,  Israel 683 

Engineer   Co.'s   draft  system ^181 

Engineer,  Operating  and  consulting ^729 

Engineer,  Tue  coming ■ 575 

Kngineer,  The  commercial 126 

Engineer — Worth    while? 460 

Engineer's  annual  report.     McChesney. .  .    666 

Engineer's   chair.   The 865 

Engineer's,  Mechanical,  difficulties.     Leav- 

erton   '70 

Engineering  accuracy 576 

lOngineering  and  cooperative  schools....    193 
Engineering  Congress,  International.  .367,803 
Engineering     mathematics.      Self-instruc- 
tion 232,  McClure 542 

Engineering,  mining  country.  Stretton.  .  907 
Engineering  progress.  Navy.     Dyson.  *10,  ■ 

•106,   ^145 
l-'ngineering  Thermodynamics.      Lucke.  .  .t921 

Engineers.  A.  O.   S. — Convention '878 

Engineers,  A.  S.  Mechanical — Water  glass 
method  of  testing  leakage  41,  The 
Myriawatt  lul,  800,  917,  Share  at 
San  Francisco  271,  803,  Factor  of 
evaporation  334,  465,  579,  Anthra- 
cite sizes  •294,  German  tour  plans 
435,  Baltimore  meeting  plans  435, 
New  Haven  branch  619.  Mass.  Tech. 
branch  654,  Clearance  measurement 
763,    Baltimore   meeting   and    papers 

800,  •821,  861 
Engineers    and    central    station.       Peck- 
ham   677 

Engineers — Better  attention,  better  ser- 
vice.    Diman 642 

Engineers  Consulting  and  operating.  639,  •729 
Engineers,    N.    A.    S. — N.    J.    convention 

•S04,  N.  Y.   convention 920 

Engineers  of  tomorrow ^363 

Engineers,  Operating.  Inst.  of...  11.  637,  673 

Engineers — Why  poor  risk ^621 

Engineers'  employers'  attitudes.     Kimball     62 
Engineers'  exam,  questions,  Mass.    Jack- 
son        161 

Engineers'     examiners     examined.     Mass. 

•285.   292,  .305.   •315,   Kent 466 

Engineers'  examiners'  report,  Ohio 173 

Engineers'   license  bill,   Maine 322 

Engineers'   license  examinations 459 

Engineers'  license  law  violation.  Arm- 
strong 128,   Ed 126 

Engineers'  license  report.  N.  A.  S.  E .  .  .  .  210 
Engineers'   licenses  and  boiler  inspection. 

N.  Y.  Cy 610,  618,   694 

Engineers'  licenses,  California 394 

Engineers'  licenses.  New  Jersey 210, 

423,  610,  618 
Engineers'  licenses — Societies  conferring.  676 
Engineers'  reading  club.     Johns  94,  Ed .  .      92 

Engineers'  salaries 7S7 

Engineers'   Soc.  West  Penn '114 

Engineers'  study  course 31,  64,  98, 

132,  166,  *202,  *238,  ^275,  •313, 
•354,  •392,  ^430,  •468,  507,  544, 
•382,  •617,  648,  686,  ^724,  ^758, 
796,    ^835,   874,    '911,    Gravatt  870, 

Stafford    908 

England,  Boiler  inspection 843,  903 

Estimating  plant  cost.     Gay 777 

Esty.      Alternating  Current   Machinery .  .t398 
Evans.    Condensing  plants  for  large  com- 
mercial buildings 88.  91.   227 

Evaporation,  Factor  of.  Potter  334. 
Westcott  465,   Johnson   579,   Roberts 

754,   B.  F.  L 429 

Evaporation,  Finding  165,  Equivalent  63,  312 
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Examination  questions,  Mass.    Jackson..    161 

Examinations,    License 459 

Examiners  examined  in  Mass,  ♦285,  292, 

305,   ^315,   Keut 460 

Example  Is  better  than  practice '11a 

Exciting    current.     Increased,     Effect    of. 

E.  J.  R.  391,  Miles 001 

Exhaust  and  live-steam  mains.  Connect- 
ing.    Bromley  532,  Leeds •864 

Exhaust  injector,  Connecting.     P.  W....    910 

Exhaust  mulfler,  Ford.     Brewster '378 

Exhaust  pipe  and   vacuum   questions   for 

discussion.     Blake '539 

Exhaust  silencer.     St.  John '53 

Exhaust  silencers.     Booth 782 

Exhaust  valve  trouble.     Grey 823 

Exhaust    valves   inverted.      Hunter    •426, 

Brann    684 

Expansion  joint  in  manhole ^784 

Explosion.  See  "Boiler,"  "Wheel,"  "Econ- 
omizer," "Air  lines,"  "Air  tank," 
".\ir  receiver,"  "Hston."  "Blowoff 
tank,"  "Blowoff  cock,"  "Cylinder 
head,"  "Receiver  and  condenser," 
"Gasoline,"    "Furnace." 

Extracting  roots  31,  Stafford 908 

Eye-bolts,  Safe  loads  for ^562 


F.  T.   monorail  system '293 

Factor  of  evaporation.  Potter  334, 
Westcott  465,   Johnson   579,   Roberts 

754,  B.  P.  L 429 

Factory    buildings.    Operating    economies 

In  heating.     Wilder 842 

Factory  power  plants.  Small 232 

Fan,    Draft,     Automatic    control.       Rem- 

lieu    •868 

Fan  dynamometer — Turbine  test '736 

Fan,  Engine-driven,  increased  combus- 
tion.     Dart 829 

Fans.    Centrifugal,    Charts    for    size,    ca- 
pacity and  power.     Gilbert.  ...  *73,   '548 
Farnsworth.     Condensing  water  auxiliary 

pump    •690 

Feed.       See     also     "Water,"     "Heater," 

"Pump." 
Feed  pipe.  Makes  internal.     Melligan. .  .  . '907 

Feld   washers.      Wagner 861 

Fenno.     Dalton's  law .  .  .  : 389 

Ferrantl  steam  gas  turbine 246 

Fessenden.     Measuring  air 198 

Field  magnets  •185,  Cores ^373 

Field,  S.  D.,  Death  of 844 

Flelden.      Gas  nroducer  and   waste  fuels.  262 

Fleldner.     Coal  analysis 357 

Filing — Card  indexes.     Swain '463 

Filter,  Compressed-air  dust.      Harris.  ..  .'347 

Filter.   Sampling,  for  gas •670 

Fire  chief,    Engineer  as  92,   Israel 683 

Fire  door.  Side,  Objections 30 

Fire  pump,   Goulds  centrifugal 209 

Firebrick  melting  points 65 

Fireman  "lost  his  head."     Tomlinson.  .  .  .    349 
Firemen — and    firemen.       Hopkins     *587. 

Kimball    "56 

First  aid  in  engine  room.     Lamarine 347 

Fittings.    Pipe.   Tests   of •330 

Flameless  combustion.  Bone's.    Bement.  .      27 
Flange.    Large.    Repairing    with    cement. 

Silke    ^577 

Flange.   Leakv.   Repairing.     Kavanagh.  .  .  ^612 

Flash  point  and  Dalton's  law 163,  389 

Flood,  The  499.  512,  535,  578.  612,  639, 
669,  694.  737.  •740,  •761,  (An  ex- 
perience )     Fi'ies 755 

Flue,   Unique  temporary.      Bromley '890 

Flue  gas.     See  "Gas,"  "Carbon  dioxide." 

Flue.   Smoke,  covering  advantage 274 

Flume,    Ballevllle    14-ft.,    collapse    •395, 

PuIIen    580 

Flywheel,  Bursting,  Alpha  Portland  Ce- 
ment Co.'s,  causes  two  deaths '915 

Flywheel  key  guards.     Strachan *615 

Foot-pound,     Shall    we     let    it    wabble? 

Kent    684 

Foot  valve.  What  Is  ? 873 

Forced      draft     outfit — Damper     control, 

Davis    ^425 

Forcing  oneself  to  work •437 

Ford  exhaust  muffler.     Brewster •378 

Fore  River  oil  burner •245,  246 

Formulas — Engineers'   study   course 166 

Formulas,  Simplified.     Way 717 

Foster.  H.  A..  Death  of 728 

Foundation  bolts.   Removing.      Mortimer.  ^528 
Foundation,    Generator,    Adjustable    sup- 
port for.      Linker '641 

Foundations,  etc.     Davis t476 

Four-pass    boilers.       Gibson     •272,     Cobb 

348,  St.  Cyr 542 

French  compressor  rating  recommenda- 
tions        260 

Frick  Coke  plant.  Air  compressor  explo- 
sion in inn 

Friction  loss.   Pipe.     Durand 27 

Fritz.  John.  Death  of 268,   •2S4 

Frustrums.  Volumes  of  •354,  Gravatt,  .  .  870 

Fuel  cost.  Ocean  liner's 509 

Fuel  economizer.     See  "Economizer." 

Fuel  heat  value.  Estimating  •835.  Ed...  827 

Fuel.  Rubbish  as •730,  745 

Fuel.   Study  of.     Brislee 133 

Fuel— What   after   coal  7 268 

Fuels,  Various,  Comparative  prices 495 

Fuels,  Waste,  and  gas  producer.   Flelden.  262 
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Furnace.  See  also  "Boiler,"  "Draft," 
"Gas,"  "Carbon  dioxide,"  "Carbon 
monoxide,"  "Firebricls,"  "Oil," 
"Grate,"  "Stolser,"  "Coal,"  "Smoke," 
"Combustion." 

Furnace — Ashpit  doors  wasted  coal 830 

l-'urnace,  Broman  oven  ;  furnace  for  hori- 
zontal    tubular     boiler.       Cederblom 

•171,  'ees 

Furnace    doors.    Vertical-lift.    Hudson    & 

Manhattan's   McClave-Brooks •814 

Furnace,    Dutch-oven 391 

Furnace  eliicienc.v  importance.      Potter..    273 

Furnace,  Gases  in,  explode.     Binus 791 

Furnace  iealsage  into  front  smoke  con- 
nection          63 

I'"urnace — Regan  grate  and  stoking  device  *892 
Furnace    regulation,    McLean's    balanced- 
draft  s.vstem  of — Engineer  Co.'s.  . .  . 'ISl 

Furnace — Scharf  smoke  prevention '-HI 

Furnace — Soot  and  cinder  arrester,  Ger- 
man.     Trautmann •774 

Furnace,   Sullivan  smokeless *S91 

Furnace  wall  innovations.     Kichards.  .  .  .  •790 
Furnaces,      Healing,      I'roducer     gas     in. 

Brown   370 

Fusible  plugs.      S.  C 506 

Fusible   signal    plugs   for    air-compressor 

machinery,   Ingersoll-Rand   "Hodges"  525 


6 

Gage  cocks,  Position  of 201 

Gage  glass  recently  blown.  Why  it  shows 

higher  water   level •$ 

Gage,  Jlercury  liquid-level.     Halsey ^789 

Gage  pipe,  Nonfreezing  mixture  for 353 

Gage,    Steam,   problem.      Longstreet 28 

Gage  tester,  American  multlpar  hvdraulic 

dead-weight    ^9 

Gage,  Vacuum.  Testing.     H.  F *97 

Gages,  Fluctuating,  Kefrig.  plant 165 

Gages,  Steam,  inaccurate,  due  to  plugged 

pipe.      Sidiuger 906 

Gas.      See    also    "Engine,    Internal-Com- 
bustion." 
Gas,   Blast-furnace,  dust  determinations ; 

Martins  Alter     Brown *670 

Gas,  Blast-furnace,  Operation  of  gas  en- 
gines using  :  cleaning,  etc.     Sampson 

•821,    Wagner 801 

Gas,     Coke-oven,     engines*     performance. 

People's,    Chicago »e33 

Gas  collector.  Oil  in 873 

Gas    combustion,    Bone*s    flameless.      Be- 

ment    27 

Gas  compressor  trouble.     J.  W.  W 543 

Gas — Deadly    monoxide 385,   720 

Gas.  Flue.     See  also  "Carbon  dioxide." 
Gas,  Flue,  analysis.  Stick  phosphorus  for. 

Liddell     96 

Gas,  Flue,  analysis — Study  course.  .874,   •Oil 
Gas,      Flue — Heat     balance — Charts     for 
heat       escape,       hydrogen,       carbon, 

water,  etc ^42 

Gas,    Flue,   readings   for  criticism.     Lowe 
719,    (Comment   on   analvsis)    Fisher 

832,    Liddell 871 

Gas,  Flue — Recording  analyzers 65 

Gas,  Flue,  sampler.     Case •538 

Gas,  Flue.  Sampling.     Franklin •501 

Gas,  Illuminating,  for  heating 131 

Gas — Low   coal   engine *86 

Gas  meter  troubles.     .lohnson ^155 

Gas  Power.     Uirshfeld,  Illbricht t765 

Gas-power    plant    in     wool    warehouses, 

Boston.      Learned •569 

Gas   pressure,    L'sing  Initial    natural    for 

power,  by  Union  Gas  &  Carbon  Co..^710 
Gas  producer  and  waste  fuels.      Fielden.    262 
Gas  producer.  Bituminous,  and  gas-clean 
ing      apparatus      for      refrigerating 

plant.      Tait 'rjl' 

Gas,     Producer,    Canadian    Car    &    Fdy. 

C'o.'s  large  plant 412 

Gas  producer  heat  balance.     Smailwood.  •897 
Gas,      Producer,      in      heating      furnaces. 

Brown     370 

Gas  producer  plant,  Schmidt  suction.  In 

Seattle,   Record  of.     Muench 004 

Gas  producer  plant  test.     Brewster  153, 

Douthat   37.S 

Gas,    Producer,    (Quality    and    uniformity 
of — Smith,  Akerlund.  Otto  and  Talt 

producers.      Trautschold 634 

Gas  producer  room.  Preventing  steam  in. 

Eastman    378 

Gna  producer.   Warwill.     Seager •860 

(ias    producers    using    wood.    Vaporizers 

for.      Shaw S7 

Gas  propelled  water  turbine 'lOl 

Gas  pump.    Humphrey •602 

Gas    -UtIllzinK  coal.     .lunge ^445 

G   ses  In  furnace  explode.     BInns 791 

Gn  4es.  Separation  of — World  heating  dis- 
coveries.     Booth  200.   .Saudslrom...  .    ;!;iO 
Gasket,    Copper    ring    V,    stopped    heater 

leak.      Kramri    830 

Gasket  cutter.   Siewnrt ^220 

fJasket  softened  with  lainj)  wick 'OS 

Gaskets.   Lead  boiler  manhole 647 

flasollne  and  oil   price 787 

Gasoline  electric    generating    .set,    Sturte- 

vant    •570 

Gasoline  engine,     See  "Ivnglne,   Internal- 
Combustion,"  "Automobile." 
Gasoline,   Investigating  Hiibatltutes   for.  .   571 
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Gasoline   explosion    in   power   plant,    La- 
peer, Mich.      Huibert •762 

Gate  valve,  Lunkenheimer  "Victor" •849 

Gavan  &  Inrig's  oil  turbine 496 

Gay.     Plant  cost  estimating 777 

Gear  engine,  Clark '547 

Gear,  Novel  reducing,  Clark's ^598 

•jear,   Worm,  lubrication.     Booth 905 

(ieared   turbine.      Cairns 598 

General  Elec.  switch  locking  device ^83 

Generating     set,     Gasoline-elec,     Sturte- 

vant     iSTo 

Generator    and    prime   mover    capacities. 

Rushmore,   Lof ^449 

(ienerator  foundation.  Adjustable  support 

for.      Linker •641 

Generators,  Kinds  of  direct-cur 795 

Generators,  Largest  direct-current,  Cleve- 
land     ^415 

Gensch.  Boiler  Plants  (German) 1837 

IJercke.     Turbines  and  Diesel   engines  in 

central  stations •286,  305 

Gilford.     Efficiency  of  underground  steam 

mains    •802 

Gilbert.       Centrifugal     fans     •73.     ^548, 

Hot-water  direct-heating  charts. ..  .^712 

Gill.     Steam  decomposition  by  heat 113 

Glenlyon  economizer  explosion.  •136,  346,  399 

Goldsborough's  heat-saving  engine 58 

Goulds  centrifugal  fire  pump 209 

Governing  at  no  load.     A.   B.  T 467 

Government    plants 865,  87'7 

Governor,  Automatic  stop.     K.  D 63 

Governor  ball  loss.     A.   B.  C 467 

Governor,  Clark  centrifugal ^652 

Governor,  Lombard  special  horizontal. .. ^254 

Governor,   Troublesome.      Sherman ^426 

Governor,    Turbine,    trouble.    Correcting. 

O'Brien 27 

Governor  valves,  Gaso.  engine •300 

Governors.  Am. -Ball  paper-mill  engine.  .  .  *629 
Gradenwitz.     Heating  boiler  arrangement 
•21,     Diesel    engine    driving    rolling 

mill    •85 

Graphite     feeders.      Boiler.        Spaulding 

•271,  Carr   "•678 

Grate  and  stoking  device,   Regan •892 

Grate  area  question.     M.  P.  M ."12 

Gratitude.     Braley ^479 

Gravity  explained.     K.  V.  S 353 

Gravity-return    system,    Steam-loop    and. 

Hawkins     ^854 

Grease  lubricator,  Detroit  "300" 777 

Grease  lubricator,   Sarco   automatic 149 

Greene.      Elements.   H.   &   V t322 

(irooved  boiler  tubes.     Whitaker ^867 

Ground   detectors.      Mossman *14 

<!uarantees    on    steam-generating    units. 

Peebles    148 

Guards,  Flywheel  key.     Strachan •615 


H 

Hacksaw  blade.  Double-acting.  Reitlinger  47 
Halliwell,  R.  F.  Mlxed-pres.  turbine. ...  ^241 
Ham.  Pipe  sizes  and  steam  velocities....  558 
Hamburg-Am.  Watch  Factory's  Diesel .  .  •264 
Hanson.  Coal  testing  under  difficulties..  473 
llanszel.      Jacketing  steam   cylinders.  ...  •368 

Harger.      Recording  analyzers 65 

Ilarrlsburg    steam-consumption     data    of 

4-valve   engines 546 

Harrison  "Cochrane"  valve.  New 704 

Hasty  judgment  is  rash 211 

Hawkins.  l*ower-plant  curves  '717, 
Steam-loop  and  gravity-return  sys- 
tem     •854 

Heat     balance    In     boilers.       Marks     ^42, 

Ed.   57,    Potter 273 

Heat  balance  of  small  gas  engine.  Small- 
wood    452 

Heat  balance.  Producer.      Smailwood.  ...  ^897 

Heat  Indicating  paint 436 

Heat  measurement — Study  course ^617 

Heat-Power       Engineering.         HIrshfeld, 

Barnard    t434 

lle.1t    transmission   into   boiler.      Bement 

•876,   •912 

Heat  value  of  coal 827 

Heat  value  of  fuel.   Estimating ^835 

Heater.   Closed,    Radiator   as.      Noble....    613 

Heater — Engineer's    difficulties ^70 

Heater.  Feed  water,  troubles.  Flannery 
59.    Roble,    McMillan   465,    Hawkins, 

Anderson     643 

Heater,    Large   National •S^O 

Heater  leak  stoiiped.     Kramp 830 

Heater,  Open,  Water  temperature 201 

Heater  piping-  Water  temperature •BOe 

Heater,  \  ent  pipe  prevents  water  ham- 
mer In.     Buerger *m7 

Heater,  Water  hammer  In •lot 

Heath.     Talbot  w.  t.  boiler •443 

Heating  and  pumping  feed  water.     Weir 

•146.    Wight 390 

'Tiatlng.  Dynamo  and  motor 526 

Heating  fuel   oil.      Hartley   ^60,  Peabody 

•20.5,   ^244 

Heating  water  electrically 834 

Heating  water  with  live  steam.  Cost  of.  .    165 

HEATING  AND  VENTILATION 

Boiler  arrangement,  Sulzer's.     Graden- 
witz        ^21 

—  Boiler  room,  Ventllntlne.  W.  S.  C.  ..  .  301 
— Calculator,   Novelty  residence  heating.  ^379 
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HEATING    AND    VENTILATION 

— Check  valves  relieve  trouble 674 

— Coal     required     for     heating.       Duraud 
„  .,       ,  .,  534,  803 

— Coil   returns.   Saving  heating 685 

— Condensing    plants    tor    large    commer- 
cial    buildings ;     hot-water     heating. 
Evans  88,  227,  Ed.  91,  Durand.  ..  .  .    227 
— District    heating     by     steam    and     hot 

water.      Lent 606 

— District  steam  heating  with   high-pres 

steam.  Cleveland.     Ballard ^783 

—Elements  of  H.  &  V.     Greene t322 

— Gas     engine.     Heating     building     with 

waste  heat  from.     Brewster 534 

— Gas,  Illuminating,  for  heating 131 

— Graphical  solution,  heating  problems — 
Area    and    volume    chart :     circular 
slide  rule  for  radiation.     Thorkelson   '20 
— Greenhouse  heating — Poor  engineering. 

Owen    537 

— Heating  &    Vent.    Engineers"    meetings, 

etc 17U,  •3U1,  379,   •380. 

„     ..  .,      „  '456,  652,  725.  786 

— Heating  coils.  Rearranging.     Jahnke.  .    •HO 

— Hot-water   direct-heating   charts •71' 

— Hot-water   heat.      Argabrite S4' 

— Hot-water     heating.     Central     station, 

itates  and  regulations  for,  Ohio..        802 
— Hot-water      heating     system.      New — 
Kraus' — Injecting     air     into     risers 

534,   ^712 
— Hot-water  piping  trouble.      Hyde   079 

(Removing  scale)    Hurst 908 

— Indirect     heating    systems.     Operating 
cost    of.      Busey    and    Carrier    •380. 
Pressure   losses   in   piping  system .  .  .  •456 
— Mixed  heating  system.     Binns.  .  .  .  •455 

— Natl.  Dist.  Heating  Asso 620,  ^841    864 

— Pipe  coil  heating  surface 03 

— I'ipe   sizes   for   forced   hot-water   heat- 
ing.    Durand  455,  714,  Kent 608 

— I  itot      tube      in      air      measurements. 

Busey  •loG.  Ed.  100,  Loeb •302 

— Radiator  and  coil  connecting.    Meinzer   *2' 
— Radiators,  Circulators  through  shunted 

hot-water.     Brewster  •158.   Durand  ^458 
— Room   temperature   and   radiating  sur- 
face.    Allen    370 

— School,  Heating.  Wagner.  Busey...!.  90 
— Steam-heating  systems.  Troubles  of — 
Connecting  live-  and  exhaust-steam 
mains ;  vacuum  troubles ;  plugged 
vacuum  lines ;  air-bound  coils ;  ad- 
justing thermostat :  air  and  dia- 
phragm troubles :  making  people 
warm    without    heat,    etc.      Bromley 

•532,   Leeds .804 

— Steam    mains    underground.    Efficiency 

of — Insulation  chart,  etc.     Gifford.  .  •802 

— Steam  pipes  in  concrete  floor 856 

— Swimming    pool.     Boiler     capacity     re- 
quired to  heat.     Lisk ".....   277 

— Thawing  frozen  heater  pipes 425 

— Ventilation.     Downward,     in     Rockford 

school.      Beery •301,  786 

— \entilation  leeislation.   Standards  for.   652 
— Ventilation,    Notes    on — Air    quantities 
and    cubic    contents,    dust    troubles, 

air  flow,  operation.     Ohmes 673 

— Water   hammer,   cracked    boiler.      Sher- 

„.m'">  , •382 

— Water   leaves  boiler.      Walling 89, 

„.   ,  230,  304 

— Water   temperature   regulator,   Sarco.. •4.33 

— Woolworth   Bldg.  plant ^889 

Heating  and  viscosity.  Oil ^205 

Heck.     Steam  Engine  and  Turbine t33 

Heine  Boiler  tests,   N.  Y.  Cent,  station.  .•702 

Hero's  Inventions.     Low •^SS 

Hess.      Machine  Design t2.83 

nine.     Modern  Organization t67 

HIrshfeld.    Heat-Power  Engineering  t434, 

Gas  Power t705 

History  of  technics  460,  Matsehoss 475 

Hitches,  Making.      RIddell •5fil 

Hodges  fusible  signal  plugs 525 

Hoist,    Largest   mine.    Nordberg 101 

Hoist,   Mine,  experience.      Stretton 907 

Hoisting- -Slinging  and   hitches •Sei 

Hoists.   Derricks,  Cranes.      Hess t^SS 

Hollow  conductors.      Parllman    •OeO,  Mc- 

Kelway    820 

Ilolzwarth.     The  Gas  Engine t2S3 

Home  .Morton.     Power  generation,  etc. . .   687 
Hopkins.     Firemen — and  firemen. .  .•,')87,  756 

Hopper,   Coal,    Motor-driven ^740 

Horner  method  of  extracting  roots.    Staf- 

,,      ford    908 

Hornsby   bulb    Igniters.      Demorest ^377 

Horsepower.      .See   also   "Power." 

Horsepower  calculating  scale '308 

Horsepower  calculating  without  Indicator  131 

Horsepower  constant.      I.   A.   R 429 

Horsepower    formula    explained 166 

Horsepower,   Indicated,   Figuring.     Small- 
wood    24** 

Horsepower.    What    IsV      Kent    109,    163, 

684,  Ed.  125.  Liddell  104,  Poole 388 

Horse.ii,   etc..   Power  of 478 

Ilortnn  gaa-englnp  packing '704 

Hose,     .lobna  ^Ianvllle     flexible     metallic 

com  til  nation    630 

Hot    bearings.    Radical    cure    for.      Staf- 

f""'    86!) 

Hot     water.       Si'e     "Heating,"     "Water," 
"Pump." 
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Hotel     plant,     Uemodeling.     Copley     Sq.^^   ^ 

Barney -i; 

Housatonic  Power  Co ^i? 

House,  English  country,  plant 'gl 

How  Old  it  happen.'     Hunter »42b,  faM 

Howden  oil-spraying  nozzle •  ■    ■^'Jo 

Howland,   Me.,    boiler   explosion 1 1  -.  |-'» 

Hudson  &  Manhattans  furnace  doors... *bl4 

Hulbert.     Gasoline  explosion ' 'b^ 

Humphrey  pumps,  London  watei-wks 'bO^ 

Hydraulic  mining  of  phosphates .*4SU 

Hydraulic  ts.  electric  elevator  operating 
"     costs.     Waldron  127,  Bailey....  ...  .    644 

"Hydro-cator"  indicator.  Hydraulic,  Ster- 
ling       »■'" 

Hydro-electric.     See  also  "Water. 
Hydro-elec.  systems.     N.  E.  L.  A    reports  ^^^ 

Hydrogen  determination,  Chart  for *44 


Ice.      See    "Refrigeration." 

Ideal  armored  pump  valve "l i 

Ideal  Corliss  load  curves '^2 

Ideal   reducing  motion ,  >-2 

Igniters,  Oil  engine.     Demorest w    oii 

Ignition  from  dry  cells 1'.  •''" 

Ignition,     High-tension,     with     batteries. 

Brennan    635 

Illinois   Steel   Co.s  plant *-rj&,   »b90,    io6 

Illinois  Uni.'..  New  buildings o44 

lllmer  gas  engine * ' 43 

Impregnating  wire   coils b4i 

Inchley.     Boilers  and  Accessories \^o6 

Index  "system.    Card.      Swain 'IBS 

Indiana  public-utility   law oo2 


INDICATOR  FOR   ENGINE,  COMPRES- 
SOR,  PUMP,  ETC. 

— Coupling,  Indicator-cord.  Abadie *^§^ 

— Diagram  analysis.  Simplifying.     Taylor     28 
— Diagram,    Misleading    gas-engine    indi- 
cator.     Grossbaum •226 

— Diagrams,    An-monia-compressor.      An- 
derson     ti'^-o 

— Diagrams  for  comment.     Sharp 'Sba 

— Diagrams  from  high-duty  pumping  en- 
gine.    Tucker  •348,  Taylor 505 

— Diagrams    from    poppet-valve    engines. 

ware  ;'°'^ 

— Diagrams,     How     were     they     taken? 

Brooks    '5I§ 

— Diagrams,   Interesting.     Richter •lo^ 

— Diagrams     of     cross-compound     engine 

wanted.      Borden 162 

— Diagrams,    Pumping-cngine    water-end. 

Homer  •Qo.  Beatty •• .  •SOS 

— Diagrams,      Pump     water     end — Wavy 
suction       lines.         Reynolds       •502, 

Gates  681.  Oliver "54 

— Diagrams — Valves     revereed.       Hunter 

•426,  684 
— Inaccuracies       of      indicators — Experi- 
ments,     apparatus,      etc.        Stewart 

•851.    Smallwood *914 

— Indicated   h.p..    Figuring.      Smallwood.    242 

— Indicator  Handbook.     IMckworth t321 

— Leaks  shown  by  cards 581 

— Micro-indicator.   Maders 105 

— Reducing  motion.   Ideal ^625 

Indicator.   Tank.      See   "Tank." 

Indolence.  Imp  of.     W.illace 'SS 

Induced  draft  system.  Prat •371 

Induction  motor  accident.     Noble •223 

Induction  motor  refused  to  start.  Field. ^493 
Industrial    works.    Power   generation   and 

transmission  in.      Home-Morton 687 

Information,    Much-needed 676 

Ingersoll-Rand  fusible  plugs 525 

Ingratiture.  Discouragement  of 676 

Injector    acting    against    different    pres- 
sures        543 

Injector,  Exhaust-steam.     H.  H.  J 353 

Injector  or  pump  most  economical  boiler 

feeder  ?      Hopkins 791 

Inspection,  Engine.  Value  of 269,  755 

Inspection.    Systematic 193,  231 

Institute  of  Op.  Engineers 71,  637,  673 

Instructions,  Two  ways  of  giving "69 

Insulation  resistance,  Testing  for •527 

International  Harvester's  cooling  tower.  .•413 
Isolated    plant,     Operating,     under    difli- 

culties     '627 

Isolated  plant  vs.  central  station.     Lewis 
33.     720,     Hawkins     464,     Eastman, 

Hickman,  Marks 541 

— The  central   station 160 

— Expense  division,  iso.  plant.  W'hite.  .  161 
— Iso.  plant  organization,  Boston.  .  .169,  203 
— St.  Louis  Engineers'   Incitation  Club..    248 

-^Small  office-building  plant 413 

— How   one   mill   beats   central    stati  >n — 

Lowell  Weaving  Co 447 

— Object  lesson.  Cleveland  flood 612 

— Textile  mill  power.     Dean 651 

— Engfneers  and  cent.  sta.  Peckham...  677 
— Discrimination    by   central   station.  .  .  .    715 

— What  the  tenants  pay 750 

— Government   plants 865,  877 

— Breakdown  service  rates 866 

Italy,  Waterpower  enterprise 694 
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.racket    circulating    systems.    Gas-engine. 

Wilson  ♦299,  Dwight •  ■  *0' J 

.lacket  water  piping,  Gas  engine.     Booth.  'Ud 
.lacket    water    requirements    of    internal- 
combustion  engines.     Trautschold.  .  .•4.M 
.Jacketing  steam   cylinders.      Hanszel .  .  .  .  *.lb!; 
.lacksonville  municipal  plant.     Austin.  ..  •bJJ 

Jacksonville  Traction  Co.  plant •o54 

.lapanesc  as  elec.  manufacturers ofao 

Jenkins  brass  gate  valve *544 

Jerguson  "Klinger"  water  glass •4»7 

Johns-Manville     stack     lining     282.     Re- 
fractory cement  333,  Flexible  metallic 

combination    hose ,§§9 

Joint,  Expansion,  and  manhole •784 

Joint,  Swivel,  rebuilt  heavier •3d0 

Joints.     Improving    conductivity    of — Op- 

timus  plastic  alloy  261,  Jackson.. ._.   375 

Jones  oil   burner ^205,  *.06 

Junge.     The   Junkers  engine   •120,    ^417, 

•671,  Rational  coal  utilization ^445 

Junkers  engine.    Junge  ^120,  •147,  Levin  •671 


ICavanagh.  Device  prevents  sway  of  ele- 
vator cables ^734 

"Keeping  tab"  in  plants.     Lundeby il 

Keil.     Running  refrigerating  plant 636 

Kennicott  water  weigher  medal 704 

Kent.  What  is  a  horsepower';  lUS).  125, 
163,  List  of  distinguished  engineers 
315,  Shall  we  let  the  foot-pound 
wabble?  684,  Heat  transmission  into 

boiler    (discussed) *87(i,   •912 

Keokuk,  Curious  stack  at 'So 

Keokuk  hydro-elec.  plant 654,  687 

Kerosene  a  distillate.     J.  H.  T 353 

Key  guards.  Flywheel.     Strachan *615 

Keys,   Removing.     Hurst ^829 

Kingsbury   thrust   bearing *6l)7,  918 

Klinger  water  glass ^487 

Knock,  Gas-engine.     Leonard.  Danforth  .  .    350 

Knocks,  Gas-engine.     Brennan 709 

Knots — Slinging  and  making  hitches.  .  .  .♦561 
Knowlton.       Power    plant     accident     4!). 

Boiler  tests  on  shipboard 892 

Koenig.     Mechanical  refrigeration 637 

Korean  gas  engine  plant ^262 

Kraus  hot-water  system .").'14.   ^71 2 

Kreisinger.  Steam  boiler  efficiencies.  ♦876.  ^912 
Kroeschell    carbon-dioxide    compressors.  .^497 


Lagonda  multiple  water  strainer • 

Lake  Shore  generating  plant  •364, 
Canal  Road  plant  ♦415,  Condensing 
equipment  ♦516,  Coal  and  ash  hand- 
ling     • 

Lamp  breakage  by  static  charge  from 
cleaning   

Lamp  control  through  mains * 

Lamp  report,  etc..  N.  E.  L.  A 

Lamp,   Voltage  across.     McKelway 

Lane.     Troublesome  condensing  system .  .  • 

Lap,  Inside.     R.  G 

Lap  joint.  Reinforced,  problem — Solution. 
Wing   • 

Lap,  Steam-valve.  Added 

Lapeer  plant  gasoline  explosion * 

Latch  blocks.   Fixing  worn.      Hurst ' 

Lawrence.    Cylinder  lubrication  •838,  Ed. 

Lawyers,    These 126. 

Lazwell  drainage-pumping  plant * 

Leak  in  heaters  stopped  by  copper  ring 
V-gasket.      Kramp 

Leak  in  submerged  tank.  Stopping.  Rob- 
ertson     * 

Leakage,  ammonia  compressor,  etc.  .^421. 

Leakage,   Water-glass  method  of  testing. 

Leaking  nipple  disables  superheater. 
Sheehan    * 

Leaking  throttle  repaired.     Low ' 

Leaky  blowott  valves.  Openings  to  de- 
tect.    Jahnke ' 

Leaky  boiler  tubes.  Hart  719,  Noble, 
Hurst   

Leaky  flange.  Repairing.     Kavanagh ' 

Leaky  pipes.  Clamp  for.     Oster " 

Leaks.  Piston .10.  647, 

Learn  how  to  learn 

Learned.  Gas-power  plant  in  wool  ware- 
houses     ' 

Leaverton.      Engineer's    difficulties 

Lee.     High-speed  engine  wrecked ■ 

Leeds,  large  condensing  plant 

Leese.  Turbine  advantages  514,  870, 
Pulley  transmitting  capacities ' 

"Lefax."      Parker 

Legislation.  Remedy  for  ill-advised 

Lehigh  Valley's  economical  firing 

Lent.  District  heating  by  steam  and  hot 
water  606,  Identifving  pipes ' 

Lentz  engines  tested  •104,  653,  803, 
Driving   drainage   pumps ' 

Level.   Crankpin.      Stickney 

Lewis.  Central  station  vs.  isolated 
plant 33,  464.  541. 

License.       See    "Engineers'." 

Lighting  Panama-Pacific  Expo.  .436,  601, 

Lighting  plant  report.  Topeka 

Lighting.  Poor  power-plant 

Lighting  question.     J.  J.   B 

Lightning  arresters.     N.  E.  L.  A.  report. 

Link.  Best  form  of.  Bowman  •642, 
Kasley,   Hawley 
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Link-motion  engines.    G.  L.  0 581 

Liquid-level.     See  also  "Tank." 

Liquid-level   gage.    Mercury.      Halsey .  .  .  .  •780 

Liquid    scales,    Avery    automatic ^360 

Lisk.      Boiler    capacity    required    to    heat 

swimming  pool    277 

Live-  and  exhaust-steam  mains.  Connect- 
ing.    Bromley  532,  Leeds •864 

Livorsedge.     "Commercial   Engineering".  .t513 

Load  curves.   Ideal  Corliss ^295 

Locke,    H.      Gas-engine  troubles 87 

Locking     device,     Disconnecting     switch, 

G.    E ^83 

Locomobile,     First     American — Buckeye- 
mobile.     Low   •696 

Locomotive  boiler  accidents.   Year's 102 

Locomotive  boiler  explosion,  Detroit  173, 

Broman    466 

Locomotive  boiler  explosion.  Peculiar,  on 

Tex.  &  Pac ♦560 

Locomotive,    Mallet,    firemen ♦587.   750 

Locomotive  piston  reciprocation 467 

Locomotives,  Powerful  elec,  N.   Y.  Cent.  601 

Loetscher-Ryan  elec.   meter ^256 

Log  calculator.  Power  plant.     Polakov.  .^596 

Logarithms,  Anniversary  of 166 

Logarithms — Study   course 64.   98,  132 

London   suburban   rys.    electrification....    478 
London  water-wks.,   Humphrey  pumps... •602 

London,  W.  J.  A.,     Small  turbines 214 

Losses,  Turbo-alternator.     Lamme 118 

Lost   motion  in  pump   valves.    Adjusting. 

Hurst   '380 

Low,  A.  M.,  coal  engine •Se 

Low,   E.   IL     Bi-centennial  of  steam   en- 
gine      ^485 

Low,  H    R.      Putting  new  stems   in   Cor- 
liss valves ^735 

Low,  F.  R.     First  American  Locomobile. *696 

Lowell   Weaving  Co 447 

Lubricant.      See    also    "Oil." 

Lubricant.  Cylinder.     M.  B 616 

Lubricate  pump.  Cannot.  Lake 789 

Lubrication,    Air-compressor 194 

Lubrication,  Cloth  pinion.     H.  C.  V 616 

Lubrication,    Cylinder.      Lawrence    •838. 

Ed : 828 

Lubrication.  Forced,  in  Navy •lOS 

Lubrication,  gas-engine  cylinders.      Bren- 
nan 119,  Brewster  341.  Durman.  .  .  .    531 
Lubrication.     Good    gas-engine — Bearings 

and  pins.     Johnson ^710 

Lubrication,   Worm-gear.     Booth 905 

Lubricator    condenser    repairs.       Copping 

•28.    Row 164 

Lubricator,    Cylinder — What    becomes   of 

the  water  ?     Thurston •SeO 

Lubricator,  Detroit  "300"  grease 777 

Lubricator.      Home-made     central.       Ber- 

trand    '578 

Lubricator  improperly  located.    McGregor. ^868 
Lubricator,  Pump,   Home-made.     Wagner.   ^94 

Lubricator,   Sarco  automatic  grease 149 

Lubricator   will   not   work    on    locomotive 
crane.     Rush  ^234,  Madeley,  Borden, 

Noble    505 

Lucas.      Putting   crankpins    in    large   en- 
gines     ^625 

Lucke.      Engineering  Thermodynamics. .  .t921 

Lundeby.     "Keeping  tab" 71 

Lunkenheiraer  "V^ictor"  gate  valve ^849 

"Lusitania's  "    turbine    troubles 173,  356 

M 

McCall's   Ferry  plant.      Bromley 'eSG 

McClave-Brooks  furnace  doors ^814 

McLean  balanced-draft   system •IS] 

McChesney.     Engineer's  annual  report.  .  .    666 

Macomber.      Handbook   of    Patents t476 

Machine         Design — Hoists,         Derricks, 

Cranes.     Hess t283 

Magnetos,  Drying  out.     Brown 264 

Maine  engineers'  license  bill 322 

Manchester  Steam  Users'  Asso..396,  843,  903 

.Manhole  and  expansion  joint •784 

Manholes.  Boiler  failures  at 424 

Manufacturers'     opportunity.        Hunting- 
ton.   Ed 575 

Marine  condenser  development,  etc.    Weir 

et  al...^76,   ^134,  •146.  ^332,  390,   •504 

Marine  refrigerating  rules.   German 636 

Mark  cold-drawn  steel  union ^812 

Marks.     Heat  balance  in  boilers •42,  57 

Martin.     Steam  Turbines t477 

Mason   Laboratory,   Y'ale ^772 

Mason-Seaman  Trans.  Co.  plant ^627 

Mass.  examination  questions.     Jackson..    161 
Mass.  examiners  examined.  ...  ^285,  292, 

305,    ^315,  466 
Mass..  In —  Zealous  inspector  345,  Grls- 

wold    755 

Materials  and  Construction.     Pratt t321 

Mathematics,     Engineering,     Self-instruc- 
tion 232,  McClure    542 

Mathematics.    Practical.      Palmer t322 

Mathematics  problems.     F.  P.  S 616 

Mathematics.   Shop.     Norris.    Smith 1321 

Matheson  joint  pipe 765 

Matschoss.     History  of  technics 460.  475 

Mauler.     Packard  Motor  Car  plant  ^140, 

'Weber  Wagon  Wks.  plant ^730 

Mechanical  engineer's  difficulties.    Leaver- 
ton    ^70 

Mechanical  Engineers.    See  "Engineers." 
Mechanical    Equipment.     Fed.     Buildings. 

Thompson    t68 

Mechanics.     Theory     and     Practice     of. 

Slocum    t477 
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Meier.     Notes  on  superheating 471 

JMeinzer.     Iladiator  and  coll  connecting. .    *22 

Melbourne  railways  electiitication 43:; 

Mensuration — Study  course  *2U2.  'aSS. 
•275.    *313,    •354,    ^430,    •46S.    Gra- 

vatt    8711 

Mental   Indigestion.     Low 103 

Merchant  pipe,  No  more 3U6 

Mesta  Machine  Shops,  Visit  to *114 

Metals,  Corrosion  of,  soldered  contact .  .  .    *-~i4 

Meter,  Blonck  boiler  efficiency *ls;; 

Meter  correction — Hot  water 429 

Meter,   Elec.   energy.   Loetscher-Ryan ....  *256 

Meter,  Gas,  troubles.     Johnson *155 

Meter  report,   N.   E.  L.  A 917 

Meter  service.  Heating,  discussed 841 

Meter  test  boards.     Cassard ^778 

Meters,  Switchboard,  Westinghouse  black 

dial    ^450 

Metric    conversions,    Simple.      Cary    217, 

Ed 232 

Metric   System.    The.      Bayer   t322,    In   a 

Nutshell     t361 

Micro-indicator.    Mader's 105 

Middle  West,  Afflicted 499 

Milwaukee  smoke  inspection 921 

Mine,  Coal,  boiler  plants 865 

Mine  hoist.  Largest,  Nordberg 101 

Mine,  Phosphate,  plants.     Turner *480 

Mine-pump  air  exhaust  piping.  Houston 
•577,    Bridges   755.    Carruthers,    Lld- 

dell     870 

Mines.   Bureau  of.     See  "Bureau." 

Mining  country  engineering.     Stretton  .  . .    907 

Minneapolis    water  power   development.  .    372 

Minster  gas  engine  plant *224,  232 

Mixed  pressure  turbine.      Halliwell ^241 

Monaghan's,   F.  B..   memory  honored....    138 
Monkev  wrench,  Trimont  ham  Tier-head.  .  *63o 

Monorail   system.  Shaw  "F.  T." ^293 

Monotony.  The  Joys  of 487 

Monoxide.    The    deadly.      Callaway    385, 

720^  Morrison    720 

Montana   boiler  inspection.      Wilkinson..      96 

Montgomery  central  plant.      Rogers '438 

Moore.    A.    F.      Wire   resistance   by   slide 

rule    151 

Moore.  S.  B.,  Jr.  Power  cost,  small  gas- 
engine  unit   ^52 

Moore  tube  expanding  beading  tool ♦255 

Morlson,  D.  B.  New  theory,  condensa- 
tion *78.   •332.   What  vacuum 346 

Morrison.  A.  B..  Jr.  Motors  and  appli- 
cations     259.   296.   335 

Moses.     Water  flow  over  weirs *258,   6S2 

Mcssman.    Ground  detectors  •14.  Dynamo 
and    motor    troubles    '526.     Cooling 
tower  for  small  refrigerating  plant.  *746 
Motor.        See     also     "Electricity,"     "En- 
gine."   etc. 

"Motor  spirit" — New  fuel 5sii 

Moyer,  S.  L..  Death  of 727 

Mud  in  steam.     Talbot 679 

Muench.     Gas  producer  plant 604 

Miiller.       Cylinder    heads     of     horizontal 

single  acting  oil   motors •8.59 

Mulloy.      How  many  boilers  to  operate. .  *408 
Municipal   plant.  Jacksonville.     Austin.. •622 

Museum    ft    industrial    arts 173 

Mutual    obligation.    Their 58 

Myriawatt,   The 101.  800,  917 

N 

Names  for  steam  stuff 345,   505.  722 

Nashua  Bundy  tilting  pump ^^9^^ 

Nashville  wants  boiler  works 765 

National   Asso.    Steam    Engineers.  ..  .210, 

•804,  920 
National  Dist.  Heating  Asso.  .620.  •841.  864 
National  Elec.  Light  Asso.  .893,  894.  900,  917 

Natlonal   heater.    r,arge '549 

National  Tube  Co. — No  more  merchant 
pipe  306.  Drinking  water  cooling 
plant  ^343.  Book  of  Standards  t361. 

Rolling  names  in  pipe 426 

Naval    Architects    and    Marine    Engineers 

•10.    ♦106.    •145,    »205.    ^244 
Navy,  Engineering  progress.    Dyson.. •lo, 

106,  'US 
Neff.    Ammonia  compressor  safety  devices 

5.">.  Decreased  Ice-plant  output 902 

N'ellgence  and  procrastination.    Holly.. •401 

N'ighliorlv.   Be 159 

New   Eng.   Power  Co.'a  plants •250 

New   Jersey   legislation 210,   42."?. 

513.   610,  618 

New  Jersey's  N.  A.  S.  K.  convention •804 

New  I/ondon  Diesel  engines •780 

New   River.   Va..  development "402 

New  York  aqtiediirt  work 'l.'! 

New  York   boiler  laws .306 

New  York  Cent    Heine  boiler  tests •702 

New  York  City  power-cost  Investigation.   .'iHS 

New  York  Edison  rates 866 

New  York  elec.  safety  rules 880 

New  York  factory  law 750 

New  York  I'ollce  Dept.  to  lose  boiler  In- 
spection      and       engineers'       license 

bureau? 610.    618.  694 

New  York  State  water-power  develop- 
ment     use 

Neweomen   engine   hi  centennial *485 

Newhall's  Vance  blowolT  valve •208 

Niagara  plants,  Canadian  257.  nntes  360, 

More  water.  American  side 435 

Nipple.      Leaking,     dlsBhtes     superheater. 

Hheehan    , , *0,T3 
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Nordberg  long-range  valve  gear *738 

Normand  oil  burner •245,  246 

Norrls.     Shop  Mathematics t321 

Northern  Colo.  Power  Co 653 

Northern  Ind.  Gas  &  Elec.  Co 586 

Novelty  residence  heating  calculator.  ..  .♦379 

Nut,  Check,   "Keyed."     Scribner 829 

Nuts,  Jam.     H.  S.  C 910 


O 

Object  lesson.   Cleveland.      Pomeroy 612 

Oflice  building  plant.   Small 413 

Ohio  engineering  experiment  station 476 

Ohio  examiners'  and  inspectors'  report.  .    173 

Ohio  hot-water  heating  rules 862 

Ohio  Soc.  of  l<'ngineers ^783 

Ohmes.     Notes  on  ventilation 673 

Oil.     See  also  "Lubricant,"  etc. 

Oil,  Acid  in,  may  cause  corrosion.     Green   198 

Oil  and  gasoline  price 787 

Oil  as  fuel.     Trautschold ■. ^316 

Oil-barrel  emptier.   Siphon.     Binns *752 

Oil      burning      developments.        Peabody 

•205,   ^244 
Oil,    Cylinder,    evaporative    test.    Simple. 

Fairbanks   ^26.   Robinson 390 

Oil.  Cylinder,  qualities.     Lawrence •838 

Oil  engine.    See  also  "Diesel."  "Junkers." 

"Engine,  Internal-combustion,"  etc. 
Oil  engine  classification.    Ostergren  ♦187. 

( Igniters)    Demorest ^377 

Oil.  Engine,  saved  by  guard.      Sprague.  .^680 
oil  flash  point  and  Dalton's  law.     Gross- 

baum  163.  Fenno 389 

Oil     flow     problem — Tank     piping.       Mc- 
Carthy *502,  Gates 683 

Oil  fuel  consumption.  Naval 586 

Oil    fuel    for    destroyers    and    battleships 

145.  Chart  of  evaporation  with  coal 

and  oil   ^146 

Oil,  Fuel,  Heating.     Hartley ^60 

Oil  fuel,  Jacksonville  plant ^622 

Oil  fuel.   New — "Motor  spirit" 586 

Oil  fuel  problem 749 

Oil,  Fuel,  questions.     S.  K.  B 506 

Oil,  Fuel,  use  of  57.  Pierce 682 

Oil  grooves  being  abandoned 424 

Oil.  Oil-engine  cylinder 312 

Oil    piping.    Care     of :     heating    it    with 

steam,  etc.     Grandmontague ^537 

Oil  pump.  Hand.   Piping,      Ramsey ♦641 

Oil  running  on  shaft.   Preveufing 16.^ 

Oil  stains.  Removing.     H.  E.  R 237 

Oil.  Sulphur  in.     H.  McC 616 

nil,  Tar.  Diesel  engine  using *264 

<  til   testing  methods 169 

oil   throwing  generators.     Hill 708 

nil  trials,  I'rejudice  in 477 

nil   turbine.  Gavan  &  Inrig's 496 

I  HI   vs.  coal.     Stromeyer 396 

oiling  gas  engines;  water-separating  tank 

for  oil-cleaning  system *822 

oiling  largest  hydro-elec.  units 687 

Oils.  Testing,  for  sulphur.     Pattern 626 

Olympic's  fuel  cost 5(i9 

One  of  many.     Durland 905 

One  way  to  know 91 

Ontario's  new  boiler  regulations 920 

(Operating.      See    "Engineers."    "Costs." 
Ophiils.         Weighing       ammonia       •190i 

Winter  work  in  refrig.  plant.  .  .♦420.  572 

Optimus  plastic  alloy 261 

Oregon  power  projects.  Federal  help....    544 

Organization.  Modern.     Hine t67 

Orrok  on  condenser  tests 267 

orsat  apparatus — Study  course •911 

Ostergren.     Oil-engine  classification  •187, 

•377,  New  refrigerating  cycle *265 

Overload — Economics   problem 270,  831 

Owner.  The  average  346,  Robinson 350 


I'a.kard  Motor  plant.     Maujer •140 

Packing.   Ball  gage  cock 723 

Pncking  thickness.  Rod.     E.  T.  K 429 

Packing  trouble.  Piston-rod.     Knab 502 

Packing.   TTsIng   rejected.      Meinzer ^93 

I'age.  H.  S.     Care  of  commutators.  .•706.  S.58 
Page.  V.     Modern  Gasoline  Automobile.  .t361 

Paint.    Heat   indicating 436 

Painting   boiler   shells.      Llebflcld 29 

Palmer.      Practical   Mathematics t322 

Panama  canal  power  distribution 448 

Panama  I'aclllc  exnosltlon 336.   367. 

436.  512.  601,  797,  803,  857 

Paper-mill   engine.   American-Ball •629 

Paragon   engine.   lJ)urtnairs ^225 

Parker.       "r,efax"    t322.    Boller-efficlency 

chart    •812.   828 

Parliman     Alt. -current  conductors.  .  •669.   820 

Patents.   Handbook  of.     Macomber t476 

Pattern,  W.     Testing  oils  for  sulphur.  .  .    626 

I'eabodv,  C.  n.     Steam  Rollers +765 

Peabod'v.    E.    H.       Oil     burning    develop- 

menla    •20,V   •244 

Peck.      Field  for  small  turbines 214 

Peebles.    Guarantees  on  steam-generating 

unltn    148 

Pelton  wheel.  Large  European -"7 

Penn.  n.  U.  boiler  tests 706 

People's  Gas  I,lght  &  Coke  Co •104,  •«.'»3 

Perkins.  J.  R..  Death  of 210 

Permntlte,  a  water  goftener .'548 

Perpetual  motion  fallacy 231 

rcrth  Amboy  Cent.  Rta.     Uogera ^36 


PAun 

Phillips.      The  prony  brake •688 

Phosphate  mine  power  plant.  Turner.. *480 
Phosphorus.   Stick,   for  flue-gas   analysis. 

Llddell    96 

Pickworth.      Indicator   Handbook t321 

Piers.  Hot,  prevent  smoke.  Pomeroy....  905 
Pillow-block      design.      New      adjustment 

feature  recommended.     Campbell....    751 

PIPING 

See      also      "Heating      and      vent.." 
"Trap,"     "Pump,"     "Valve,"     "Blow- 
off,"  etc. 
— Ashes   promote   corrosion.      Waldron. .     94 
— Boiler  plants.  Safe  piping  for.    Myers, 

Ware     ^540 

— Calculating  scale,  Pipe  area.     Bascome.^308 

— Cast-iron  steam  pipe 834 

— Clamp  for  leaky  pipes.     Oster *197 

— Compressor     piping.     Losses     due     to. 

Palmer  611,   Richards    872 

— Corrugated     piping,      Elastic,      Macie- 

Jewski's    *815 

— Covering.   Pipe.    Home-made 237 

— Covering,   Pipe,  test  connections •786 

— Covering.  Pipe,  tests.     J.  G.  B 353 

— Cutter.   Toledo  pipe 776 

— Engineer's  difficulties.  Leaverton .  .  .  .  ^70 
— Exhaust    pipe    and    vacuum    questions 

for    discussion.      Blake •SSO 

— Feed  pipe.  Makes  internal.  Melligan .  .  ^907 
— Fittings.    Deductions    from    tests    on — 

Swivel  Joint  rebuilt  heavier ♦330 

— Flume   coilapse,   Balleville ♦395.  580 

— Friction  loss,  wrought  pipe.  Durand.  .  27 
— Frozen    pipes,    Thawing.      Wilson    26. 

Adams    425 

— Heater,  condenser  and  atmosphere 
piping — Increases  feed-water  tem- 
perature.     Briggs •906 

— Hot-water   piping   trouble.      Hyde   679, 

(Removing  scale)    Hurst 908 

— Identifying  pipes — Stencil.      Lent •77-1 

— lolnt.  Holding,  together.  Ramsey. ... '642 
— Leaky   flange.   Repairing.      Kavanagh..    612 

— Matheson  Joint  pipe 765 

— Merchant  pipe.  No  more 306 

— Names,  Manufacturers',  on  pipe 4'.i6 

— Oil     flow     problem.       McCarthy     •502, 

Gates    683 

— Oil   piping.    Care   of ;    heating   it   with 

steam,  etc.     Grandmontague •537 

— Pipe  bender.  Emergency.     Hardy ^195 

— Pipe  sizes  and  steam  velocities.     Ham.    558 
— Pipe   sizes   for   forced   hot-water   heat- 
ing.    Durand  455.  714,  Kent 608 

— Plugged  pipe.   Steam  gages  inaccurate, 

due  to.     Sidinger 906 

—  Pressure  losses  in  hot-water  heating 
system ;  diagram  for  pipe  propor- 
tions  to   allow   for   friction.      Busey 

and    Carrier ^456 

— Problem.        Piping  —  Length;        cost. 

Durand    ^307 

— Standpipe.  Pressure  in.     W.  F ^723 

— Steam  now  through  pipes.  Carpenter.  ^816 
— Steam   heating.    District,   high-pressure 

piping    ^784 

— Steam-loop  and  gravity-return ^854 

— Steam    mains    underground.    Efficiency 

of.     Gifford   ^862 

— Steam  pipes  in  concrete  floor 856 

— Suction  pipe.  Placing  large.     Nagel...*270 

— Thread-Tight  pipe  compound 740 

— Union,   Mark  cold-drawn  steel •812 

— Water  flow,  Determining.     S.  D.  G. . .  .   131 

— Wooden  pipes  and  casings •714 

Piston  clearance  measuring,  etc 763,  910 

Piston  clearance.  Reducing.     M.  J 97 

Piston  explodes.  Hadley,  Alaska 321 

I'iston  fracture  cause.  Rockwell's.    Parker, 

Hart.   Strachan    •388 

I'iston.   Hole  worn  through.     Lay 719 

Piston   leaks 30,  647,  685 

Piston.  Putting  In  new.     Ilaight 387 

Piston  ring.  Cracked.     Jahnke 755 

Piston  ring.  Loose.     T.  A 467 

Piston  rings.  Fitting.     A.  P 685 

Piston    rings.    Removing.      Hrennan    495, 

Fries  605,    Scott 635 

Piston     rod     area     in     hp.     calculations. 

Morrison    129 

Piston  rod  breaks  third  time.     Hubbard.   752 

Piston  rod  packing  trouble.     Knab 502 

Piston     rod    pulled    out     t>f    crosshead : 

fractured  head.     Adams •501 

Piston.  Solid  vs.  built-up 391 

Piston     sticks    and     breaks     in     cylinder. 

Dickson    867 

Piston  stud.   Safety.     Ranch •23.1 

Piston  troubles.  fJasenglne.  Pearce....  861 
Pistons.  Engine.  Overhauling.  McDonnld.^319 
Pilot   lube   in   air  measurements.     Busey 

•156.  Ed.  160.  Loeb •302 

Plttshnrgb,   Fuel  consumption  of 41 

Plltslmrgli   livs.  Co    plani 803 

Plllsliurgh  Suinke  AlmlcpHMil    League....      66 

Plnut   c.nslni.'tlon  record-    I'fah.. 100 

Plant,  Operallng.  under  dimcultlea ^627 

Plant.  I'ackaril  Motor  Car.     Maujer •140 

Plant  parts.  Sizes  of 685 

Plant.  Prudential  Insurance.  Bromley  •2.  25 
Planls.   "Kei'ping   tab"   In.     Lundeliy....      71 

Plungnr.   Elevator,    repair '703 

Polakov.     Power  plant  log  calculator.  ...  •■')n6 

Polarity  of  dynamo 131,  3!i3 

Polarity,    What   reversed?      Olbbeney    50, 

Pollard,  Pagett,  Dawson  222,  Thome  •337 
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Polished  surfaces.  Restoring.     J.  F.  C.  .  .    353 
Poole.     Primer  of  electricity  *115,   »185, 
•373,     •590,     •741.     Unit    of    power 
388.    684.    Unequal    alternator    volt- 
ages        632 

Poor  engineering.  Example.     Owen 537 

Pop  valve  sizes.     J.  P 737 

I'oppet    valve    engines.    Diagrams    from. 

Ware   *679 

Portable  engine  notes.     Hass IBS 

Potter.     Factor  of  evaporation.  ,334,  465,  579 
Pound  in  oil-engine  cvlinder,      Abel   llil. 

Potter  22(j.   Foster  264,   Dclbert 378 

Power  calculating  without  indicator 131 

Power-cost  investigation.  Municipal 535 

Power  engine.  Man  as _. .    20S 

Power  generation  and  transmission  in  in- 
dustrial   works.      Home-Morton 687 

Power.    Horse,   calculating  scale •308 

Power,  Horse,  Figuring  indicated.  Small- 
wood    242 

Power,  Horse,  unit.     Kent  109.  163,  684, 

Ed,  125,  Liddell  164,  Poole 388 

I'ower  loss.  Did.  altitudes 53.  800 

Power  matters,  textile   mills.      Dean ....    650 

Power — "M.vriawatt" 101,  800,  917 

I'ower  plant  accident      Knowlton _49 

Power  plant  cost  estimating.     Ga.v 777 

Power  plant  curves.     Hawkins ^717 

Power  plant  economics  problem.  Chad- 
wick  270.  Goad 831 

Power  plant  log  calculator.     Polakov.  .  .  .•596 

I'ower  plant  operation  in  Army 291 

I'ower   plant   running  difficulties.      Moul- 

trop    634 

I'ower  plant.  Weber  Wagon  Wks *730 

I'ower  plant.  Woolworth  Bldg.     Wilson.. ^884 
I'ower    transmission    by    compressed    air. 

Barr   290 

Practice  and  theor.v — Cartoon •693 

Prat  induced  draft  system •371 

Pratt.     Materials  and  Construction t321 

Preignition  prevention.  Clerk's 531 

Premier  gas  engines.  Korea ^262 

Pressure  controlling  valve.  Dronsfield...    ^80 

Pressure  gage.     See  "Gage." 

Pressure  losses  in  piping  system.     Busey 

and  Carrier '456 

Pressures.  Condenser  and  back 826 

Prime    movers    committee    report.    X.    E. 

L.  A 893,  918 

Primer  of  electricity.     Poole.  .'llS,  •185, 

•373,    •.399,   ^741 

Problem.   Plant   economics 270,  831 

Producer.      See   "Gas." 

Profit  sharing.   Ballinger  &  Perrot 323 

Prony  brake.  The.     Phillips "eSS 

Prudential   Insurance  plant.     Bromley.  ^2,  25 

Public  Service  sta..  Perth  Amboy *36 

I'ublic    utilities.    Commission    control    of. 

Gaskill    864 

I'lillov    liiaiins.    American  roller ^204 

I'nll.n   I'nilur.'s,  Cast-iron.     Read ••580 

I'lilliv,   Slippinir,  Repair.     Johnson '612 

Pulleys,  power  transmitting  capacities 
of — Diagram  for  wood,  iron,  paper. 
I.,ccse    '628 

PUMP 

See     also     "Valve,"      "Oil,"      "Air," 
"Condenser,"  etc. 

— Capacity.  Pump.     W.  H 834 

— Cement,  Pump  for  injecting ^577 

— Centrifugal  fire  pump  and  power  head, 

Goulds    209 

— Centrifugal  pump,  DeLaval.  Pittsburgh  180 

— Centrifugal  pump  horsepower 237 

— Centrifugal   pumps.   Turbine  driven,   to 

carry  water-works  peak  load 2,^6 

— Compression  space  in  pump 274 

— Condenser    pumps.     Reciprocating    and 

rotary.     Scanes   *510 

— Condensing  water  auxillarv  pump  at 
III.  Steel  Co..  for  Smoot-Rateau  tur- 
bine installation.     Farnsworth ^eOO 

— Cylinder  head  removing  device.     Oliver 

•309.  Schaf er   ^428 

--Deep-well   pump  problem.      Chuisana.  .  •Gil 
— Delivery     against     different    pressures. 

C.    s: 543 

— Delivery.      M.  D 543 

— Diagrams  from  steam  end  of  high-duty 
pumping  engine.  Tucker  ^348,  Tay- 
lor        .305 

— Diagrams,    Pumping-engine    water-end. 

Homer  ^95.  Beatty •SOS 

— Diagrams — Wavv  suction  lines.  Rey- 
nolds ^502.  Gates  681.  Oliver 754 

— Discharge  calculation.   Pump 343 

— Discharge  exceeding  piston  displace- 
ment        506 

—Double  ports  in  duplex  pumps 834 

—Drainage-pumping  plant.  Lar.well ^846 

-Emergencv    repair  kinks.      Treebv  611. 

Ed 609 

— Engine  wrecks  and  remedies 613 

— Feed-pump   capacity 581 

— Feed-water  pumning.    Weir  •146.  Wight  390 

— High  and  low-dutv  pumps 237 

— Horsepower.  Pump.     N.  K.  F 274 

— Humphrey  pumos.  London  water-wks .  .  ^602 

— lyubricate"  pump.   Cannot.     Lake 789 

— Lubricator.    Force-pumo.     Wagner •94 

— Mine-pump  air  exhaust,  Piping. 
Houston     ^577.     Bridges     755,     Car- 

ruthers,    Liddell 870 

— Name-nlate,    Meaning  of 834 

— Phosphate  mining  with  pomps ^480 
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PUMP 

— Piston  displacement,  w'ater  volume....    165 

— Piston,  Removing.     F,  S.  H 795 

— Power  pump  troubles.     Bridges 38b 

— Pressure  on  suction.     P.   H.  W 312 

— Pressure.  Pumping.  Inquiry  on 201 

— Pump  house.   Montgomery  plant ^439 

— Pump     or     injector     most     economical 

boiler  feeder  V     Hopkins 791 

— Pump    working    under    water.    Youngs- 
town  flood.      Standiford ^740 

— Pumping  under  difficulties.  Glens  Falls 

flood    •761 

— Reciprocating  pump  curves.     Daniels.  .  •488 

— Slip,  Pump.     E.  S 685 

— Slippage  of  reciprocating  pumps  :  Chi- 
cago    and     Milwaukee     water-works 
tests.    Baer  •482.  Newbold.  McMillan  792 
— Steam  consumption.  Pump.     L.  S,  W..    429 

— Steel  mill  pumps.     Tupper ^652 

— Suction  pipe  too  small.  Hardisty....  462 
— Suction  pipe.   Placing  large.     Nagel,..*270 

—Tank,  Pump  to  fill.     ,T.  P.  C 467 

— Tank,    Pumping    water    from    air-tight 

elevated   123 

— Tilting  hot-water  pump.  Nashua  Uundy  •o95 

— Triplex  vs.  duplex  power  pumps 757 

— Unusual   experience  with   duplex   pump 

— Corner  air-bound.     Ashheld 7,31 

— Vacuum  pump  net  lift 237 

— Valve,  Adding  lap  to 834 

— Valve  deck  cracked,  Rauch  29,  Ton- 
kin        62 

— Valve,    Pump,    "Ideal"    armored.    Lake 

Erie   "77 

— Valve      rod.      Broken,      caused     pump 

trouble.     Chapman   *233 

— Valve  stem  lost  motion 834 

— Valves.      Adjusting      lost     motion      in. 

Hurst   '385 

— Warm  water.  Pump  lifting 274 

— Water  pressure  helps  pump '237 

— Whistling  pump,     Robertson 753 

Puttv,    Making 674 

Pyramids,  Measuring  •354,  Gravatt 870 

Pyro  boiler-cleaning  system 902 

a 

CJuebec  electric  rates 766,   798 

Quick  restoration  of  service 669 

Quitetite  reducing  valve ^219 

n 

Racing  rotary  converter.  Springfield.  ...  *631 
Radiating     surface.     Room     temperature 

and.      Allen    379 

Radiation  charts.  Hot-water •712 

Radiation.   Slide  rule  for ^20 

Radiator  and  coil  connecting.     Meinzer..    ^22 

Radiator  as  closed  heater.      Noble 613 

Radiators.    Circulation    through    shunted 

hot-water.  Brewster  •l.iS.  Durand.^438 
Randolph.      The   storage   battery ....  ^48,   •SI 

Rating   refrigerating  machines 30,  826 

Ratings.  Engine.     Gilson 683 

Reach      rod      lost      motion      eliminated. 

Meeker     ^348 

Reading  club.  Engineers'.     Johns  94,  Ed,     92 

Reading  Iron  Co.'s  gas  engine ^743 

Receiver    and    automatic    control.       Haf- 

ford    •307 

Receiver  and  condenser  explosions 383 

Receiver  explosions.    Air.     Anthonv 199 

Receiver  pressure.  Lowering.     K.  M.  W..    543 

Receiver,  Tide  fills.     Cultra 198 

Recording  analyzers.     Harger 65 

Records.    Heating   station — Report 842 

Records — "Keeping  tab."      Lundeby 71 

Records.  Prudential  Insurance  plant.  ...  '7 
Rectifier  for  charging  3-cell  batteries.  . .  .    '16 

Reducing  gear.    Novel,    Clark's •598 

Reducing  valve,  Auld  "Quitetite" •219 

Reducing  value.  Home-made.     Collister.  .•719 

REFRIGERATION. 

— Accidents  in  refrigerating  plants, 
Avoidable  —  Ammonia  explosions. 
Block    266 

— American  Soc.  Refrig.  Eng....*54,  53, 

•122,   124,  266 

— Ammonia  compressor  cranks  relation.  .      63 

— Ammonia  compressor  diagrams.  An- 
derson    ^574 

— .\mmonia     compressor     rating — French 

recommendations    266 

— Ammonia     compressor    safety    devices. 

NeflE    55 

— Ammonia.  Physical  properties  of. 
Marks.  Loomis.  Mosher.  Wobsa's 
values    124 

— Ammonia  refrigerating  system.  Opera- 
tion          30 

— Ammonia.  Weighing,  to  determine  re- 
frigerating capacity.     Ophiils 'lOO 

— Calcium  chloride  brine.     Smith •56 

— Carbon  dioxide.   Refrigeration  with....    372 

— Central  stations.  Refrigeration  a  desir- 
able load  for — Distilled-  and  raw- 
water  ice  making,  etc.  N.  E.  L.  A. 
report    900 

— Cold-storage  rooms.  Installing  ther- 
mometer for  temperature  of ^748 

— Condenser  and  back  pressures 826 

— Cooling  tower   for   small   refrigerating 

plant.     Mossman ^746 
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REFRIGERATION 

— Corrosion  in  refrig.  svstems.     Smith..    ^54 

— Crankshaft,  Broken.     Stretton ^56 

— Dehydrator  drain,  Watch.     Robertson.,  498 

— Gas  compressor  trouble 543 

— Gas  engine  refrigerating  plant.    Tait.  .•122 

— Ice  and  salt  mixtures.     Crawford ^825 

— Ice  machine  racing.     Rowe 266 

— Ice  plants.  One  cause  of  decreased  out- 
put in 902 

— International    Refrigeration   Exposition 

and  Congress  138,  498 

— Mechanical      refrigeration       elements ; 

starting  after  winter.     Koenig 637 

— Prudential   Insurance  Co.'s  plant ^6 

— Rating  refrigerating  machines 30,  826 

— Refrigerating  cycle.  New,  carbon  di- 
oxide.     Ostergren ^265 

— Refrigerating  plants  installed  in  1912.  192 
— Refrigeration    made    simple — Compres- 
sion  system    •342.    *747.    Absorption 

system    ^419.   ^824 

— Ritz-Carlton  hotel  refrigerating  plant : 
Kroeschell  carbon-dioxide  compres- 
sors     '497 

— Running  refrigerating  plant.     Keil ....    636 
— Shipboard    refrigerating   plant    regula- 
tions.   German 636 

— Water.  Drinking,  systems — Table  of 
compressor       capacities :        National 

Tube  Co.'s  plant ^343 

— Winter  work  in  refrigerating  plant. 
Ophiils — Keeping  log;  falling  off  in 
capacity ;  compressor  piping ;  leak- 
age past  valves  and  piston ;  con- 
denser troubles,  etc.  ^420.  Com- 
pressor :  lubricating  oil ;  condenser  ; 
distilled  water;  freezing  tank,  etc..    572 

Regan  grate  and  stoking  device *892 

Regenerator,    Rice *396 

Relays,   Protective.     Stickney 'ISO 

Remote    control    through    street    mains. 

Allen     '414 

Repair    kinks.    Emergency.      Treehy    611, 

Ed 609 

Repairs,   Time  for 750 

Report,  Daily — Sure  defense •767 

Report,   Engineer's  annual.    McChesney .  .    666 

Report — ri  i-i;    .ii;\^~.      Hawkins ^717 

Reverse  In;         ■!  irve 165 

Reversed    i  What';     Gibbeney   50. 

Polhii  '1     1  :i-     I.  I  lawson  222.  Thorne  ^337 

Review  nf  y.ni-  1'.I12 23 

Revolution   counter.    Bristol 856 

Rh  ostats.  Liquid,  Westinghouse,  for  large 

alternating-current   motors *819,  920 

Rheostats.    Water :    setting    up    in    creek. 

Daugherty    '^5^ 

Rice,  ,Tohn,  regenerator *396 

Rice,  R.  H.  Allis-Chalmers  engine...  .96,  643 
Richards.  Air  supply  and  air  receiver. ..  ^472 
Riddell.     Slinging  and  making  hitches.  .  .^561 

Riding  cutoff 834 

Riedler-Stumpf  type  turbine  develop- 
ments    ^523 

Right  men  in  right  place 639 

Rilnv  underfeed  stoker ^483 

Rites.   V.  M..  Death  of 728 

Ritz  r:nlriiri   iffrigerating  plant ^497 

Kiv.  r   wat.  1    iKPd   eight  times 72 

Riv.t  siz.  s  ^iihI  pitch 97 

Rivi'ts.    (Duntersunk,    on    bcilers.      G.    B. 

L.  407.   Wilkinson 833 

Rivets  under  shear.     C.  O.  B 616 

Rockford    school.    Downward    ventilation 

in.     Beery ^301,  786 

Rogers.  Perth  Amboy  Cent.  Sta.  •36, 
Waterbury  and  Bull's  Bridge  plants 
•176.  Deerfleld  Riv.  hydro-elec.  de- 
velopment •230.  .Sharp  mill  cooling 
pond  ^326.  Appalachian  hydro-elec. 
development     •402,      Central     plant, 

Montgomery,  Ala •438 

Rogowskl.         Experiments      on      efficient 

boiler  operation 799 

Roller  bearing.  American *204 

Rolling  mill  drive.  Diesel *85 

Room  temperature  and  radiating  sur- 
face.    Allen    ,379 

Room  volume  chart.  Thorkelson's *20 

Roots.    Extracting   31.    (Horner   method) 

Stafford    908 

Rope  drive.  Short  splice  for.     Mallery .  . .  ^461 

Rope  pulley  diameter.  Least 97 

Rope    slinging    and    hitches    '561,    Safe 

loads     •563 

Rose.  Value  of  boiler  specifications....  9 
Rotary  converter.      See  "Converter." 

Rotarv  engine.  Augustine •112 

Rubbish  as  fuel *730.   743 

Rushmore.    D.    B      Generator    and    prime 

mover    capacities •449 

Rust  prevention,  salt  water 165 

Rut.  Getting  out  of  the,     Knowlton 845 


Safeguarding    economizers    159,    Handley, 

Alexandre.    Miller 793 

Safety.    American    Museum   of 362 

Safety   and   responsibility 424 

Safetv     devices.      Ammonia     compressor. 

Neff    55 

Safetv  rules.  Elec,  N.  Y 880 

Safety  suggestions,  L.  V.  R.  E 315 

Safety,  Woolworth  Bldg.  elevators '888 

Safety  valve.      See   "Valve." 
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St.  John  proposed  development 551 

St.  Louis  Engineers'  Incitation  Club....   248 

Salaries,    Engineers' 787 

Salt  and  ice  mixtures.     Crawford *825 

Salting  of  ilr.  Fresh.  Richards 220 

Sampler,  Flue-gas.     Case *.">38 

Sampling  flue  gas.     Franklin •501 

Sampson.    Operation  of  gas  engines  using 

blast-furnace  gas •821,  861 

San  Francisco  exposition  plans.  .271,  336, 

367,   43a,   512,   601,   797,   803,   856 
Sarco    automatic    grease    lubricator    149, 

Water    temperature    regulator *433 

Saw,    Hack,    blade,    Double-acting,    Eeit- 

iinger   47 

SaylesTille  economizer  explosion...  .^136, 

346,  399 
Scale,  Boiler  ofliciency  loss  by.  Bailey..  235 
Scale,  etc..  Removing  from  piping.    Hyde 

679,    Hurst    908 

Scale,  Turbine,   removal.     Johns 129 

Scales,   Avery  automatic   liquid ♦360 

Scales,  Calculating.     Bascome ♦308 

Scanes.     Modern  condensing  systems.  .  .  .  ♦SIO 

.Scharf  smoke  prevention  system ^411 

Schmidt   gas-producer    plant 604 

School,  Heating.     Wagner,  Busey 90 

School,    Rockford,    Downward   ventilation 

in.     Beery   •301,  786 

.Schools,  Cooperative 193 

Schuchardt,  Bernhard,  Death  of 881 

Schiitte  oil  sprayer ^205 

Schutte    &    Koerting    and    Prat    induced 

draft  systems  ^371 

Schutte  &  Koerting  oil  burner ^245,   246 

Seager.     The  Warwill  producer 'Seo 

Sediment  forms.   Where 315 

Selection  of  men  and  equipment 715 

Shaft,   r^ngine,  Testing  squareness 274 

Sharp  mill  cooling  pond.     Rogers ♦326 

.Shearer.     Elec.  control,  conveyor  belts.. *857 

Sheffield  Scientific  School.     Wilson ^772 

Shipboard,  Boiler  tests  on 892 

Shop  Mathematics.     Norris,  Smith t321 

Short      circuiting      lines      to      controller. 

Cimpbell    '84 

Signal  system,  Elec.  plant.     Davis •152 

Signals,   Illuminated,  for  turbine  and  ex- 
citer control    ^39 

Signs  of  the  times 886 

Silencer — Exhaust  muffler.     Brewster. ...  ^378 

Silencer,   Gas-engine.     St.  John •SS 

Silencers,    Gas  engine.      Booth 782 

Silica  in  boiler  water.      Robie 29 

Simplex  Co.'s  wiring  computer 337 

Siphon    condenser.     Improvement    to    old 

style.      Tifft   '\20 

Siphon  oil-barrel  emptier.     Binns •752 

Sleeping  on  duty  459,  Chester 461 

Slide  rule.   Wire  resistance  bv.     Moore.  .    151 
Slide  rules.  Special  circular.  .♦20,  •308.  *i>96 

Sliding  foot.   Engine.      S.   J 312 

Slinging  and  making  hitches.     Riddell. .  . '561 
Slippage,      reciprocating      pumps.        Baer 

♦48'2,    Newbold,  McMillan 792 

Slocum.     Mechanics t477 

Smallwood.      Figuring  Indicated  hp.   242. 

Heat    balance    of    small    gas    engine 

452,     Producer    heat     balance     ^897. 

Stewart's  experiments  on  Indicators.  ^914 
Smith.  E.   B.      Determination,  steam  con- 
sumption     ^441 

Smith,  M.  B.    Corrosion  in  refrig.  systems   *54 
Smoke  Abatement  League.   Pittsburgh.  .  .      66 

Smoke — Cinder   arresters 903 

Smoke  from  large  stacks 866 

Smoke,  Gas  engine.  Consuming.     Frazine.     87 
Smoke.     Hot  piers  prevent.     Pomeroy.  . .   905 

Smoke  inspecfion,   Milwaukee 921 

Smoke   preventer,   German.      Trautmann.  ^774 
Smoke  prevention  system,  Scharf.    Power 

Efliclency  Corp.'s ^411 

Smoke  prevention.      Wilson 289 

Smoke — The   eternal    question.      Young.  .      *1 

Smokeless   furnace,    Sullivan •891 

Smokestack.     See  "Stack."   "Chimney." 

Society  for   Elec.   Development 384,   398 

Somermeler.      Coal t67 

Soot  arrester,  German.     Trautmann •'774 

Sounds,  f las-engine.     Brennan 709 

Sparking.      Butler ^818 

Siieciflc  gravity  of  a  body 353 

Speed — Bristol   revolution  counter 8.'>6 

Spheres — Engineers'  study  course.  .•392,  •430 

Splro  turbine  tests.     Coward ^736 

Splice,   Short,   for  rope  drive.     Mallery . .  •461 
Siiroy  cooling  pond.  Sharp  mill.    Rogers. '326 

Sprayers.  Oil •SOS,  '244 

Srirlngfleld  escapes  floods.     Hoppes 578 

Springs    for   pop   safety   valves.   Testing. 

Mnttlson     ^347 

.Stack.      See  also  "Chlmnev."   "Smoke." 

Slack,   Curious  smoke,    Keokuk.   la •891 

Stark  erection  with  motor  truck 837 

Stack  lining.   Vltrlbestos 282 

Stacks.    Steel.    Deterioration    of.      Prime 

Movers  Comm.  of  N.  E.  L.  A 803 

Standard    horsepower.       Kent     109.     163. 

684,  Ed.  12.->.  LIddell  164,   Poole .388 

Standard — The  myrlawatt 101.  800,  017 

Standards,   Natl.  Tube  Co.'s  Book  of....t3fl1 
Stiindlford.     Pump  working  under  water.  ^740 

Standplpe.   Pressure  In.      W.  P ^723 

Starting  gas  engine.     Westwood 'til 

Station    records.    Heating — Report 842 

Slay-holt  queHtlonH 30.  834.   873,  910 

Stay  holts.   Flat  surfaces  supported  by — 

Correction   102 
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Steam.       See     also     "Boiler,"     "Engine," 
"Turbine,"    "Pump,"    "Gage;,"   "'Con- 
denser,"   "Piping,"    "Trap,"    "Heat- 
ing,"  "Superheated." 
Steam  consumption  determination.    Smith. ^441 
Steam   consumption,   4-valve   engines....    546 
Steam  decomposition  by  heat ;  the  steam 

„^     jet.     Gill    113 

Steam   flow   through   pipes.      Carpenter.  .  •SIO 
Steam       generating       unit       guarantees. 

Peebles    148 

Steam  in  producer  room.     Eastman 378 

Steam     jet   smoke     prevention     system, 

Scharf    ^411 

Steam,  Latent  heat  of 92 

Steam-loop    and     gravity-return     system. 

Hawkins   •854 

Steam  mains.  Underground,  Efficiency  of. 

Gifford    •862 

Steam,  Mud  in.     Talbot 679 

Steam  properties.   Calculating 647 

Steam  regenerators.     W.  T.  F 757 

Steam  stuff,  Term  for  345,   Palmer  505, 

722,  Bailey    722 

Steam,  Superheated.     M.  L.  E 467 

Steam  velocities  and  pipe  sizes.     Ham..   558 

Steam  velocities  in  Navy ^108 

Steel  mill  pumps.     Tupper ^652 

Stencil  for  identifying  pipes •77.") 

Sterling  "Hydro-Cator"  indicator •850 

Stewart,  J.  G.  Inaccuracies  of  indi- 
cators     ♦SSI,   ^914 

Stewart,  L.  R.,  gasket  cutter *220 

Stickney.      Protective    relays •ISO 

Stoker,  New  Riley  underfeed ^483 

Stoking  grate,  Regan •892 

Stoneieigh  Abbey  Diesel  engines •ol 

Storage  battery.     See  "Battery." 

Storage  rooms.  Temperature  of ^748 

Strainer  for  trap.     Little •SO 

Strainer,  Lagonda  multiple  water ^257 

Stringham-Elmendorf   nebulizer ^205,   206 

Strohm.     Hank  Armstrong,  Engineer.  ...  •249 

Stromeyer.     Oil  vs.  coal 396 

Stud,  Condenser,   Repairing.     Ramsey. .  .^641 

Stud,  Safety  piston.     Rauch ^234 

Stud  threading  holder.     Harpole ♦752 

Study  course.  Engineers'  31.  64,  98, 
133.  166,  •202,  •238,  ^275,  ♦SIS, 
♦354,  *392,  •430.  ^468,  507,  544, 
♦382,  ^617,  648,  686,  ♦724,  ^758, 
796.    ^835,   874,    ^911,    Gravatt    870, 

Stafford    908 

Sturtevant     gasoline-electric     generating 

set    ♦STO 

Sturtevant  turbine  bucket  improvement.  ^523 
Substation  wiring.     Thurston  ^297.  Daw- 
son     •451 

Suction  lines.  Wavy.    Reynolds.  ♦502,  681,  754 

Suction  pipe.  Placing  large.     Nagel ^270 

Sugar  Factory  Steam  Economy.    Abraham.t283 

Sullivan  smokeless  furnace ^891 

Sulphur  in  oil.     H.  McC 616 

Sulphur,   Testing  oils  for.      Pattern 626 

Sulzer's  heating  boiler  arrangement ^21 

Sun's  radiation  to  earth 84 

Sui)r>rheated  steam — Growth   of  cast-iron 

throttle  valve 423 

Superheated     steam     with     and     without 

jacketing.      Hanszel ♦Seo 

Superheater,      Leaking      nipple     disables. 

Sheehan    ^61 2 

Superheating    notes.      Baumann,    Meier..    471 

Superintendent.   Hostile.      Leaverton •70 

Superintending  Engineers.  Soc.  of 4.35 

Surface  condenser.     See  "Condenser." 
Suspension   bridge.   Miniature.      Richards.^677 
Swimming  pool.   Boiler  capacity  required 

to  heat.     LIsk 277 

Switch — Circuit-breaker   alarm •152 

Switch,     Disconnecting,     locking    device, 

G.  E 'SS 

Swilehboard  losses.     Jackson 375 

Switchhoard  meters,    Westlnghouse  black 

dial    '450 

Sylphon   regulating  valve •785 

System  in  charging.     Booth 474,  831 

T 

Tact,  The  value  of 58 

Tait.      Gas-engine   refrig.  plant ...•122 

Taking  chances.     Chester  461.   Ed 4.59 

Talbot  water-tube  holler.     Heath ^443 

Tangye.  James.  Death  of 654 

Tank,    lilowofT,  explosions 321,  681 

Tank  caiiacltv  formula.     Way 717 

Tank.    Combined    supply    and    discharge 

for.      Mayers •271 

Tank  diameter.     H.  V.  W 685 

■riink.     Feed-water,     Water     hammer     In. 

Ilaeusser    •107 

Tiink    gage.      Halsey •789 

I'Muk.    Horizontal    cylindrical.    Height   of 

water  In.     K.  T.  R 420 

r.iuk  Indicators,     Itlehl  •lOS,  Storey ^223 

Tank  Indlcatfu-.  Sti'rllng  "Ilydro-cator"  .  .  •S.'iO 

Tank.    Iron,    collapsing  strength 165 

TMnk.    Oil.    piping    problem •502,  683 

Tink.  Pump  to  till.     J.  P.  C 467 

Tank.     Return,     and    automatic     control. 

llalTord    ^307 

Tank.      .Submerged,      Stopping      leak      In. 

Itohertson    •lon 

Tank.   Water,   burst.   Ohio.    Ill •513 

Tanks.  Bumped  and  dished  head.  Calcu- 
lating  capacity    of ^432 

Tnr  oil,  Diesel  engine  using •264 

'I'ecbnics,  History  of  460.  Matschoss 475 
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Temperature,       Feed  -  water.       Increases. 

Briggs    •OOe 

Temperature  of  storage  rooms ^748 

Temperature  regulator,   Sarco  water *433 

Temperature,  Room,  and  radiating  sur- 
face.    Allen   379 

Temperature    tests    on    journal    bearings. 

Bennett    ^848 

Tenants,  What  they  pay 750 

Terry  turbines.  Testing.     Allen •808 

Terry  turbines.   Vertical 776 

Test  boards.  Meter.     Cassard •778 

Tester,   Am.   hyd.   dead-weight '9 

Testing.  See  also  "Leakage."  "Boiler," 
"Ground,"    "Electricity,"    etc. 

Testing  alternators.      Barton '565 

Testing  auxiliary  machinery 57 

Testing    for    dynamo    and    motor    faults. 

Mossman    ^527 

Testing  laboratories  list.  Compiling 601 

Testing  small  Terry  turbines.     Allen.  .  .  .•808 

Tests.   Boiler,   Analyzing.      Bement ^912 

Tests,  Boiler,  on  shipboard 892 

Texas  &  Pac.  loco,  boiler  explosion •SOO 

Textile  mills,  power   matters.      Dean....    650 

Thawing  pipes.     Wilson  26,  Adams 425 

Theory   and  practice — Cartoon •eOS 

Thermodynamics,   Engineering.      Lucke. .  .  t921 
Thermometer    readings    on    high-vacuum 

condensers.      Carpenter 681 

Thermometers.   Storage-room,    Installing.  ^748 
Thermometric  scale    conversion.      Cary..    219 

Thermostat  troubles.     Bromley 532 

Thompson.  Mechanical  Equipment,  Fed- 
eral  Buildings    t68 

Thorkelson.  Graphical  solution  of  heat- 
ing problems   •20 

Thornycroft  oil  burner ^205,  206,   ^245 

Thread-Tight   pipe   compound 740 

Threading  studs.  Holder  for.     Harpole.  .^752 

Three-wire  or  two-wire  system 581 

Three-wire  system  with   rotary  balancer. 

Bennett    ^490 

Throttle    valve.    Cast-iron,    Growth 423 

Throttle  valve  repaired.     Low •829 

Thrust  bearing,  Kingsbury •667,  918 

Thurston.     Substation  wiring •297,   '451 

Tide,  Low — Unpreparedness 640 

Timble.      Essentials  of  Electricity t361 

Toledo  pipe  cutter '776 

Topeka's  lighting  plant  report 802 

Torch.    Boiler-inspection.      Mowat •718 

Torque,  Motor.      Morrison 259 

Torque,    Signification   of.      Van    Winkle..  •319 
Transformer  frequency.  Decreasing.     An- 

nett   ^631 

Transformers,   Waterbury  plant '178 

Transformers,   Wiring.    Thurston .  .♦297,   ^451 
Trap.  Boylston  improved  steam.   Western 

Klelev  Steam   Specialty  Co.'s •243 

Trapezoidal  area.  Halving.     C.  J.  B *910 

Traps.  Steam.  Points  about.  Little  59, 
(Traps  and  piping  of  return  sys- 
tems)  Peiler  463 

Trautmann.      Soot  and  cinder  arrester.  .  ^774 
Trautschold.      Oil   as   fuel.    'SIO,    Jacket- 
water   requirements  of  internal-com- 
bustion  engines    ^494.    Producer   gas 

quality    634 

Triangles — Engineers'  study  course ^238 

Trimont   monkey   wrench ^630 

Trolley  system.  F.  T.  monorail ^293 

Troubles  of  the  trouble  man 640 

Tube.     See  also   "Boiler." 

Tube  expanding  beading  tool.  Moore. ..  .^255 

Tube  failures.  Berkshire  St.  Ry 95 

Tubes,  Boiler.  Buckling 61.  427,  614 

Tubing.   Ela.'itic  corrugated.  Mnclejewski'8.*815 

Tungsten   lamp    discoloration 723 

Tunnels,   Conduit.    Packard  plant *145 

Tupper.     Steel  mill  pumps ^652 

TtlRBINE.   INTERNAL-COMBUSTION. 

— Gas-propelled  water  turbine.  Dunlop's. 'iOI 

— OH    turbine.   Gavin   &   Inrlg's 496 

Tt'RBINE.    STEAM. 

— Accident,  Lessons  of.     Knowlton 49 

— Advantages,  Steam  turbine.    Leese  514, 

Pearce    870 

— "Aqultanla's"  power  equipment ^663 

— Bearings,  High-speed     G.  R.  data ■42-1 

— Berecbnunir    Rollerender    Schelben    und 

Ringe.     Donatli t.->51 

— Cenfrnl    stMtlons.    Tnrblnes   and    Diesel 

engines  In.     Oercke •286.  305 

—Clearance   In   English   Curtis  turbine..      86 
-Cleveland     Elec.     Illuminating     plants 

•364,   ^41 5,   •Sie,    ^768 
--Commonwealth       Edison's       20.000-kw. 
Curtis    turbines    ^588,    Bearing    fric- 
tion    424,     SO.nOO-k.w.     Curtis     tur- 
bine        853 

Dry  air  pump.  Operating  turbine  with- 
out,    R.  A.  C 767 

—Geared   turbine — Trial  of  ship   "Calrn- 

ross."     Cairns    508 

Governor  trouble.  Correcting.     O'Brien.      27 

—  Hero's  steam   lurl.iiin.     Low •486 

— Horsepower.    Steam  (urhlne 757 

— Jacksonville  nmnlclpal   plant ^622 

— Low-pres.    turbine    experience.      Prutz- 

mnn    127 

— "Liisltanla'fl"   turbine  troubles. ..  .173.   356 

— Mixed-pressure  steam  turblnea 740 

— Mixed-pressure  turbine,  British  Thomp- 
son-Houston.    Halllwell •241 
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TURBINE.   STEAM 

— Navy,  Turbines  in.     Dyson *10,  *106 

— Perth  Amboy  central  station *36 

— Power     plant,     Fla.     phospliate     mine. 

Turner    •480 

— Pump,  DeLaval  turbine  driven ISO 

— Reverse    bucliets.    Recent   developments 
in — Sturtevant    Riedler-Stumpf    type 

improvement *523 

— ^Scale   removal.     Jolins 1-9 

— Small  steam  turbines.  Field  for.     l-.on- 

don,  Pedi  214 

— Speed  of  IJeLaval  turbine 194 

— Spiro  turbine  tests.     Coward *736 

— Steam   consumption   determination ....  *441 

— Steam  engine  and  Turbine.     Heck t33 

— Steam-gas  turbine,  Ferranti 246 

— Steam  Turbines.     Martin 1477 

— Steam   Turbines.     Wilda t476 

— Superheating.      Baumann.   Meier 471 

— Terry  turbines.  Vertical 776 

— Testing  small  Terry  turbines.     Allen .  .  'SOS 
— Textile    mills.    Turbine   vs.    engine    In. 

Dean    650 

— Thrust   bearing.   Kingsbury,   for   steam 

and  water  turbines,  etc '667,  918 

— Turbo-alternator  losses.     Lamme 118 

— Turbo-blowers  and  compressors,  Wortli- 

ington   '12 

— Turbo-condenser    problem    for    discus- 
sion— Why  vacuum  decreased.    Alien 

27,  Hurst   'eiS 

— Watertury  plant.     Rogers •176 

— Weber   Wagon   Wits."    bleeder-type   tur- 
bines     ^731 

TURBINE,  WATER. 

See  also  "Water  power,"  etc. 
— Gas-propelled  water  turbine,  Dunlop's.  •101 
— Generator  and  prime  mover  capacities. 

Rushmore  and  I.of '449 

Turbo.         See      also       under       "Turbine, 

Steam." 

Turbo  blower.  Coppus •203 

Turbo-converter,  The.     Greedy '15 

Turner.      Gas-engine    and    steam-turbine 

power  plants    •480 

Turners  Falls  development 549 


Unlflow    engine.    Compression   in 

Union.  Mark  cold-drawn  steel ' 

U.  S.  Bureau  of  Mines 102,  274,  356, 

43.5.  478,  545,  665.  711,  827,   •876,   ' 
U.   S.   Bureau  of   Standards'   horsepower. 


— Safety    valves,    Pop,    Testing    springs 

for.     Mattison   • 

— Settinff,    Valve.      Walchli    •614,    Ever- 


etc 65.  109.  125,  103,  164,  388, 

U.  S.  Navy.     See  "Navy,"  "Oil,"  etc. 

U.  S.  Steel  Corp.'s  gas  power 

Unpreparedness   

Utah — Plant  construction  record 

Utz.    Operating  costs  of  small  gas  engine 

power  plant    *224, 


853 
640 
100 


Vacuum  at  high  altitude 834,  873 

Vacuum,    Decreased    turbine.      Allen    27, 

Hurst   "ein 

Vacuum  gage.  Testing.     H.  F '97 

Vacuum,  High,  apparatus.  Care.     Treeby.  645 

Vacuum,  High,  for  engines.     Dean 650 

Vacuum  questions  for  discussion.     Blake.  •5.'19 

Vacuum  troubles,  steam  heating .")32 

Vacuum,  WhatV — Morison's  views 346 

Vacuum,  Why  not  higher  V     Shew 867 

VALVE. 

See  also  "Blow-off."   "Poppet."   "By- 

I>ass,"   'Pump,"  etc. 

— Allis-Chalmers  engine  valves 96,  643 

— Check  valve  tests,  Hartford 209 

— Check  valves  relieve  trouble.     Sweetser  674 

— Cooper  gravity  latch  gear •141 

— Corliss  valve  advantages.     J.   P 723 

— Cutoff  gear.  Deranged.     Sherman '425 

— D-slide  valve  setting.    E.  D 30 

— Deck,  Pump  valve,  cracked.     Ranch  29, 

Tonkin    62 

— Exhaust  valve  trouble.     Grey 823 

— Exhanst  valves  inverted.    Hunter  •426. 

Brann    684 

— Gate  valve,   .Jenkins  brass ^544 

— Gate  valve.   Lunkenheimer  "Victor" . . .  '849 

— Gate  valve  repair.      Ramsey ^539 

— Governor  valves   for   gasoline   engines. 

Watson    »300 

— Multiport   safety   exhaust-outlet  valve, 

Harrison    "Cochrane" 764 

— Nordberg  long-range  valve  gear ^738 

— Overhead     valve.     Manipulating,     from 

floor  by  cord.     McGeery •6S0 

— Pressure  controlling  valve.  Dronsfleld.    *80 
— Pump    valve.    "Ideal"    armored,    Lake 

Erie    777 

— Pump  valve  "slam."     H.  W.  W 274 

— Pump  valves.  Adjusting  lost  motion  in. 

Hurst   •3.S5 

— Reducing  valve.  Auld  "Quitetlte" •219 

— Reducing    valve.    Home-made;    blowoff 

valve  reseating  device.     Collister.  .  .  ^719 

— Regulating  valve.  Sylphon '785 

— Reseating  machine,  Abbott •Ill 

— Safety  valve  chart.     Blanchard ^235 

— Safety  valve.   Erratic.     H.   F 723 

— Safety  valve  rating  716,  Carhart t727 

• — Safety  valve  size 467,  910 

— Safety  valve  size.     N.  A 274 

— Safety  valve  sizes,  Pop 757 
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— Steam  valve.  Running  with  broken.  .  .  . 
— Stems,   Putting   in   new   Corliss   valve. 

Lee     12S.     Cowden     580,     Hawkins, 

Hudson   646,    Low * 

— Suddenly  opened  valve  effect 

— Suspension  bridge  for  valve " 

— Throttle  valve  growth,  Cast-Iron 

— Throttle      valve,      Leaking,      repaired. 

Low    * 

— Valve-disk  holder   repair.      Dunlap...." 
— Valve      rod.      Broken,      caused      pump 

trouble.     Chapman   ' 

— Valves  inverted — Diagrams.     Hunter..' 
Van  Winkle.     Signiflcation  of  torque...." 

^'ance  compound  blowoff  valve " 

Vapor  pipe  use.     K.  F.  N 

Vaporizers    for    producers    using    wood. 

Shaw    

Ventilation.     See  "Heating  and  vent." 

Ventilators,  Acid-proof.      W.   C 

Vermont  Marble  Co.'s  plant 

Vibration  tests.  Engine.     Parker 

Victor  gate  valve.   Improved ' 

Visiting — Be  neighborly 

Vitribestos  stack  lining 

Voltage  across  lamp.     McKelway 

Voltage,   Loss  of.      P.   S.   723,   McKelway 

Voltage  on  short  circuit ' 

Voltages,    Unequal   generator.      II.    J.    B. 

506,  Poole   

Volumetric  efficiency.  Air  compressor.  .  . . 


'233 
'426 
319 
208 
237 


616 
737 
309 

849 
159 
282 
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Collins. 


Wages.   Amazon   River. 

Wages.   I'-ugineers' 

Wagner.     Cleaning  blast-furnace  gas .... 

Waldron.  Elec.  elevator  questions  and 
answers    668, 

Warehouses.  Wool,  Boston,  Gas-power 
plant  in.     Learned • 

Warwill  producer.  The.     Seager • 

Washers,   Gas.     Sampson   *821,   Wagner. 

Washington's  water  power 478. 

Water,  See  also  "Heater."  "Heating," 
etc. 

Water,  Algae  in.     A.  A.  G 

Water,   Boiler,    Silica  in.      Robie 

Water  brake — Testing  turbines • 

Water  circulating  systems.  Gas-engine 
jacket,     Wilson   •299,  Dwight • 

Water  column  recently  blown.  Why  it 
shows  higher  water  level 

Water  cooling  tower  for  small  refriger- 
ating plant.     Mossman • 

Water.  Distilled  and  raw.  Ice  making 
with    

Water,  Drinking,  systems.     Weinthal .  . .  .  * 

Water.  Feed,  heating  and  pumping. 
Weir  *146,   Wight 

Watei',   Feed,  purifying  process 

Water.  Feed,  temperature.     G.  W.  D.  . .  . 

Water.  Feed,  temperature.  Increases. 
Briggs    ■ 

Water  flow  over  weirs.  Moses  '258, 
D.TUgherty    

\V;it.i-  11, .\^-  thv-ine'i   pipe 

«  "■  '    ;'    ■■      .  ,  '    .1.-,..   Balleville ».S95, 

^^    I       -  I     -       '11  "Klinger" ' 

\\  :  i    :    -  11' i 1  of  testing  leakage . . 

\\,a,r  iKimuitr.  cracked  boiler.  Sher- 
man      ■ 

Water  hammer  in  feed-water  tank. 
Haeusser    ' 

Water  hammer  In  heater.  Vent  pipe  pre- 
vents.     Buerger ' 

Water  hardness.     E.  .1.  H 

Water  head  for  atmospheric  pressure.  . .  . 


390 
423 
391 


682 
131 
580 

487 


Water  head.  Pressure  of 

Water — Heating  swimming  pool.     Lisk .  . 

Water.  Hot,  circulating  by  compressed 
air    : 534,   ■ 

Water,  Hot.  Direct-heating  charts.  Gil- 
bert     ' 

Water.  Hot.  District  heating  by.     Lent.. 

Water.-  Hot.  heating.  Pipe  sizes  for 
forced.     Durand  455,   714,   Kent.  ... 

Water.  Hot.  heating  rules.  Ohio 

W.nter.  Hot.  meter  connection 

Water.  Hot.  piping  trouble.  Hyde  679, 
Ilurst    

Water  hotter  than  212  deg..  Feeding.  .  .  . 

Water  in  cylinder.     .T.  C.  K 

Water  indicator.   Sterling  "Hydro-cator"  ' 

Water,  Jacket,  piping,  Gas-engine.    Booth 

Water,  .Jacket,  requirements  of  internal- 
combustion  engines.     Trautschold.  .  . ' 

Water  leaves  boiler.  Walling  89.  Roos, 
Norton.  Hurd.  .Johnson  230,  Pyatt.. 

Water  level.  Fluctuating.      P.  A 

Water  level  indicators.  Biehl  *195. 
Storey    

Water  level.  Variation  of 

Water  -  measuring  in  boiler  test.  Mc- 
HoIIan    

Water  pipe  friction   loss.  Durand 

Water  pipes.  Thawing.  Wilson  26. 
Adams    

Water  power  calculation.     E.  R.  F 

Water  power  development,  Appalachian. 
Rogers    

Water  power  devel..  Deerfleld  River. 
Rogers    

Water  power  devel.,  Dundee  Falls 


616 
.543 
353 
277 


608 
862 
429 


908 
391 

467 
'850 
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Water   power  devel.   expenditures 436 

Water  power  devel.,  Minneapolis 372 

Water  power  dovel..  N.  Y.  State 536 

Waror  [-mav-i-   d.vrl..    Sr     Jnlm 551 

W;il.  r    |H.H.  )     i|.  \,  !  ,    T,,,!,,  :.    Falls 549 

\\:i1-l      l-iv.'l'    .•lilrTin  i-r      l;;ily 604 

\V:iMM    |,..«ir  I I,   i;iill  s  Bridge •176 

Wau-r    i.i.uei-    plaul.    L  uuiu-llsville 333 

Water  power  plant,  Keokuk 654,  687 

Water      power      plant,      McCalls      Ferry. 

Bromley    •656 

W.itcr    pnw.M-    plant    with    5412-ft.    head, 

Swit  :rrl:nui    762 

Willi  r  iiiivvi  I    projects,  Oregon 544 

Waiii'    i".\M  I     station.    Unusual — N.    W. 
Elec.     Lu.s,    White    Salmon    River, 

Wash 81)3 

Water  power  systems.     N.   E.   L.   A.   re- 
ports     894,  918,  010 

Water  power  units.   Oiling   largest 687 

Water  power.  Washington 478,   593 

Walrr:    rurltication  and  Use.     Christie.  .t398 

Water,   etc.,   rheostats 'SIO.   *857,  920 

Water,   River,   used  eight  times 72 

Water  softener — Permutite 548 

Water  softening  plant  experiences.    Dick- 

m.in     386 

W'lttiT    -tonnt     in'    NniiT^s;   for.. 345    505    'r'*2 

W'li''       ■iiiiii.'i-      l!;iL-i'iitili    niiiUi'pIe.' .'•257 

«:i       :      .■ill'.     '■ii!>l.    nil,"      1,' »513 

'ply    and    dis- 
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WiHii    link  loiitrol.  Auto.     Hafford ^307 

Willi  r    ii  iii|ii'iature   regulator,    Sarco.  .  .  .•433 
W.iiri.  liile,  Ulis  receiver  ;  city  water  Alls 
t'.vliaust  main  and  blows  off  cylinder 

heads.      Cultra in.S 

Water   turbine.   Gas-propelled •lOl 

Water  turbine  supply.     J.  A.  B 757 

Water    vapor    of    air.    Heat    carried    up 

chimney  by ^47 

Water  weigher,  Kennicott,  medal 704 

Water,  What  becomes  of — Cylinder  lubri- 
cators.     Thurston 'SOO 

Waterbury     and     Bull's    Bridge     plants. 

Rogers    : .  .'176 

Waterwlieel  and  generator  capacities.  ..  .*440 

Watprwheel,  Large.     Pelton 377 

Watson.     Gaso.  engine  governor  valves..  *300 

Woher  Wagon  Wks.  plant.     Maujer ^730 

Weigher.  Avery  automatic  liquid •.360 

Weighing  ammonia,      Ophiils •190 

Weights  of  various  materials '562 

Weinthal.     Drinking  water  systems ^343 

Weir.  W.  Marine  condenser  development 
•76.  *332,  Independent  air  pump 
♦134,   *504,  Feed  water  heating  and 

pumping    •146,  390 

Weirs.    Water    flow    over.      Moses    •258, 

Datighertv    682 

Wrlilliig   boilers.    Bailey 718 

Will,   lii'ep.  pump  problem.     Chuisana.  .  .'eil 
\Viiitw<irtli.      Oil   engine  observations...  ."338 

Western  Kieley  "Boylston"  trap *243 

Westinghouse     black-dial     meters     •450. 

Liquid  rheostats   •819,  920 

Westinghouse-Leblanc  condensing  equip- 
ment     ^510 

Wheel.     Fly.     Bursting,    Alpha    Portland 

Cement  Co.'s.  causes  two  deaths.  .  .  .•915 

Wheel.  Fly,  key  guards.     Strachan ^615 

Wheeler-Balcke  natural-draft   tower ^412 

Wheeler  Cond.  &  Eng.  Co.  building  A.  E. 
G.  t.vpe  turbo  air  pumps  102.  Large 
high-vac.  condenser  of  111.   Steel   Co. 

tested    ^278,  756 

When  and  what  to  accept 903 

Whistle   signal.    Auxiliary   pump *690 

Whistling  pump.      Robertson 753 

White.  W.  H..  Death  of 362 

Wilda.      Steam   turbines t476 

Williams.  I^ake  Shore  generating  plant 
•364,    Condensing    equipment    ^516. 

Coal  and  ash  handling ^768 

Wilson.  A.  C.  Smoke  prevention  289. 
Gas-engine  jacket  circulating  sys- 
tems     *299.  •571 

Wilson.     T.       Training     engineers.     Yale 

•772.  Woolworth  Rldg.  power  plant.  *884 
Winter     work     in      refrigerating     plant. 

Ophiils •420,  572 

Wire  required,  different  systems 30 

Wire  resistance  by  slide  rule.    Moore.  ...    151 

Wire   size   required.      B.   F.    H 723 

Wiring  computer.  Simplex  Co.'s 337 

Wiring  diagrams.   Studying 787 

Wood  or  coal.  Burning 274 

Wood  refuse  as  fuel •730.  745 

Wood.      Vaporizers     for     gas     producers 

using.     Shaw   87 

Wooden  pipes  and  casings •714 

Wool     warehouses.     Boston.     Gas     power 

plant  in.     J^earned ^569 

Woolworth    Blclg.    power    plant.      Wilson 

•,SS4.   Engineer's  salary 787 

Worm  gear  lubrication.     Booth 90.5 

Worth  while.  Is  It? 460 

Worthington  turbo-blowers  and  compres- 
sors        ^12 

Wrench.  Trimont  hammer-head  monkey.  .•630 
Wristplate  centerpin  fracture  cause 30 


return  tank.     I.  M. 
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The  Prudential  Insurance  Co.  Plant 


By    Charles   II.   Bi!oiili;y 


SYXOPSIS — The  potrer  equipment  for  a  great  group 
of  office  Luildings  is  fully  described.  This  plant  is  par- 
ticularh/  interesling  for  the  completeness  of  its  equip- 
ment and  its  remarkable  growth. 


Fig.  1.  Boiler  Room.    New  Section 

The  Prudential  Insurance  Co.'s  plant,  at  Newark, 
N.  J.,  which  supplies  power  to  the  company's  group  ot 
oflBce  buildings,  is  remarkable  for  its  growth.  Twenty 
years  ago  the  plant's  capacity  was 
about  50  hp. :  today  it  is  5000,  of 
which  1500  is  electrically  devoted. 
Few  office-building  plants  attain  so 
rapid  a  growth. 

In  1002,  the  "old  plant"  was  com- 
pleted and  subsequently  in  1911,  the 
"new  plant"  was  installed  to  fur- 
nish power  to  additional  buildings, 
provision  being  made  for  future  in- 
creased demand. 

The  plani  occupies  most  of  the 
block  bounded  by  Broad,  Academy, 
Bank  and  Halsey  Sts. ;  the  engine 
rooms  are  entirely  visible  from  the 
streets.  The  boiler  room  is  in  two 
sections  and  is  on  the  street  level.  It 
is  spacious,  admirably  ventilated  and 
lighted,  as  the  .skylights  are  large,  and 
the  walls  are  finished  in  white-enam- 
eled brick. 

There    are    12    water-tube    boilers,  FiG. 


eight  of  which  are  of  250  hp.  each  and  arc  in  the  old 
section,  while  the  remaining  four  are  of  550  hp.  each, 
and  are  in  the  new  section.  Those  in  the  old  section  are 
of  the  two-drum  type,  while  those  in  the  new  section 
are  of  the  three-drum  type.  They  are 
supplied  with  forced-draft  from  two 
engine-driven  fan  blowers  of  10-ft. 
diameter  in  the  cellar  under  the  boil- 
ers with  the  air  intake  on  top  of  the 
boilers  to  obtain  the  heated  air  and 
force  it  under  the  grates. 

Xo.  1  buckwheat  coal  is  luirned, 
and  supplied  by  gravity  to  semi- 
circular boxes  in  front  of  the  boilers 
through  extra  hea\'y  chutes  from  bins 
of  600  tons  capacity  each,  above  the 
boiler  room.  The  chutes  in  the  new 
section  extend  vertically  to  avoid  the 
excessive  wear  experienced  with  the 
inclined  ones  in  the  old  section.  The 
coal  first  passes  through  automatic 
weighing  and  registering  machines 
under  the  .sidewalk  at  the  head  of 
each  belt  conveyor,  which  carries  it 
into  the  cellar  where  it  is  dumped  in- 
to bucket  conveyors  that  raise  it  to 
the  overhead  bins.  The  ashes  are 
dropped  from  hoppers  under  the  grates 
directly  into  the.se  conveyors  and  car- 
ried by  them  to  trippers,  which  dump 
them  into  chutes  leading  to  ash 
chambers  over  each  driveway  in  each 
boiler  room  from  which  they  may  be 
loaded  directly  into  wagons.  A  view 
of  the  new  boiler  room,  showing  the 
vertical  coal  chutes,  may  be  seen  in  Fig.  1. 

After  the  new  boilers  were  in.stalled  and  carrying  the 
entire  load,  the  grate  area  of  the  old  ones  was  enlarged 
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by  placing  the  bridgewall  back  2  ft.,  thus  giving  the 
grates  a  depth  of  9  instead  of  7  ft.  The  average  daily 
coal  consumption  is  50  tons.  The  C0„  production  av- 
erages 15  per  cent.  This  serves  to  indicate  the  thorough- 
ness of  the  boiler-room  equipment  and  the  excellency  of 
firing.  Damper  regulators,  draft  gages  and  a  record- 
ing pyrometer  are  also  provided. 


A 


Fig.  4.  Old  Engine  Room,  Elevator  Pumps  in  FoiiEGiiouND; 
Gi:NEiiATiNG  Units  in  Rear 


Steam  at  150  lb.  is  led  to  headers, 
the  J)iping  of  which  is  .so  arranged 
that  any  number  of  boilers  in  either 
section  may  be  cut  in  or  out  of  ser- 
vice without  interruption  of  the  steam 
supply.  Xon-return  .stop  valves  are  in 
all  lines  from  the  boiler.s  to  the  head- 
ers. -A  separate  steam  line  is  run  to 
one  of  the  250-hp.  engines  so  that 
ordinary  steam  main  troubles  will 
cau.se  no  interruption  of  the  electric 
service.  The  same  is  true  of  lines  to 
I  lie  feed  pumps  and  injeetors.  Fn- 
internipted  .service  is  the  chief  con- 
sideration in  this  plant,  f'ity  water 
is  filtered  and  heated  by  exhaust  steam 
to  212  deg.  F.,  before  going  into  the 
lioilers,  a.s  shown  by  a  recording  ther- 
mometer, the  temperature  being  au- 
tomatically    controlled     by     a     com- 


pressed-air-operated thermostat  controlling  the  admis- 
sion of  steam  to  the  heater.  The  feed  pumps,  located  in 
the  cellar,  are  of  the  duplex  vertical  type. 

Engines  and  Generatoks 

There  are  two  engine  rooms,  one  floor  below  the  stree( 
level,  but  with  ceilings  rising  to  the  floor  above  this  level. 
The  old  engine  room  fronts  on  Bank 
and  Halsey  Sts.,  and  the  new  one  on 
Academy  and  Halsey.  They  are  sep- 
arated by  the  boiler  room  and  refrig- 
eration plant  through  which  leads  a 
passageway  connecting  them  on  the 
same  level.  This  passageway  greatly 
facilitates  communication  to  and  from 
each  engine  room. 

Previous  to  the  new  three-wire 
tern  installation,  120-volt  generator 
were  used  on  a  two-wire  system.' 
These  were  displaced  by  S-tO-volt  gen- 
erators, which  are  used  throughout; 
all  are  directly  connected  to  their  en- 
gines. 

The  change-over  from  the  120-volt, 
two-wire  system  to  the  2-10-volt,  three- 
wire  system  was  made  without  an  in- 
terruption of  service.  It  must  be  re- 
membered that  the  wiring  throughout 
all  the  buildings  had  to  be  likewise 
changed  and  this  was  also  done  with- 
out interrupting  the  service.  All  of 
this  required  installing  temporary 
switchboards,  panel  boxes,  circuits, 
etc. 

In  the  old  engine  room  are  three 
250-]i]i.  and  one  175-hp.  horizontal 
tandem-compound  four-valve  non- 
condensing  engines  each  directly  con- 
nected to  240-  and  150-kw.  genera- 
tors respectively. 

The  two  units  in  the  new  engine 
room  are  of  the  vertical  cross-com- 
pound type,  and  of  750  hp.  each,  di- 
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reetly  connected  to  500-kw.  generators.  The  foundation 
for  another  of  these  large  units  is  provided  alongside 
the  present  ones.  All  units  are  noncondensing.  The 
uew  engine  room  and  the  new  units  are  shown  in  Fig.  2. 

SwiTCHBOAltD 

The  switchboard  (Fig.  3)  is  of  the  remote-control  type, 


reflector,  which  throws  light  over  the  entire  board.  Space 
would  not  admit  of  placing  the  contactor  board  in  the 
eno-ine  room,  so  it  was  located  in  a  small  room  in  the 
cellar,  as  nearly  central  to  the  generators  and  point  of 
distribution  to"  the  sub-switchboards  as  possible.  Con- 
nection of  the  generator  leads  could  not  be  made  in  the 
o-enerator  pits,  so  contractor  panels,  each  having  a  volt- 


Pipe  Runway 
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Fig.  .5.  Diagram  of  Prudential  Insurance  Co.'s  Plant,  Showing  Location  of  Equipment 

located  in  the  old  engine  room,  and  is  considered  the  meter,  ammeter,  positive,  negative  and  equalizer  solenoid- 
finest  of  TtskfndTn  th^  world,  in  impressive  decorative  operated  switches  controlled  by  pull  switches  on  he  main 
feature  0  the  board  is  the  two  art  bronze  columns  at  control  board  were  insta  led.  These  pn^l  ^-t^l-  ha^« 
Tach    nd   npportin_.  the  head  work  and  the  mottled  glass  both  electric  and  mechanical  signals  to  show  whether  the 
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fircuils  ai'L'  open  or  iIos(m1.  Two  lialaiicer  sots  i-ajuible 
of  cariug  for  an  imbalance  of  iSOU  amp.  establish  the 
neutral  leg.  The  busbars  of  the  generatoi'  panels  con- 
netl  to  large  main  busbans  tliat  are  run  iinder  the  old 
boiler  room  and  there  connect  with  the  busbar  leads 
from  the  generators  in  the  old  en- 
gine room. 

Telephones  and  a  push-button  sig- 
nal system  permit  code  signaling 
from  and  to  both  engine  rooms.  A 
gong  on  the  control  board  operated 
through  a  relay  on  the  generator  con- 
tactor panels  continues  to  ring  when 
a  circuits  opens  until  stopped  by  the 
operator.  The  affected  circuit  is  also 
indicated  by  signal  lamps.  As  it  is 
most  important  that  the  plant  and 
cellars  be  not  in  darkness,  plug- 
switch  receptacles  connected  to  lines 
from  the  generator  panels  are  pro- 
vided. If  a  generator  circuit  is 
opened,  the  plugs  may  be  inserted  in 
any  pair  of  terminals,  thus  connecting 
the  lamp  circuits  back  of  ail  circuit- 
breakers. 

Motor-generator  sets  furnish  cur- 
rent at  2-1  volts  for  all  annunciator, 
clock  and  signal  service,  no  battery 
teing  used.  The  sets  and  low-tension 
switchboard  are  shown  at  the  right 
in  Fig.  2.  The  low-tension  system 
complete  is  said  to  be  the  most  elabo- 
rate ever  installed.  This  is  due  to 
the  size  and  number  of  buildinfjs. 


aiiel  tlireo  hoists  which  oi)erate  under  750  lb.  with  a  suc- 
tion pressure  of  75  lb.  There  are  seven  electric  elevators 
in  the  Broad  St.  end  of  the  north  building,  four  of  which 
are  of  the  high-speed  traction  type  and  three  of  the  drum 
type.    There  are  also  eight  electric  dumb  waiters. 


•A     Feeder  Main 
fo  Engines 


CoAriM.KTi:  Oil  Svstkm  in  thk  Pi!tTrji:NTi.\L  Plant 
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There   are   36    high-.speod,    high-geared,    |>luiigfr    pas 
aenger  elevators,  two  of   the  direct-acting  plunger  type 


The  three  high-]iressure  elevator  pumps  an^  of  the 
triple-compound  flywheel  type.  Tlu'sc  an-  in  ihc  olil 
engine  room  and  are  shown  in  the  foivgrouml  of  Fig.  4. 
I'his  view  also  shows  the  old  generating  luiits.  A  smaller 
duplex  compound  i)ump  for  night  and  Sunday  service 
is  also  provided.  All  pumps  are  controlled  by  valves  in 
the  steam  line  operated  by  cables  actuated  from  the  ac- 
cumulators. Special  safe-lifts  operate  under  ti.jOO  lb. 
pressure  supplied  by  a  special  pump. 

As  high-pressure  (loO-lb. )  water  service  obtains  in  the 
plant,  it  is  proposed     to    ((Uiiiect    a    high-l)ressure    line 
through  a  reducing  valve  In  the  pilot-water  system  ami 
also   connect   this  .sy.stem    "illi    ilic   sewer.     This   wduld 
admit  of  readily  cleaning  this  part  of  the  elevator  system 
iy  manipulating  a  few  valves,  as  the  reducing  valve  Mould 
maintain  the  pressure  while  the  ])um]is  were  idle. 
The  elevator-shaft   doors   are   cacb    clcrlricaily    locked 
by  a  device^  ((inti-ollcn    through   con- 
tacts made   by   I  lie   moxemeiit  of  the 
car.      This    |ii'c\ciits   accident,   as   no 
door  can  !)(>  opciu'd  until  the  car  is  at 
that  door.     All  cars  liave  nu'tcrs  that 
register  the  travel  in  milrs.     This  ad- 
mits of  accurately  d<'tcniiiniiig  by  ref- 
orcnce  to  record  the  wearing  (jualilies 
of  the  cables,  etc. 
A  diagram  of  the  entire  plant  showing  the  location  of 
the  machinery,  artesian  wells,  tunnel,  lavatories,  etc.,  is 
•riven  in  Fifj.  o. 
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Two  35-ton  absorption  plants  connected  in  multiple, 
cool  all  drinking  water  nsed  throughout  the  buildings  to 
40  cleg.  F.  The  generators  are  operated  entirely  by  ex- 
haust "steam.  Motor-driven  centrifugal  pumps  furuish 
condensing  water  and  motor-driven  triplex  pumps  cir- 
culate the  cooled  water  through  the  various  lines.  The 
generators,  absorbers,  condensers  and 
ammonia  circulating  pumps  are 
shown  in  Kg.  6. 

Two  engine-driven  air  compressor- 
are  in  the  refrigeration  plant,  fur- 
nishing air  at  T5  lb.  for  lifting  water 
from  four  driven  wells,  which  supply 
300,000  gal.  daily.  City  water  was 
formerly  used  for  house  purposes,  but 
well  water  is  now  tised,  which  has 
effected  a  saving  of  many  thousand 
dollars  in  the  cost  of  water.  Due  to  its 
constant  low  temperature  this  water 
is  excellent  for  use  in  the  condensers 
of  the  refrigeration  plant.  The  cost 
of  operating  the  refrigeration  plant 
is  chiefly  that  incurred  by  pumping, 
as  the  exhaust  for  operating  it  is  most 
pleutifid  when  the  demand  on  the 
plant  is  greatest,  i.e.,  in  the  sum- 
mer. The  condenser-water  circulat- 
ing pumps  are  of  the  motor-driven 
\olute  ts'pe,  while  the  drinking-water 
circulating  pumps  are  of  the  motor- 
driven  triplex  bronze-plunger  type. 
The  house-water  pressure  is  80  lb., 
which  is  that  due  to  the  head  of  water 
from   n   tank   in   the   Xorth  building 


tower.  The  tower  is  beautifully  decorated  with  lamps 
and  at  night  is  the  most  imijosiug  feature  of  Newark's 
illumination. 

Oil  Stoeage  axd  Distkibutiox   System 


On  account  of  the  scattered  location  of 
engines,  pumps,  etc.,  the  distribution  of  oil 
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a  problem  best  overcome  liy  the  oil-storage  and  distribu- 
tiou  system,  designed  especially  for  the  plant  by  its  chief 
and  assistant  chief  engineers,  who  also  designed  the  oil 
filters,  which  will  handle  two  barrels  an  hour.  The 
filters,  shown  at  the  top  of  Fig.  7,  have  run  over  a  year 
without  cleaning  and  the  oil  leaving  them  now  is  per- 
fectly clean.  There  are  two  sets  of  filters  so  piped  as  to 
allow  of  quickly  changing  over  if  one  should  overflow. 
This,  however,  lias  never  happened,  owing  chiefly  to  the 
am])le  head  at  the  filter  inlet. 

The  oil  is  handled  as  follows: 

In  barrels  it  is  dro])ped  from  the  street  to  the  "oil 
room"  by  a  sidewalk  lift.  From  the  barrels  it  gravitates 
through  fill  pipes  to  receiving  tanks  in  the  cellar,  as 
shown  in  Fig.  7.  When  the  barrel  is  empty  the  valve 
in  the  fill  pipe  is  closed,  compressed  air  at  -l:0-lb.  pres- 
sure is  then  admitted  to  the  tank,  the  valve  in  the  riser 
to  the  storage  tanks  over  the  boilers  is  then  opened  and 
the  oil  forced  to  them.  The  compressed  air  is  taken 
fiom  the  receiver  supjilying  the  deep-well  water  air-lift 
system.  The  receiver  pressure  is  75  lb.,  but  is  stepped 
down  to  40  lb.  by  a  reducing  valve  before  being  used 
in  the  oil  tanks.  When  the  oil-receiver  tank  is  emptied 
the  valve  in  the  riser  is  closed  and  the  air  pressure  cut 
oft'.  The  oil  then  gravitates  through  the  feeder  mains 
to  the  engines.  Thence  it  runs  to  a  receiver  and  small 
duplex  pump  in  a  jjit  and  continues  to  the  filters  over  the 
storage  tanks,  the  oil  runing  by  gravity  to  the  storage 
tanks  from  the  filters.  The  cylinder  oil  gravitates  to  all 
lubricators  and  oil  fountains  throughout  the  plant.  Tlie 
system  works  admirably,  the  only  trouble  encountered 
being  the  plugging  of  the  valves  of  the  "dirty  oil"  pump 
with  waste  which  gradually  accumulates.  This  is  obvi- 
ated by  cleaning  the  pump  chambers  frequently.  All 
machines  (except  a  few  pumps)  requiring  internal  lu- 
lirication  have  force-feed  lubricators. 

Drips  axd  Draixs 

The  drainage  or  sanitary  sewage  is  mostly  below  the 
sewer,  so  it  is  run  into  a  receiver  in  a  sumj)  below  the 
lowest  drain  level.  From  the  receiver  it  flows  to  an 
ejector,  which  discharges  it  to  the  sewer.  The  ejector 
has  a  float,  raised  and  lowered  by  the  level  of  the  liquid 
within  it,  which  operates  a  valve  in  a  compressed-air  Ime 
when  the  e.jector  is  full  and  allows  the  air  to  enter  and 
force  the  liquid  to  the  sewer.  The  ejector-inlet  pipe  has 
a  check  valve  to  prevent  the  liquid  from  running  out 
when  discharge  occurs.  A  check  valve  in  the  discharge 
pipe  prevents  any  inflow  from  the  sewer.  The  above  ap- 
plies to  the  "new  plant"  only.  In  the  "old  plant"  the 
drainage  collects  in  pits  from  which  it  is  pumped  to  the 
.«cwer  automatically. 

The  drips  from  the  steam  headers,  mains  and  all  pi])- 
ing  in  the  "new  jilant"  are  tra])])ed  ami  collected  in  a 
receiver  below  the  traps.  They  are  then  carried  to  a  dis- 
charge chamber  at  the  top  of  the  boiler  house  and  from 
there  are  discharged  into  the  boilers.  The  drips  in  the 
old  plant  are  trii|ipi'd  and  discharged  into  the  feed-water 
lii'Mter. 

^'A(■^  TM    ('l,KANi:i(S 

The  vacuum-cleaning  ])lant  is  dixidcd  inlo  two  sec- 
tions, one  in  the  basement  of  the  Main  building,  tbo 
other  in  the  basement  of  the  new  Xorth  building.  At 
present  the  one  in  the  Main  building  takes  care  of  the 


ilain.  Prudential  and  West  buildings,  while  the  other 
two  machines  furnish  vacuiim  for  the  North  and  Xew 
Xorth  buildings.  Only  those  in  the  Xorth  building  are 
shown  in  Fig.  5. 

The  machines  are  motor-driven,  as  shown  in  Fig.  8, 
which  illustrates  the  Xorth  building  machines.  The 
vacuum  lines  are  piped  throughout  the  entire  buildings, 
including  the  boiler  and  engine  rooms.  The  tops  of  the 
boilers  and  headers  are  cleaned  by  vacuum. 

Machine  Shop 

There  is  a  complete  machine  shop  for  doing  repair 
work  and  making  new  parts  for  worn  machines.  This 
shop  is  a  necessity  as  outside  of  the  many  repairs  to,  and 
new  parts  to  be  made  for  the  equipment,  there  is  much 
work  to  be  done  and  renewals  needed  by  the  kitchens  and 
printing  establishment.  The  latter  occupies  nearly  all 
of  the  West  building.  The  four  lower  floors  are  crowded 
with  printing  machinery,  the  minor  repars  to  which  are 
in  charge  of  the  chief  engineer. 

The  shop  equipment  consists  of  three  quick-change 
lathes,  one  26-in.  swing,  18-ft.  centers,  and  two  16-in. 
swing  and  l-t-ft.  centers;  four  vertical  and  one  radial 
drill  presses,  two  shapers,  two  emery  wheels,  two  power 
hacksaws  and  two  grindstones.  All  except  the  grind- 
stones are  driven  by  direct-connected  individual  motors. 

Records  axd  Data 

Fig.  9  shows  the  engineers'  daily  report  sheet.  One 
of  these  is  made  out  for  each  of  the  three  watches.  The 
report  sheet  is  very  complete  and  yet  is  not  burdened 
with  useless  items.  There  is  also  a  weekly  report  sheet, 
filled  out  by  the  foreman  of  the  elevator  repairmen.  This 
report  includes  the  headings:  Location,  under  which  is 
recorded  location,  number,  aud  kind  of  each  car,  Dumh- 
iraitrr  and  Hoist,  CyUiiders  and  Flunrjer,  Sheaves,  Op- 
erating Valves,  Car  and  Safeties,  Cat)les,  Counter  Read- 
ings and  SuppJies  Used  and  Wanted.  At  the  bottom  of 
the  sheet  space  is  left  for  reporting  the  condition  of, 
and  the  repairs  to,  each  of  the  nine  accumulators. 

A  card  system  is  kept  on  which  is  recorded  all  data 
relative  to  each  of  the  great  many  motors  throughout 
the  buildings,  the  kind  of  service  performed,  size,  num- 
ber; size,  number  and  kind  of  brushes,  kinds  of  repairs 
and  renewals  and  dates  made  are  all  recorded  on  these 
cards,  one  of  which  is  made  out  for  each  motor.  The 
pnrjjose  of  these  cards  is  to  facilitate  the  ordering  of 
parts. 

Besides  the  varioiis  filled-in  report  sheets  are  the 
charts  from  the  recording  instruments,  which  are  ])ro- 
vidcd  wherever  needed.  The  records,  therefore,  are  ex- 
ceedingly complete. 

1>AH0I!    AND    WaI'CHHS 

Including  the  clccl  rical  division  of  the  engineering  de- 
])artmcnt,  there  are  forty  cin|iloye('s  under  the  direct 
sni>crvision  of  the  chief  and  assistant  chief  engineers  and 
a  chief  electrician.  Each  of  the  three  watch  engineers 
has  an  assistant  engineer  on  watch  with  him.  Each  man 
has  a  particular  ]iart  of  the  equipment  assigned  to  him. 
The  direction  of  the  detail  work  for  the  whole  I'lant,  ex- 
clusive of  the  electric  lighting,  is  in  charge  of  the  as- 
sistant chief  engineer. 

The  watch  cngiiipers,  their  assistants,  oilers,  switch- 
board tenders  and  firemen  work   in  S-br.  watches,  sliif  - 
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ing  about  every  two  weeks.  The  switchboard-tenders  ar-e 
in  charge  of  the  dynamo-tender,  who  is  responsible  for 
all  motors  and  generators.  The  other  men,  including 
steam  fitters,  plumbers,  pumpmen,  cleaners,  etc.,  work 
9-hr.  all-day  watches,  each  man  taking  his  turn  at  Sun- 
day work. 


the  weight  of  the  water  in  that  leg,  but  simply  its  volume, 
and  it  pushes  upward  to  c  without  pushing  the  level  at  a 
up  at  all,  because  in  its  heated  condition  the  column  ec 
weighs  no  more  jjer  unit  of  section  than  the  cooler  column 
ad. 

In  Fig.  2  it  is  shown  that  this  condition  does  not  re- 


No.  Equipment 

8     Boilers 

4     Boilers 

3     Engines 

2     Engines 


PRINCIPAL  EQUIPMENT  OF  THE  PRUDENTIAL  INSURANCE  COMPANY'S  PLANT 
Use  Kw.     Volts    .Amp.    R.p.m.  Size 


Engine 

Generators 

Generators 

Generator 

Balancer 

Balancer 

Switchboard 

Switchboard 

Motor-Generators... 

Fl>-wheel  Pumping 

Engines 

Pump 


Type 

Water-Tube 

Water-Tube 

Tandem-Conipound. 
Vertical  Cross-Com- 
pound   

Tandem-Compound. 
Direct  Current.  .  .  .  . 

Direct  Current 

Direct  Current 

Direct  Current 

Direct  Current 

Remote  Control .  .  .  . 
Remote  Controlled.. 
Direct  Current 


Steam  Generation 

Steam  Generation 

Main  Unit .17x30.118  1 

Main  Unit 21x35x30  i 

Main  Unit 

Main  Unit 250 

Main  Unit 500 

Main  Unit 150 

Load  Balance 50 

Load  Balance 30 

Electrical  Control 

Main  Contactor  Board 

Low  Tension  Electric  Sys-   .... 

High-Pres.    Elevator    Sys-  


1000 
2000 
600 
400 
240 


175 
150 
225 
925 


Pres.  Hp. 

160  250 

160  500 

160  325 


-  -  -  .      Duplex  Compound . 
2     Pumps.' Duplex  Compound. 


High-Pres.    Elevator    Sys- 
tem   

Pilot    Pres.    Elevator   Sys- 


15xl8xl8x4|x 

24  in 
12xl8Jx4xl2 

5ix7Jx6xl0 


750 
750 


Pump 

.Air  Compres-sors . 

Pumps 

Pumps 


Duplex Safe-Lift 

Single-stage Compressed  Air  Supply. 

Direct  .Acting .\mmonia  Circulation.. 

Double-.Acting  Triplex.  Brine  Circulation 


Variibie    12x5oxl2 


5Jx8  in. 


2     Pumps Single-.Acting  Triple 


ater  Circ tilation . 


Pumps 

Generators. . 
.Absorbers. . . 
Condensers . 
Heater 


Duplex Ammonia-Return. . . 

Steam  Heated Refrigeration  Plant. 

Refrigeration  Plant . 

Refrigeration  Plant . 

Open Feedwater  Heater. . . 


Pumps  - 
Pumps , 
Pumps . 
Filters.. 


Vertical-Duplex 

Compound 

Duplex-Compound. 

Duplex 

Duplex 


BoUer  Feed 12x1 

House  Water  Supply 9x4x 

House  Water  Supply 10x1 

Oiling  System 3x3  i 

City  Water  Filtration 


2     Filters Icewater  Filtration . 


1  Condensate;Return 

System 

5     Ejectors 

2  Engines 

2     Coal  Conveyors 

2     Coal  Conveyors 


Gravity  Holly  Loop.. .  Drip  Return  to  Boilers.  . . . 

Compressed  .Air Waste  Water  Lift  to  Sewer. 

Slide-Valve Forced  Draft  Fans 

Bucket Coal  Transportation 

Belt Coal  Transportation 

Balance Weighing  Coal 

Pump-12  .Sweepers..  .  .  Vacuum  Cleaning 

Pump-25  Sweepers. .  . .  Vacuum  Cleaning 


Manufacturers. 
Babcock  &  Wilcox  Co. 
Babcock  &  Wilcox  Co. 
Ball  &  Wood  EngineCo. 

Ball  &  Wood  Engine  Co. 
Ball  &  Wood  Engine  Co. 
Sprague  Elecgric  Co. 
Sprague  Electric  Co. 
Sprague  Electric  Co. 
Sprague  Electric  Co. 
Sprague  Electric  Co. 
General  Electric  Co. 
General  Electric  Co. 
Holtzer-Cabot  Co. 

Laidlow- Dunn-Gordon   Co. 

Laidlow-Duim-Gordon  Co. 

Laidlow-Dunn-Gordon  Co. 

Laldlow-Dunn-Gordou   Co. 

Ingersoll-Rand  Co. 

Foster 

DeanBros.  Steam  Pump 

Works. 
Dean  Bros.  Steam  Pump 

Works. 
H.R.Worthington  Co. 
Carbondale  Machine  Co. 
Carbondale  Machine  Co. 
Carbondale  Machine  Co. 
Standard    Steam    Specialty 

Co. 
H.  R.  Worthlngton  Co. 

H.  R.  Worthlngton  Co. 
Laidlow-Dunn-Gordon   Co. 
H.  R.  Worthlngton  Co. 
Continental    Jewel  Filtera- 

tion  Co. 
Continental    Jewel  Filtera- 

tion  Co. 
Westinghouse-Church  Kerr 

Co. 
Shone  Co. 

B.  F.  Sturdevant  Co. 
Old— .McCorbin  Co. 
New— CampbeU  Co. 
Old— McCorbin  Co. 
New— Campbell  Co. 
Richardson  Auto.  Scale  Co. 


Cle 
Kenney  Co. 


Co. 


As  shown  in  the  diagram.  Fig.  5,  the  men  are  well  pro- 
vided with  locker  rooms,  lavatories  and  tub  and  shower 
baths.  The  heating  equipment  of  this  plant  will  be  de- 
scribed in  a  later  issue. 

The  writer  desires  to  thank  E.  G.  Lender,  chief  en- 
gineer, W.  H.  Sergeant,  assistant  chief  engineer,  and  the 
George  B.  Post  Co.,  architects  of  the  Prudential  build- 
ings, for  their  assistance  in  the  preparation  of  this 
article. 


Why  a  Recently  Blown  Column  vShows  a 
Higher  Water  Level 

It  is  a  matter  of  commoB  observation  that  if  a  water 
column  or  gage  glass  which  has  been  standing  so  long  that 
the  water  in  it  has  become  cool,  is  blown  off,  the  water 
level  indicated  will  be  higher.  The  reason  for  this  is  that 
the  colder  water  with  which  the  column  is  filled  after 
standing  weighs  more  per  cubic  inch,  and  a  shorter  column 
of  it  will  balance  a  longer  column  of  hotter  water. 

If  water  be  poured  into  a  T7-tube,  as  in  Fig.  1.  until 
it  stands  at  the  level  a  in  the  left-hand  leg.  it  would  also 
stand  at  the  level  h  in  the  right-hand  leg  if  it  were  of  the 
same  temperature.  Suppose  now  the  water  in  the  right- 
hand  leg  to  be  heated  up,  tliis  heating  does  not  change 


quire  equality  in  the  size  of  the  leg,  and  in  Fig.  3  that 
one  of  the  legs  of  the  tube  may  be  the  water  column 
and  its  connections,  and  the  other  leg  the  boiler  to  which 
they  are  applied. 

At  80  deg.  Fahrenheit  one  cubic  foot  of  water  weighs 


Fig.  1  Fig.  3  Fig.  .3 

Why  a  Recently  Blown  Column  Shows  a  Higher 
Water  Level 

62.22  lb.,  at  340  deg.,  corresponding  with  the  pressure  of 
118  lb.  absolute,  55.94  lb.,  or  only  about  nine-tenths  as 
much  as  at  the  lower  temperature.  The  cooler  column 
would  therefore  have  to  be  only  about  nine-tenths  as  high 
as  the  lighter  column,  or  for  a  column  30  in.  in  length 
there  might  be,  under  these  conditions  of  temperature, 
a  difference  of  three  inches. 
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American  Multipar  Hydraulic  Dead  Weight 
Tester 

This  is  au  accurate  hydraulic  dead-weight  gage  tester 
ill  which  each  10-oz.  weight  will  calibrate  from  1  to  100 
lb.  per  sq.in.  pressure,  and  a  6i^-lb.  weight  from  100  to 
1000  lb.  pressure.  Multiples  of  these  dead  weights  make 
the  tester's  usefulness  practically  unlimited,  it  being  as 
simple  to  calibrate  a  25,000-Ib.  gage  as  one  of  5  lb. 

This  range  is  secured  through  a  simple  system  of  m\il- 
tiple  pistons,  two  of  which  are  fixed  and  pennanent.  The 
top  cylinder  has  two  interchangeable  pistons,  the  larger 
being  used  for  pressures  from  1  to  100  lb.  per  sq.in. :  the 
smaller  for  from  10  lb.  to  whatever  pressure  is  desired. 
The  outfit  as  regularly  supplied  will  test  up  to  25,000  lb. 
per  sq.in. 

The  tester  consists  of  three  cylinders,  three  pistons  and 
two  pressure  chambers — upper  and  lower.     The  top  pis- 


HlGH-PRESSURE    GaGK    TeSTER 

4on  and  cylinder  give  1-lb.  pressure  for  every  ounce  ap- 
plied, so  that  a  10-oz.  weight  will  give  10-lb.  i)ressure  in 
the  upper  chamber.  This  pressure  is  exerted  on  a  piston 
1  sq.in.  in  area,  which  is  fitted  into  the  lower  part  of  the 
upper  chamber.  This  larger  piston  is  in  direct  line  and 
in  communication  with  a  smaller  piston  fitted  into  the 
lower  cylinder  and  pressure  chamber.  The  ])iston  in  the 
lower  cylinder  has  a  known  area  which  multi])lies  what- 

-pver  force  is  exerted  on  the  end  of  the  larger  piston,  and 
the  pressure  thus  crcate<l  is  communicated  directly  to  the 
gage  being  tested. 

Low  pressure  tests  are  made  by  opening  a  b>7)ass  con- 
necting the  upper  and  lower  cylinders,  which  allows  the 
pressure,  created  by  a  pressure  screw  in  the  lower  cham- 
ber, to  be  transmitted  directly  to  both  the  upper  chamber 
and  the  gage  being  tested.  The  instrument  is  thus  con- 
verted  into   the  original    direct   dead-weight   tester,   and 

■  can  be  used  on  pressures  from  TOO  to  1  lb.  per  sq,in.: 
pressures  of  less  than  10  lb.  can  be  obtained  by  substi- 
tuting a   piston   sup])li(Ml   with    the   outfit   for  the  upper 


cylinder  which  will  give   1   lb.   pressure  for  eacJi  10-oz. 
weight. 

The  tester  is  made  by  the  American  Steam  Gauge  & 
Valve  Manufacturing  Co.,  Boston,  Mass. 


Value  of  Boiler  Specifications 
By  F.  W.  Kose 
Nearly  every  issue  of  certain  technical  papers  contains 
one  or  more  accounts  of  boiler  failures  or  explosions, 
which  have  been  more  or  less  destructive  to  life  or  prop- 
erty; many  more  accidents  happen  accounts  of  which 
never  reach  the  technical  press. 

Some  of  these  accidents  could  be  eliminated  if  all  boil- 
er manufacturers  were  required  to  follow  more  closely 
high-grade  specifications  in  the  building  of  their  boilers. 
Generally  the  purchaser  depends  on  the  manufacturer 
or  his  agent  to  tell  him  how  the  boiler  should  be  built, 
or,  more  often,  the  purchaser  tells  the  manufacturer  that 
he  wants  a  boiler  of  a  certain  size  for  a  certain  pressure, 
and  nothing  is  said  about  the  quality  of  material  or  work- 
manship. 

All  reliable  boiler  insurance  companies  have  certain 
standards  to  which  boilers  must  conform  if  approved  by 
the  company. 

If  the  purchase  of  the  boiler  is  left  to  a  responsible 
consulting  engineer,  it  is  his  duty  to  see  that  the  boilei 
is  built  according  to  high-grade  specifications. 

The  following  aptly  illustrates  the  advantages  of  buy- 
ing according  to  specifications. 

Specifications  were  issued  for  the  purchase  of  a  horizon- 
tal return  tubular  boiler,  and  the  contract  was  let  to  a 
supposedly  reliable  manufacturer  of  high-grade  boilers. 
The  boiler  was  delivered  ready  for  erection,  before  an  in- 
siJection  was  made  by  the  consulting  engineer,  who  rejected 
the  boiler  on  the  grounds  that  it  did  not  conform  to  the 
specifications  under  which  it  was  purchased.  An  inspec- 
tion was  then  made  by  the  inspet'tor  of  a  reliable  insur- 
ance company.  This  inspector  reported  that  18  new 
tubes  must  be  put  in  before  the  insurance  company  would 
accept  the  boiler.  The  boiler  was  not  accepted,  and  an- 
other boiler  was  furnished  by  the  same  company,  but  it 
did  not  conform  to  the  specifications,  and  was  likewise 
rejected;  a  third  boiler,  which  did  conform  to  the  speci- 
fications, was  furnished  by  another  company. 

There  was  nothing  special  about  the  specifications,  and 
any  first-class  boiler  shop  could  have  lived  up  to  them  if 
they  had  so  desired. 

The  principal  objections  to  the  first  two  boilers  were 
that  the  tubes  were  too  short  to  allow  for  proper  beading, 
and  were  weakened  from  excessive  rolling;  the  first  boil- 
er was  several  inches  shorter  than  called  for. 

In  all  probability  either  one  of  the  rejected  boilers 
would  have  been  installed,  had  there  been  no  specifica- 
tions to  which  the  manufacturer  had  to  conform,  and 
would  perhaps  have  performed  the  service  required. 
Nevertheless,  there  was  a  weakness  which  might  have  re- 
sulted in  a  serious  accident,  and  after  the  accident  there 
might  not  have  been  enough  left  of  the  boiler  to  deter- 
mine the  cause. 

The  two  rejected  boilers  are  still  waiting  for  some 
purchaser  who  will  not  know  the  difFerence  between  a 
high-grade  boiler  and  an  inferior  one. 
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Engineering  Progress  in  the  U.  S.  Navy 


SVXOFSIS — For  the  conditions  of  ferricc  under  wivich 
ihe  American  battlesliip  fleet  operates,  the  reciprocatiny 
engine  is  more  efficient.  In  ease  of  upkeep,  ireiyht  and 
space  required  it  has  the  advantage  and  in  reliahitity  at 
high  powers  it  is  on  a  par  with  the  turbine. 

Ill  his  paj>er  on  the  above  subject  read  before  the 
Society  of  Xaval  Architects  and  llarine  Engineers  at  the 
New  York  meeting.  Captain  C.  W.  Dyson  made  a  compar- 
ison of  propelling  niachinerj  for  heavy  vessels  of  moderate 
speed.  In  this  comparison  were  included  reciprocating 
engines ;  steam  turbines  of  the  impulse  and  reaction  types, 
and  a  combination  of  the  two ;  also  combinations  of  recip- 
rocating engines  with  turbines.  The  relative  values  of 
turbine  reduction  gear,  electric  propulsion  and  interniil- 
combustion  engines  for  propulsion  were  not 
dealt  with,  as  final  operating  data  had  not  as 
yet  been  secured. 

Speed,  Hoesepower  axd  Fuel  Coxsumptiox 

To  assist  in  judging  the  three  methods  of  pro- 
pulsion a  comparison  of  the  performances  of  the 
dreadnoughts  "Delaware,"  "North  Dakota," 
"Utah"  and  "Florida"  was  made,  including 
trials  in  preliminary  acceptance  and  in  actual 
service.  The  "Delaware"  is  equipped  with  re- 
ciprocating engines  and  the  other  three  ves- 
sels with  turbines. 

Due  to  difference  in  displacements  and  in  ap- 
pendages the  effective  horsejJower  required  to 
give  the  "Delaware"  a  speed  of  31  knots  will 
give  the  "Florida"  and  the  "Utah"  30.82  knots, 
and  the  "North  Dakota"  31.1  knots;  at  13  knots 
for  the  "Delaware,"  the  equivalent  speed  of  the 
"Florida"  and  the  "Utah"  is  13.17  knots  and 
of  the  "North  Dakota"  13.1  knots.     Assuming 
that  shaft  horsepower  is  approximatelj^  92  per 
cent  of  indicated  horsepower  in  large,  well  designed  re- 
ciprocating engines,   and  reducing  the  indicated  horse- 
power of  the  "Delaware"  to  shaft  horsepower,  the  fol- 
lowing table  of  comparison  results: 

Speeds  of  equal  e.hp 

I.  hp.  for  ttus  speed 

S.  hp.  for  these  speeds 

Propulsive  coefficient  equals  (per  cent.) 

e.hp.-s-s.hp 71.76-1- 

Cruising  speeds  of  equal  e.hp 

1.  hp.  for  this  speed 

S.hp.  for  these  speeds 

Propulsive  coefficient  equals  (per  cent.) 

e.hp.-s-s.hp 

\^liile  the  "Florida"  curve  is  shown  in  Fig.  1,  that  vessel 
is  not  included  in  the  above  table,  as  the  weather  con- 
ditions during  her  standardization  trials  were  tmfavor- 
able  and  the  efficiency  of  the  propellers  fell  off  greatly. 

In  Fig.  2  a  comparison  is  made  of  the  pounds  of  fuel 
per  knot  required  at  different  speeds  by  the  four  dread- 
noughts. In  this  figure  is  also  shown  a  curve  of  excess 
fuel  for  the  "Utah"  over  that  required  for  the  "Delaware," 
all  the  curves  being  drawn  with  effective  horsepowers  as 
abscissas.  For  the  effective  horsepower  value  requij-ed  for 
12  knots  speed  of  the  "Delaware,"  the  "Utah"  requires, 
by  these  curves,  23  per  cent,  more  fuel.  From  the  steam 
logs  of  the  two  vessels,  the  average  excess  fuel  consumption 


of  the  "Utah"  over  that  of  the  "Delaware"  at  13  knots 
is  20  per  cent.,  thus  corroborating  the  results. 

At  the  effective  horsepower  value  required  for  21  knots 
by  the  "Delaware,"  the  "Utah"  requires  1.015  times  as 
much  fuel  as  the  "Delaware,"  a  difference  so  slight  as  to 
be  negligible.  From  the  above  results,  it  appears  justifi- 
able to  decide  as  follows : 

Should  the  duties  of  a  vessel  be  such  that  she  be  re- 
quired to  steam  for  long  jieriods  and  long  distances  at 
speeds  much  lower  than  her  designed  maximum  speed. 
a  less  fuel  expenditure  per  day  will  be  required,  and  con- 
sequently a  greater  cruising  radius  will  be  obtained  and 
less  frequent  recoaling  necessitated  should  reciprocating 
engines  be  fitted  rather  than  turbines  for  propelling 
]nirposes. 
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21 
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71.76-1- 
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Should,  however,  the  vessel  operate  from  a  fixed  base, 
only  doing  sufficient  cruising  to  insure  that  the  machinery 
is  kept  in  efficient  condition  in  readiness  for  forced  runs 
to  any  threatened  point,  the  value  of  fuel  economy  at  low 
speeds  becomes  minimized  and,  where  the  maximum 
speed  of  the  vessel  does  not  exceed  21  to  22  knots,  either 
turbines  or  reciprocating  engines  may  be  used,  the  choice 
being  dependent  upon  other  factors  than  economies, 
which  are  practically  equal  at  these  speeds. 

For  the  conditions  of  service  and  the  fuel  capacity 
entailed  under  which  the  American  battleship  fleet  oper- 
ates, the  reciprocating  engine  is  preferable  to  the  turbine 
as  a  proiielliug  engine  at  the  present  stage  of  turbine 
development.  The  Na\7  Department  is,  however, 
thoroughly  alive  to  the  advantages  to  be  gained  by  adopt- 
ing rotary  in  place  of  reciprocating  motion  in  the  main 
propelling  machinery  of  the  heavy  vessels  of  the  fleet, 
and  while  recognizing  the  present  advantages  held  by 
the  reciprocating  engine  in  the  matter  of  economy  at  low 
fractions  of  designed  power,  holds  itself  ready  to  discard 
the  reciprocating  engine  as  soon  as  the  turbine  designers 
can  clemonstrate  by  actual  performance  that  their  claims 
as  to  equality  of  economy  at  low  powers  with  the  older 
machine  have  been  realized.     It  was  with  this  object  in 
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view    that    the    department    decider!    to    install    impulse 
turbines  in  the  "Nevada." 

Ease  of  Upkeep  of  Macuixery 

The  claim  is  frequently  made  bj^  the  turbine  advocates 
that  while  the  reciprocating  engine,  -srhen  new,  is  un- 
doubtedly more  economical  than  the  turbine  at  small 
fractions  of  designed  power,  this  advantage  is  soon  lost 
in  active  service,  due  to  excessive  wear  of  piston  and 
valve  rings  causing  hea\'t>'  leakage  of  steam.  The  turbines, 
not  being  subject  to  such  frictional  wear,  would,  on  the 
other  hand,  retain  their  original  economy  indefinitely. 

Practical  experience  ^"ith  lioth  types  of  engine  in  actual 
service  comes  very  far  from  justifying  this  conclusion. 
In  fact,  with  intelligent  supervision,  the  reciprocating 
engine,  particularly  since  forced  lubrication  has  been 
applied,  holds  its  superiority  continuously. 

^^^^en  reciprocating-engine  vessels  visit  the  navy  yards 
for  their  regular  overhaul,  the  work  to  be  done  on  the 
main  engines  is  practically  nil,  as  the  machine  shops 
and  foundries  of  the  battleships  are  of  ample  capacity 
to  take  care  of  all  repairs  that  may  be  necessary  except 
such  as  the  fitting  of  a  new  cylinder  or  the  repair  of  a 
fractured  bedplate.  ,The  above  remarks  apply  only,  how- 
ever, to  ships  fitted  with  forced  lubrication,  where  the 
wear  of  bearings  and  journals  has  been  practically  elim- 
inated. In  a  letter  from  the  senior  oificer  of  the 
"Delaware,"  the  following  statements  occur: 

'•Between  July  1,  1910,  and  July  10.  1912,  the  "Dela- 
ware"' has  steamed  54.627  miles  (knots)  without  a  hot 
bearing. 

"About  the  only  wear  on  the  brasses  on  the  forced 
lubrication  sj'stem  is  on  the  crossheads  first,  then  guides 
and  then  crankpins.  The  wearing  away  of  the  piston 
rings  apparently  starts  all  the  other  wear." 

That  is,  keep  the  pistons  in  line  and  the  wear  on  the 
running  parts  is  practically  eliminated.  The  experience 
of  the  "Delaware"  is  corroborated  b)-  the  experience  of 
every  reciprocating-engined  vessel  of  the  fleet  to  which 
forced  lubrication  has  been  applied.  This  system  not 
only  insuring  efficient  lubrication,  but  also  reducing  wear 
on  all  running  parte,  decreases  the  initial  friction  of  the 
engines  and  reduces  to  a  minimum  all  shock  on  crankpins, 
crossheads  and  main  bearings,  thus  preventing  hammer- 
ing out  of  the  white  metal  and  wearing  down  out  of  line. 

With  the  turbine,  the  case  is  quite  the  opposite.  Fully 
99  per  cent,  of  the  troubles  that  occur  are  internal 
troubles,  and  consist  of  erosion  of  blades  and  nozzles, 
stripping  of  blading,  hea^y  corrosion  of-  rotors,  dia- 
phragms and  turbine  wheels,  causing  destruction  of  bal- 
ance. All  of  these  troubles  require  a  perfectly  smooth 
haven  in  which  to  make  repairs,  and  the  majority  of  them 
require  dock-yard  facilities. 

In  the  cases  of  the  main  engines  of  the  three  scout 
cruisers  "Birmingham,"  "Salem,"  and  "Chester,"  the 
"Birmingham,"  with  reciprocating  engines,  has  always 
been  ready  for  service,  while  her  two  sister  ships  have 
been  repeatedly  laid  up  at  the  yards  for  overhaul  of  the 
main  turbines.  Evidence  of  experience  leads  to  the  con- 
clusion that  a  battleship  fitted  with  reciprocating  engines 
for  propelling  purposes  is  much  less  apt  to  be  forced  ofF 
her  station  by  necessary  repairs  to  her  engines  than  is 
one  fitted  with  turbines. 


Reliability  at  High  Poweps 
From  the  natures  of  the  two  machines,  it  would  appear 
safe  to  decide  this  condition  as  being  distinctly  in  favor 
of  the  turbines,  as  this  type  of  engine  is  completely  free 
from  all  reciprocating  parts  held  together  by  bolts  and 
nuts.  Experience  with  the  "Delaware's"  engines,  how- 
ever, lead  to  the  conclusion  that  where  proper  care  is  taken 
to  lock  all  nuts  securely,  and  to  effectively  protect  the 
engines  against  the  shocks  of  reversal  of  direction  of 
motion,  the  reciprocating  engine  can,  even  here,  be  re- 
garded as  nearly  on  a  par  with  the  turbine  in  reliability. 
The  full-power  24-hr.  run  of  the  "Delaware,"  made  with- 
out preparation  immediately  after  her  arrival  home  from 
Chile,  demonstrates  this  reliability  of  the  present  t3-pe 
of  battleship  engines  very  thoroughly.  The  vessel  put  to 
sea,  and  upon  getting  well  clear  of  the  land  a  full-power 
run  of  4-hr.  was  started,  during  which  time  the  vessel 
averaged  21.S6  knots  per  hour.  ^Tithout  intermission  the 
vessel  continued  on  for  20  hr.  longer,  averaging  for  the 
full  24-hr.  a  speed  of  21.3  knots,  the  ship  automatically 
slowing  down  as  the  fires  became  dirty  and  the  personnel 
fatigued.  Upon  the  completion  of  the  trial  a  radiogram 
was  received  from  the  commanding  officer  of  the  vessel 
reporting  that  not  the  slightest  disarrangement  had 
occurred  to  either  the  main  engines  or  the  auxiliary  ma- 
cliiuery,  and  that  she  was  ready  for  immediate  service. 

MixiMUM  Weight  and  Space  Required 

As  already  shown,  the  total  heat  units  required  to  be 
absorbed  by  the  boilers,  both  for  Parsons  turbines  and  for 
reciprocating  engines,  with  battleships  of  the  speed  and 
power  that  now  exist,  is  practically  the  same  in  both  cases 
at  full  power.  This  indicates  that,  for  existing  conditions, 
nothing  can  be  saved  in  the  boiler  room  weights  or  space 
by  adopting  turbines,  as  the  same  boiler  power  is  required 
in  the  two  cases. 

In  the  engine  rooms,  for  these  powers,  however,  the 
reciprocating  engine  has  a  decided  advantage  in  both 
weight  and  space  required.  In  the  "Delaware,"  "North 
Dakota,"  and  "Utah,"  the  engine  room  weights  and  .space 
required   are  as  follows : 

"Delaware"  "North  "rt,ili" 
Dakota" 

Engine  room  weights.  dr>- tons 728.26  731.2.3  SB4.G9 

Engine  room  weights,  wet  tons 773.26  785.93  919  80 

Engine  room.  length,  ft 44  44  60 

Engine  room,  total  width,  ft 50.5  50  5  51 

Engine  room,  sq.ft.  floor  space 2222  2222  3060 

While  the  turbines  of  the  "North  Dakota"  appear  to 
be  about  on  an  equality  with  the  reciprocating  engines 
of  the  "Delaware"  in  the  matters  of  weight  and  space,  these 
turbines  were  extremely  uneconomical,  llodern  turbines 
of  this  type  would  require  an  engine  room  more  nearly 
equal  in  length  to  that  of  the  "Utah,"  and  the  engine- 
room  weights  would  be  considerably  increased. 

While  the  reciprocating  engine  has  a  decided  advantage 
in  the  features  of  weight  and  sjiace  required,  under  pres- 
ent conditions,  these  advantages  would  disappear  should 
the  necessary  power  to  be  developed  he  increased  consid- 
erably above  what  is  now  asked  for,  and  the  advanta<re 
would  rest  with  the  turbine.  Should  such  an  increase 
of  power  be  called  for  in  future  designs,  or  should  the 
ordinary  cruising  speed  he  made  considerablv  higher  than 
now  used,  the  Navy  Department  would  undoubtcdlv  aban- 
don the  reciprocating  engine  and  adopt  one  of  its  rotary 
rivals  for  the  propulsion  of  its  capital  ships. 
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Efficient  Propellers  for  Maneuvering 

In  considering  this  condition,  the  relation  of  the  back- 
ing power  as  compared  with  the  maximum  full  power 
ahead,  and  the  time  required  from  full  speed  ahead  until 
the  vessel  was  dead  in  the  water,  was  taken  as  a  basis  of 
comparison,  which  resulted  in  favor  of  the  reciprocating 
engine. 

Dividing  the  backing  power  by  the  ahead  power  of  the 
"Delaware"  gave  87.5  per  cent,  as  compared  to  35.7  per 
cent,  for  the  "Utah."  These  results  are  corroborated  by 
the  destroyers  and  other  vessels  of  the  naYj. 

In  judging  the  steadiness  of  the  hull  as  a  gun  platform 
as  affected  by  machinery,  it  seems  only  fair  to  base  the 
decision  upon  the  results  of  target  practice  of  the  vessels 
in  service.  If  this  is  done,  the  decision  could  be  given 
to  the  reciprocating  type  of  machinery,  as  the  "Delaware" 
has  just  won  the  championship  of  the  battleship  fleet, 
with  the  "Colorado,"  another  reciprocating  engine  vessel, 
standing  second  on  the  list.  From  these  results  it  appears 
reasonable  to  state  that,  with  well  balanced  reciprocating 
engines,  no  ill  effects  on  gun  tire  should  be  expected. 

Basing  the  choice  between  reciprocating  engines  and 
turbines  for  battleship  propulsion  uuder  existing  con- 
ditions of  speed  and  power,  the  advantage  appears  to 
rest  most  decidedly  with  the  reciprocating  engine. 

CoiiBiNATioN   Systems 

In  the  search  for  economy  of  propulsion  through  a  wide 
range  of  speeds,  various  combinations  of  reciprocating 
engines  and  turbines  have  been  proposed,  both  by  the 
Bureau  of  Steam  Engineering  and  by  tne  shipbuilders, 
but  only  one  of  the  systems  has  as  yet  been  authorized, 
and  that  one  is  for  destroyers.  It  has  not  yet  been  tried 
out  in  service,  but  preliminary  shop  tests  show  a  good 
gain  in  economy  of  the  main  propelling  engines  at  cruis- 
ing speeds.  This  system,  as  applied  to  the  destroyers, 
depends  entirely  for  its  gain  upon  the  greater  efficiency 
of  the  reciprocating  engine  at  the  higher  steam  pressures 
over  the  efficiency  of  high-pressure  turbines  of  the  re- 
action tv'pe  and  the  high-pressure  nozzles  of  the  impulse 
type  of  turbine,  no  advantage  being  gained  from  increased 
etSciency  of  propellers,  as  the  reciprocating  engines  are 
on  the  same  shafts  as  the  turbines.  From  some  points  of 
view  this  combination  is  undesirable,  and  the  gain  in 
service  must  be  considerable  to  justify  its  retention. 

With  the  other  combination  systems  proposed,  calcu- 
lations indicate  that  if  the  propulsive  efficiency  counted 
upon  can  be  obtained,  these  systems  will  aH  be  very  much 
more  efficient  than  either  a  straight  turbine  or  straight 
reciprocating  engine  drive  at  maximum  power,  will  hold 
a  big  advantage  over  the  straight  turbine  drive  through 
all  ranges  of  power,  and  will  hold  its  advantage  over 
the  straight  reciprocating  engine  drive  until  a  minimum 
speed  of  about  11  knots  is  reached,  when  the  efficiencies 
become  equal. 

The  "if"  exists,  however,  and  is  caused  by  the  danger 
of  the  currents  thrown  to  the  rear  by  the  big  recipro- 
cating-engine screws  seriously  affecting  the  rate  of  feed 
and  direction  of  flow  of  water  to  the  turbine  propellers. 
In  addition,  there  may  possibly  be  another  source  of  loss 
due  to  heavy  leakage  of  steam  through  the  large  change 
valves  which  must  be  fitted  to  control  the  paths  of  flow  of 
the  exhaust  steam  from  the  reciprocating  engines. 


In  all  of  these  systems,  to  adapt  them  to  naval  require- 
ments, it  is  necessary  to  exliaust  from  the  low-pressure 
cylinders  of  the  reciprocating  engines  at  a  pressure  of 
not  less  than  25  lb.  absolute,  when  thij  engine  is  opera- 
ting at  full. power,  and  to  bypass  as  few  of  the  stages  of 
the  turbine  as  possible  in  order  to  obtain  an  increased 
economy  of  propulsion  through'  a  large  range  of  powers. 

[The  balance  of  the  paper,  which  will  be  abstracted  in 
a  later  is.sue,  was  devoted  to  turbine  changes,  improve- 
ments in  reciprocating  engines  tending  towards  increased 
economy  and  reduction  in  weight  and  a  discussion  of  oil 
fuel. — Editor.] 

Worthington  Turbo  Blowers  and  Compressors 

Turbo-blowers  and  compressors  have  certain  advan- 
tages over  reciprocating  compressors  in  various  fields. 
In  consequence  of  the  demand  growing  out  of  this  fact 
the  firm  of  Henry  E.  Worthington,  Harrison,  N.  J., 
made  a  comparative  study  of  the  different  apparatus  of 
this  type  manufactured  throughout  the  world.  This  in- 
vestigation covered  operating  efficiency  and  reliability  as 
well  as  general  design  and  economy,  and  led  to  the  con- 
clusion that  the  product  of  Pokorny  &  Wittekind,  of 
Frankfort-on-the-Main,  CTcrmany,  pioneers  in  this  field, 
had  shown  the  best  results  in  every  respect.  Early  in 
1911,  therefore,  the  rights  for  the  manufacture  and  sale 
on  the  American  Continent  and  in  the  Hawaiian  and 
Philippine  Islands,  of  the  full  line  of  turbo-compressors 
so  successfully  developed,  were  acquired  by  Henry  E. 
Worthington.  This  firm  is  now  in  position  to  build  and 
supply  such  apparatus  for  all  ranges  of  capacity  and 
pressure  ordinarily  covered  liy  reciprocating  compressors. 

Turbo-blowers  and  compressors  are  quite  similar,  ex- 
cept in  the  matter  of  water  jacketing  and  the  number  of 
stages,  and  are  very  similar  in  construction  and  prin- 
ciple to  centrifugal  pumps.  The  differences  between  cen- 
trifugal pumps  or  blowers  and  compressors  are  prin- 
ciple 'such  as  are  required  to  adapt  the  compressors  for 
handling  light  and  elastic  fluids,  instead  of  the  heavy 
and  almost  incompressible  water.  The  success  of  this 
apparatus,  however,  is  largely  a  question  of  engineering 
and  shop  experience  and  development. 

Fig.  1  illustrates  an  experimental  turbo-blower  built 
and  installed  at  the  Harrison  works  for  the  special  pur- 
l)ose  of  testing  and  checking  the  performance  of  the 
apparatus.  The  machine  is  shown  on  the  testing  floor 
driven  by  a  steam  turbine  through  a  torsion  dyna- 
mometer. Fig.  S  shows  an  end  view  of  the  testing  set 
looking  toward  the  blower.  Fig.  3  shows  a  motor-driven 
turbo-blower  of  the  type  used  for  capacities  of  from  10,- 
000  to  30,000  cu.ft.  of  air  per  minute  at  15  lb.  gage 
pressure.  Fig.  4  is  a  view  of 'a  turbo-compressor  driven  by 
a  mixed-pressure  turbine  and  having  a  capacity  of  10,000 
cu.ft.  of  air  per  minute  against  a  presure  of  1000  lb. 

Centrifugal  and  turbo-blowers  and  compressors  con- 
sist simply  of  a  stationary  casing  inclosing  a  rotating 
element  supported  in  bearings.  The  casing  may  contain 
one  or  a  number  of  impellers,  depending  upon  the  pres- 
sure desired.  The  impellers,  carried  upon  a  shaft 
equipped  with  a  thrust  bearing,  constitute  the  rotating 
element.  The  casing  has  a  suction  and  a  discharge  open- 
ing and  is  divided  into  as  many  cells  or  stages  as  there 
are  impellers.  Leakage  about  the  shaft  and  between  the 
stages  is  prevented  by  labyrinth  packings. 
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1.  J;iiiiisi;yi:  View  ok  ax  ExrEi;iiri;xTAL  TrRBO-BLOWER  uxdeh  Test  at  the  Wokthinutox  Wukks 

air  at  reduced  velocity,  flows  by  easy  curves  to  the  iuflux 
chamber  preceding  the  next  impeller.  This  process  is 
repeated  for  each  stage  until  the  exhaust  is  reached. 

A  light  and  eonii)act  prime  mover  can  be  used  as, 
owing  to  the  high  rotative  speeds,  the  prime  mover  and 
the  compressor  can  be  directly  connected;  moreover, 
whether  the  prime  mover  is  an  electric  motor,  or  a  high- 
pressure,  an  exhaust  or  a  mixed-]iressure  turbine,  it  can 


^^.     '.     ~  ,    %/% 


Fro.  ?.  Exn  View  oe  Tin-:  TrKiin-iiLOWKR 


Fig.  3.  Trraso-iu-owKR 

The  air  enters  the  suction  pipe  at  low  velocity  and  is 
guided  to  the  impellers  by  directing  vanes:  in  passing 
through  the  impellers  the  pressure  and  velocity  are  in- 
orea-sed.  Leaving  the  impellers  the  air  is  received  by  a 
ring  of  diffusion  vanes  which  convert  a  large  part  of  the 
velocity  into  pressure  and  greatly  reduce  the  leakage 
losses.    Upon  leaving  the  tirst  sot  of  diffusion  vanes,  the 


Fiii.  4.  Ttitno-coMPREssoR 

be  operated  at  its  most  desirable  speed.    TTigh  efficiency 
is  maintained  throughout  the  life  of  the  machine. 

Other  advantages  of  turbo-compressors  over  other 
tyiies  may  he  summarized  as  follows:  Low  first  cost; 
minimum  attendance;  continuous  even  flow  of  air;  com- 
pact construction;  light  weight;  small  foundation  and 
iiistalhition  expense;  minimum  upkeep  charges;  sim- 
plicity of  construction,  insuring  ease  of  o]ieration  and 
minimum  of  attention;  long  life,  due  to  few  rubbing 
parts  and  rugged  construction ;  absence  of  valves,  which 
are  troublesome  and  cause  loss  of  efficiency:  low  friction 
loss,  due  to  the  few  rubbing  parts ;  absence  of  packing 
trouble;  absence  of  vibrntion.  unci  rcouomv  of  hibricanls. 
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Ground  Detectors 

By  E.  L.  Mossmax 

The  diagrams  show  the  various  methods  of  connect- 
ing lamps  and  voltmeters  as  ground  detectors,  also  the 
electrostatic  detector  as  used  on  high-voltage  alternating- 
current  circuits.  A  ground  detector  is  an  important  in- 
strument on  a  switchboard  and  should  be  used  frequent- 
ly; when  a  ground  shows  on  a  line  it  should  be  cleared 
as  soon  as  possible,  for  if  the  line  of  opposite  polarity 
should  ground  a  short  circuit  and  interruption  of  the 
service  would  result. 

B  *  B 


made  at  F  and  there  is  no  ground  on  either  line  the  bril- 
liancy of  the  lamp  will  not  be  altered.  If  there  is  a 
ground  on  B,  as  at  G',  lamp  L'  will  go  out  or  burn  dim 
and  L  will  burn  brighter  accordmg  to  the  resistance  of 
the  ground;  if  the  ground  is  on  A,  L'  will  burn  brighter. 
This  is  a  simple  and  very  good  ground  detector  when  a 
voltmeter  is  not  available. 

Fig.  4  shows  a  lamp  ground  detector  suitable  for  a 
three-wire  low-tension  system.  Three  lamps,  L,  L'  and 
L",  are  connected  in  series  across  one  side  of  the  system, 
and  a  ground  connection  is  made  at  K.  When  all  three 
lines  are  clear  of  grounds  the  lamps  will  burn  equally 


2L 


A  voltmeter  makes  a  very  good  ground  detector,  be- 
cause it  not  only  indicates  whether  a  ground  is  present, 
but  by  its  deflection  shows  whether  the  path  of  the  cur- 
rent to  the  ground  is  one  of  high  or  low  resistance.     Fig. 

1  shows  one  way  of  connecting  a  voltmeter  on  a  two- wire 
circuit.  If  the  line  A  should  be  grounded  as  indicated 
by  the  dotted  line  at  G'  and  the  switch  placed  on  C  no 
deflection  would  result.  If  the  switch  is  moved  to  D 
current  will  pass  from  line  .4  through  the  ground  on  the 
line  through  the  voltmeter  to  point  D,  thence  to  line  B, 
thus  completing  the  circuit.  When  the  deflection  is  ob- 
tained on  D  it  shows  that  line  A  is  grounded ;  when  ob- 
tained on  C  it  shows  line  B  is  grounded. 

If  the  ground  is  of  high  resistance  the  deflection  will 
be  small,  if  of  low  resistance  it  will  be  large.  In  using 
a  voltmeter  connected  in  this  way,  it  must  have  its  zero 
point  in  the  center  of  the  scale,  as  the  current  will  flow 
through  it  in  the  opposite  airectiou  on  point  C  from 
what  it  will  on  point  D.  A  voltmeter  having  its  zero 
point  at  the  left  of  the  scale  can  be  connected  as  in  Fig. 

2  which  is  a  better  method.  It  can  then  be  used  either  as 
a  voltmeter  or  as  a  groimd  detector.  When  the  switch  is 
in  position  CC  the  voltmeter  is  connected  directly  across 
the  line  and  gives  the  voltage  on  the  system ;  when  in  po- 
sition EE'  it  will  indicate  a  ground  on  line  B,  as  at  G". 
When  in  position  DD'  a  deflection  will  indicate  a  ground 
on  the  line  A  as  G'. 

Fig.  3  shows  a  common  arrangement  where  two  lamps 
L  and  L'  are  used  in  series ;  each  lamp  should  be  for  the 
same  voltage  as  that  of  the  circuit,  which  will  cause  them 
to  burn  half  of  their  rated  candlepower.  A  connection  is 
made  to   ground  through  switch  F.     When    contact  is 


when  E  is  clcsed.  If  line  C  becomes  grounded  at  G', 
L  and  L'  will  go  out  or  burn  down,  and  L"  will  become 
brighter.  If  line  B  is  grounded  L"  will  become  dim 
while  L  and  L'  become  brighter.  If  the  ground  is  on  A 
all  the  lamps  will  become  brighter,  because  all  will  get 
the  full  voltage,  L"  being  across  A,  B,  and  L  and  L' 
in  series  across  AC.  These  detectors  are  applicable  more 
particularly  to  low-tension  direct-current  installations. 
In  Fig.  5  is  shown  a  voltmeter  detector  on  a  three- 
phase  system,  the  voltmeter  being  connected  through  a 


Fig.  4 


Fig.  5 


transformer  T.  A  plug  switch  is  used  to  connect  across 
from  M  to  A",  0  and  P.  When  across  M  and  N  and  the 
key  E  is  pressed,  it  will  show  a  groimd  on  B  or  C ;  when 
across  M  and  0,  a  ground  will  show  on  A  or  C ;  when 
across  -¥  and  P,  it  will  show  a  ground  on  A  or  B. 

Electrostatic  ground  detectors  are  much  used  on  high- 
tension,  alternating-current  switchboards.  They  have  the 
advantage  that  they  require  no  current  for  their  operation 
and  may  be  left  connected  to  the  circuit  all  the  time,  thus 
indicating  a  ground  as  soon  as  it  occurs.  They  also  give 
an  indication  without  its  being  necessary  to  make  an 
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actual  connection  between  the  line  and  the  ground,  as  is 
the  lase  with  all  the  detectors  previously  described.  The 
principle  of  a  Stanley  electrostatic  ground  detector  is  il- 
lustrated in  Fig.  6.  This  is  especially  adapted  to  high- 
tension,  alternating-current  lines,  because  the  instrument 
is  not  in  actual  connection  with  either  of  the  lines. 

The  fixed  vanes,  M.  N ,  0  and  P,  are  connected  in  pairs 
as  shown.  The  movable  vane  F  is  connected  to  the 
ground  at  G,  and  is  held  in  the  central  position  as  shown 


Fig.  6 

by  the  small  spiral  spring  >'.  The  pairs  of  fixed  plates  are 
not  connected  direct  to  the  lines,  but  are  attached  to 
plates  a  a'  of  two  s-mall  condensers  which  consist  simply 
of  two  brass  plates,  mounted  in  hard  rubber  but  separated 
from  each  other.  Plates  h  and  h'  are  connected  to  the 
lines.  When  no  grounds  are  present,  J/.V  and  OP  become 
oppositely  charged  by  reason  of  charges  induced  on  the 
plates  a  a'  by  plates  b  b',  the  forces  acting  on  vane  V 
are  therefore  equal  and  opposite.  Xow  assume  line  B  to 
be  grounded  at   G".     This  is  equivalent  to  connecting 


Fio.  7 

vane  V  to  line  B  and  V  takes  up  a  charge  similar  to  0 
and  P.  hence,  it  is  repelled  by  0  and  P  and  is  attracted 
by  M  and  N.  thus  giving  a  deflection.  If  A  becomes 
grounded,  a  deflection  in  the  opposite  direction  is  ob- 
tained. 

Instruments  of  this  kind  can,  of  course,  only  be  used 
where  the  voltage  is  fairly  high,  as  the  electrostatic  forces 
I>roduced  by  charges  due  to  low  voltages  would  not  be 
large  enough  to  oj)erate  an  instrument  unless  it  wer^^ 
made  much  too  delicate  to  be  of  practical  use  in  a  power 
hotisc.     In  most  electrostatic  detectors  the  lines  arc  con- 


nected directly  to  the  fixed  sectors,  and  the  condensers 
cc  are  omitted. 

Fig.  7  shows  a  General  Electric  three-phase  electro- 
static detector  without  condensers.  It  is  practically  three 
single-phase  detectors  combined  in  one  instrument. 
When  no  ground  exists,  the  three  needles  point  toward 
the  center.  ^Mien  a  ground  occurs  on  one  of  the  lines, 
the  two  adjacent  needles  are  deflected  toward  the  segment 
to  which  the  grounded  line  is  connected.  Shoiild  a 
ground  occur  on  two  lines  the  needle  between  the  seg- 
ments connected  to  the  grounded  line  will  be  deflected 
toward  the  one  having  the  lower  resistance  ground  and 
the  two  remaining  needles  will  be  deflected  toward  the 
grounded  segments. 

The  Turbo  Converter 

A  novel  machine  was  described  by  F.  Creedy  at  a  recent 
meeting  of  the  British  Institution  of  Electrical  Engineers. 
It  is  intended  to  overcome  the  difficulty  of  commutation 
often  troublesome  in  high-speed  turbo-generators  of 
large  output,  which  fact  led  H.  M.  Hobart  to  pro- 
pose that  when  continuous  current  is  required,  a  turbo- 
alternator  be  used  in  conjunction  with  a  rotary  con- 
verter, ilr.  Creedy,  in  fact,  follows  this  suggestion  to 
the  extent  of  using  a  turbine  to  drive  a  converter,  but  not 
a  rotary  converter  of  the  ordinary  type ;  instead,  he  em- 
ploys a  "motor-converter,'"  very  similar  to  the  machine 
known  by  that  name  and  invented  by  Messrs.  Bragstad 
and  La  Cour,  which  has  become  widely  used  in  England 
on  account  of  its  cheapness  and  efficiency. 

In  the  motor-converter  there  are  really  two  machines — 
an  induction  motor  and  a  rotary  converter  driven  by  the 
motor.  The  winding  of  the  rotor  of  the  motor  is  con- 
nected by  conductors  through  a  hollow  shaft  with  the 
armature  of  the  converter,  at  suitable  points,  and  about 
half  the  power  is  transmitted  to  the  converter  through 
these  windings,  while  the  other  half  is  transmitted 
mechanically  through  the  shaft,  dri\"ing  the  converter  as 
an  ordinary  continuous-current  generator.  The  result  is 
that  the  combined  machine  runs  at  half  the  speed  at  which 
the  motor  would  run  if  it  were  not  coupled  to  the  con- 
verter, and  possesses  other  advantages  which,  however, 
need  not  be  mentioned  here.  ^Ir.  Creedy  availed  himself 
of  the  rt'<luction  in  speed  to  permit  the  commutator  of  the 
continuous-current  part  of  the  machine  to  work  under 
better  conditions  than  obtain  in  the  case  of  a  dynamo 
directly  coupled  to  a  turbine. 

In  the  turbo-converter,  the  induction  motor  is  replaced 
by  an  induction  generator,  the  squirrel-cage  rotor  of 
which  is  mounted  on  the  shaft  of  the  turbine  and  there- 
fore driven  by  the  latter.  This  construction  is  particu- 
larly favorable,  as  the  rotor  can  he  very  strongly  built,  and 
is  easily  capable  of  withstanding  the  high  speed  of  rota- 
tion, sometimes  as  high  as  3000  r.p.m.  The  "pri- 
mary" of  the  generator,  as  it  is  called,  thougli  the  name 
is  not  very  appropriate,  revolves  round  the  "secondary" 
or  rotor,  but  is  in  no  way  connected  to  the  turbine  shaft ; 
it  is  carried  on  the  shaft  of  the  converter,  as  shown  in 
Figs.  1  and  2.  The  primary  is  driven  by  the  torque  d>ie 
to  the  currents  circulating  in  the  secondary  and  primary, 
and  the  currents  generated  in  its  windings  are  led  by 
insulated  conductors  tlirough  the  hollow  shaft  to  the 
armature  of  the  continuous-current  part  of  the  rotary 
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converter,  in  which  they  are  converted  to  continuous  cur- 
rent. The  torque  wliich  drives  the  primary  is  trans- 
mitted mechanically  through  the  shaft  to  the  armature 
also,  and  drives  the  latter  as  a  generator.  Thus  the  wliole 
output  of  the  turbine,  less  losses,  appears  on  the  contin- 
uous-current commutator. 

Xow,  the  speed  of  the  converter  armature,  as  in  the  case 
of  the  motor-converter  previously  referred  to,  is  only  half 


-  Frame  of  Primary 


Fig.  1.  Section  through  Windings 


that  of  the  rotor  or  secondary  on  the  turbine  shaft,  if  the 
alternating-  and  direct-current  machines  both  have  the 
same  number  of  poles;  and  it  may  be  slower  still  if  de- 
sired, the  ratio  of  speeds  being  the  same  as  the  ratio  of 
the  number  of  poles  on  the  induction  generator  to  the 
number  of  poles  on  both  machines  added  together.  Thus 
with  a  two-pole  induction  generator  and  an  eight-pole 
converter,  the  armature  of  the  latter  would  run  at  one- 
fifth  the  speed  of  the  turbine.  This  high  ratio,  however, 
would  entail  increased  cost  of  construction.     It  will  be 


Fig.  2.  DiAGEAiiiiATic  Akrangement  of  Generator  and 
Converter 

noticed  that  the  design  of  the  induction  generator  has 
been  so  contrived  as  to  reduce  the  amount  of  overhang 
of  the  rotors  to  the  smallest  possible  amount,  and  the 
joints  between  the  hubs  and  the  two  shafts  have  been 
carried  through  the  bearings  for  the  same  reason.  The 
design  of  the  converter  portion  of  the  set,  however,  is  on 
the  usual  lines. 

The  advantage  of  .the  system  as  compared  with  that  of 
Mr.  Hobart  is  that,  whereas  in  the  latter  the  alternator 
and  the  rotary  converter  would  each  have  to  be  capable  of 
dealing  with  the  whole  output  of  the  turbine,  in  the 
Greedy  system  each  machine  need  only  be  large  enough  to 
carrv  half  the  total  output. 


Rectifier  for  Charging  Three-Cell  Batteries 

The  rectifier  illustrated  herewith  is  intended  for  charg- 
ing three-cell  lead  storage  batteries,  such  as  are  used  for 
automobile  or  gas-engine  ignition  and  for  lighting  auto- 
mobiles from  an  alternating-current  circuit.  It  is  of  par- 
ticular benefit  to  the  motor-car  owner  who  has  a  three- 
cell  battery  equipment,  as  it  enables  him  to  charge  his 
batteries  at  home  at  small  expense  and  with  no  trouble 
whatever,  directly  from  his  lighting  circuit. 

The  apparatus  consists  essentially  of  a  polarized  relay 
acted  upon  by  two  alternating-current  magnets  so  that 
it  vibrates  in  synchronism  with  the  alternations  of  the 
current,  and  arranged  to  reverse  the  connection  of  the 
circuit  as  the  current  reverses.  The  vibrating  arm  is 
magnetized  by  current  from  the  direct-current  side, 
so  that  one  end  is  permanently  North  and  the  other  end 
permanently  South,  depending  on  the  way  the  battery 
is  connected.  The  two  stationary  electromagnets  are 
wound  so  that  their  lower  ends  are  of  the  same  polarity 
at  each  instant.  WTien  the  alternating  current  is  in  one 
direction  the  lower  poles  of  both  stationary  magnets 
are  North,  attracting  the  south  end  of  the  vibrating  arm 


Rectifier  vs'ith  Cover  Removed 

and  repelling  the  north  end.  This  connects  the  alternat- 
ing-current to  the  direct-current  circuit  in  one  direction. 
When  the  alternating  current  reverses,  the  pole  of  the 
alternating  current  magnets  become  South,  attracting  the 
north  end  of  the  vibrating  arm  and  repelling  the  south 
end.  This  reverses  the  connection  of  the  alternating- 
current  to  the  direct-current  circuit,  but  as  the  di- 
rection of  the  current  has  also  reversed,  the  current 
flows  into  tlie  direct-current  circuit  in  the  same  di- 
rection as  before.  The  reversal  of  the  connections 
thus  takes  place  every  time  the  current  reverses, 
so  that  the  result  is  a  pulsating  direct  current.  A  trans- 
former reduces  the  voltage  to  the  proper  value. 
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Ignition  from  Dry  Cells 
By  a.  L.  Bkexxax.  Jk. 

Although  manufacturers  of  storage  batteries  have  made 
progress  during  the  past  few  years  in  raising  their  pro- 
duct to  a  high  standard  of  efficiency,  still  many  mem- 
bers of  the  old  school  adhere  to  the  notion  that  dry  cells 
are  in  many  respects  superior  to  any  other  chemical 
means  of  producing  a  primary  current.  This  idea  has 
been  handed  down  from  one  gas-engine  operator  to  an- 
other with  the  result  that  it  would  now  be  quite  out  of 
the  question  to  dispense  with  them. 

A  few  years  ago  when  many  operators  attributed  the 
majority  of  their  engine  troubles  to  the  electrical  source, 
the  batteries  were  not  at  fault  in  every  instance,  but 
nevertheless,  were  far  from  perfect.  This,  however,  does 
not  hold  true  of  the  present-day  cells,  although  they  do 
occasionally  give  trouble  in  the  hands  of  inexperienced 
operators.  With  this  in  mind  the  following  notes  have 
been  prepared  to  enlighten  the  inexperienced  sufficiently 
to  understand  the  why  and  wherefore  of  dry  cells. 

There  are  several  features  to  be  considered  when  em- 
ploying dry  cells  to  furnish  a  primary  current,  which 
have  to  do  directly  with  the  cells  themselves,  while,  on 
the  other  hand,  there  are  other  points  to  be  looked  after, 
which  indirectly  interfere  with  maintaining  sparking 
efficiency  on  a  low  rate  of  current  consumption. 

In  the  first  place,  the  cells  should  be  kept  in  a  dry  place 
and  fully  protected  from  contact  with  any  other  element. 
The  wiring  should  be  of  ample  size,  all  connections  firm 
and  the  contact  .surfaces  of  the  terminals  sufficiently  large 
to  cause  no  hindrance  to  the  current.  This  feature  in  t"he 
wiring  is  often  overlooked.  Some  wire  is  composed  of 
strands  which  are  apt  tu  become  separated,  some  of  them 
breaking  off,  thus  reducing  considerably  the  carrying  ca- 
pacity of  terminals  of  the  wire;  also  the  switch  contacts 
may  be  at  fault. 

Present  competition  lias  rendered  the  production  of 
coils  and  other  parts  of  the  ignition  system  far  in  ad- 
vance of  wiiat  they  were  a  few  yeans  ago,  and  at  present 
the  several  appliances  to  be  had  are  representative  of  the 
latest  means  of  combining  high  efficiency  in  conjunction 
with  low  discharge  rate  from  the  battery.  These  con- 
ditions, however,  are  entirely  in  the  hands  of  the  oper- 
ator. He  may  have  at  his  disposal  a  thoroughly  modern 
toil  but,  through  poor  adjustments  or  other  cau.ses,  the 
results  may  be  very  poor.  On  looking  into  the  matter  it 
may  be  found  that  a  small  wire  offering  (■onsidcral)lc  re- 
sistance to  the  current  is  tlie  cause  of  apparent  battery  ex- 
haustion— a  cau.se  in  no  way  allied  to  the  source  of  the 
primarv  iiirn-nt. 
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Faulty  coil  adjustments  are  also  largely  responsible 
for  supposed  battery  faults.  By  increasing  the  tension  on 
the  vibrator  the  demands  made  uj)on  the  battery  will  be 
greater  and  in  many  cases  with  no  material  advancement 
in  the  output  of  the  engine.     It  will  be  found  that  having 


obtained  a  spark  of.  sufficient  density  to  ignite  the  com- 
pressed mixture  and  the  motor  is  once  in  operation  that 
the  tension  on  the  trembler  can  be  materially  altered 
without  apparent  change  in  the  running — either  increas- 
ing or  decreasing  the  amount  of  energv'  taken  from  the 
battery.  This  goes  to  show  that  to  get  positive  ignition, 
but  at  the  same  time  to  utilize  as  little  battery  current  as 
possible,  the  several  component  parts  of  its  ignitor  system 
will  have  to  be  adjusted  to  suit  one  another. 

Considering  a  spark  plug,  for  example,  much  is  heard 
about  keeping  the  parts  of  a  spark  plug  tightly  assembled, 
the  points  clean  and  the  connections  of  the  secondary 
wires  secure;  but  what  distance  apart  should  the  points 
be  set  ?  "Some  authorities  recommend  ^^  in.,  some 
less  and  others  more,  and  the  query  naturally  arises — 
who  is  right?  It  may  be  said  that  all  are  correct  as  far 
as  the  actual  operation  of  the  motor  is  concerned,  for  with 
adequate  coils  and  batteries  the  varying  spark  gaps  can  be 
easily  taken  care  of,  but  this  discrepancy  of  spark-plug 
adjustment  is  accompanied  by  material  loss  in  some  cases 
and  invariably  the  battery  is  held  responsible. 

To  correct  this  very  prevalent  fault,  the  spark-plug 
gap  should  be  as  short  as  possible ;  that  is  merely  long 
enough  to  produce  positive  firing.  Also,  the  coil  should 
be  adjusted  to  its  minimum  rate  of  current  consumption, 
which  adjustment  can  only  be  carried  out  when  the  mo- 
tor is  in  operation  and  working  under  its  ordinary  load. 
Positive  and  ample  contacts  at  all  times  are  necessary. 

On  testing  a  spark  plug  under  ordinary  conditions  (at- 
mospheric pressure)  it  is  found  tliat  much  less  electrical 
energy  is  required  than  that  necessary  when  the  plug  is 
in  the  cylinder  and  the  spark  occurs  under  the  high 
compression  pressure  of  the  combustion  chamber. 

This  point  can  be  readily  proved  by  disconnecting  the 
wire  at  the  plug,  unscrewing  the  plug  from  the  cylinder, 
connecting  the  wire  as  before  and  placing  the  threaded 
.section  of  the  plug  on  the  cylinder,  then  turning  the  en- 
gine over  to  the  firing  point,  having  the  switch  in  the 
battery  contact  position.  A  buzz  will  be  heard  when  this 
point  has  been  reached,  providing  the  trembler  is  ad- 
justed approitimately,  if  not,  watch  the  contact  points 
at  the  timer,  for  when  they  arc  together  the  motor  is  on 
the  firing  point. 

If  this  method  cannot  be  I'olJowcil  observe  tiie  marks  on 
the  Hywheel  or  test  the  piston  with  a  wire  to  find  when 
the  top  center  on  the  compression  stroke  is  reached.  When 
the  firing  point  is  found,  adjust  the  coil  to  produce  a 
spark  with  the  least  possible  tension  on  the  trembler. 
Having  completed  this  step,  insert  the  plug  in  the  cyl- 
inder, wire  and  attempt  to  start.  It  will  be  found  diffi- 
cult, however,  to  get  the  motor  to  pick  up  until  the  tei:- 
sion  on  the  vibrator  has  been  materially  increased.  This 
experiment  fully  bears  out  the  point  that  more  elec- 
trical energv'  is  required  to  produce  an  are  under  high 
pressure   than    under  ordinary   conditions. 

Bearing  this  point  in  mind  not  a  few  conceive  the  idea 
that  gas  could  be  more  readily  ignited  at  low  pressures. 


iS 


P  0  W  E  K 


Vol.  31,  Xo.  1 


but  this  is  an  erroneous  notion,  for  gas  is  far  more  sus- 
ceptible to  ignition  when  compressed.  Thus  it  is  found 
that  although  it  takes  decidedly  more  electrical  energy 
to  produce  an  arc  in  high  pressure,  still  there  is  not  such  a 
demand  made  upon  the  battery  as  in  the  case  of  attempt- 
ing to  operate  a  motor  which  is  not  capable  of  producing 
high  compression. 

Defective  mixtures  are  another  element  which  some- 
times very  materially  alfect  consistent  engine  operation 
and  lead  one  to  suppose  the  ignition  is  at  fault.  In  cases 
of  this  kind  one  of  the  first  remedies  suggested  is  a  tighter 
adjustment  of  the  contact  points  which  in  some  cases  may 
appear  to  better  the  conditions,  but  the  motor  should 
operate  without  this  latter  adjustment  which  can  only  re- 
sult in  overtaxing  the  battery  to  a  certain  degree. 

■   "•  •  Ekccpebatiox  of  Battery 

The  points  already  considered  are  those  dealing  with 
how  to  minimize  and  maintain  efficient  operation  on  a 
low  expenditure  of  battery  current  and  although  of  great 
importance  there  are  other  features  of  equal  value. 

For  instance  the  time  allowed  for  recuperation  is  also 
to  be  considered  if  lasting  efficiency  is  desired  from  the 
cells.  It  is  not  altogether  feasible  to  suggest  any  strict 
rules  to  be  followed  in  this  respect,  for  much  depends 
upon  the  method  employed  in  connecting  the  cells.  As- 
suming, however,  that  six  cells  are  used  in  series  it  will 
be  found  in  practice  that  continuous  operation  rapidly 
decreases  the  amperage  and  that  considerable  time  must 
be  allowed  for  recuperation.  To  remedy  this  defect  two 
methods  are  offered.  The  first  is  to  use  two  sets  of  cells 
of  the  required  voltage  alternately.  A  two-way  switch 
should  be  employed  and  during  operation  switch  from 
one  set  to  the  other  about  every  two  hours.  This  method 
will  greatly  increase  the  life  of  the  cells  and  insure  high 
efficiency. 

The  second  method  is  to  connect  the  cells  in  series- 
multiple  which  is  perhaps  superior  to  the  first.  First  con- 
nect the  cells  in  series  in  numbers  sufficient  to  give  the 
required  voltage  and  place  these  sets  of  four  to  six  cells 
in  multiple  by  connecting  the  negative  posts  together  and 
also  the  positive  posts.  Cells  connected  in  this  manner 
give  the  lowest  rate  of  discharge  in  amperes  per  cell  at  an 
increased  ratio  according  to  the  number  of  series  sets  in 
line.  But  it  is  not  a  good  plan  to  carry  this  method  to 
extremes,  for  the  deterioration  while  not  in  operation  is 
considerable :  besides  the  cash  investment  and  space  re- 
quired should  also  be  considered. 

Alcohol  vs.  Gasoline  Engines 
A  few  years  ago  the  alcohol  engine  was  much  discussed 
in  engineering  circles  and  many  went  so  far  as  to  predict 
that  it  was  only  a  matter  of  a  few  years  before  it  would 
entirely  displace  the  gasoline  engine.  Contrary  to  these 
expectations,  however,  the  past  four  or  five  years  have 
witnessed  unprecedented  advances  in  gasoline  engine  de- 
velopment ;  not  only  have  they  been  greatly  improved  in 
design  and  construction  htit  the  number  m  use  has  in- 
creased enormously.  In  striking  contrast  to  this,  the  al- 
cohol engine  has  practically  droppel  out  of  sight,  and 
with  the  exception  of  a  few  laboratories  is  nowhere  to  be 
found  in  actual  operation. 

Recently  we  have  received  a  number  of  inquiries,  from 
readers,  as  to  the  cause  of  these  conditions  and  as  to 
the    comparative    performances    of    gasoline    and    alcohol 


engines.  Perhaps  one  of  the  most  exhaustive  investiga- 
tions into  this  subject  was  that  conducted  by  Messrs. 
Strong  and  Stone  for  the  Bureau  of  Mines.  This  inves- 
tigation extended  over  several  years  and  the  results  have 
recently  been  made  public  in  bulletin  Xo.  43. 

Without  going  into  the  details  of  the  tests  but  quoting 
in  substance  from  the  report,  it  says : 

The  lower  heat  value  of  completely  denatured  alcohol 
averages  10,500.  B.t.u.  per  pound,  or  71,900  B.t.u.  per 
gal. ;  whereas,  the  lower  heat  value  of  gasoline  having  a 
specific  gravity  of  0.71  to  0.73  averages  19,300  B.t.u.  per 
lb.  From  this  it  will  be  seen  that  the  best  value  of  1  lb. 
of  alcohol  is  approximately  six-tenths  that  of  gasoline. 

However,  1  lb.  of  gasoline  requires  about  twice  the 
weight  of  air  for  complete  combustion  that  is  required 
by  1  lb.  of  alcohol.  Hence,  the  heat  value  of  1  cu.ft.  of 
an  explosive  mixture  of  alcohol  vapor  and  air  having 
theoretically  just  sufficient  air  for  complete  combustion  is 
approximately  equal  to  that  of  1  cu.ft.  of  a  similar  mix- 
ture of  gasoline  vapor  and  air — about  80  B.t.u.  per  cu.ft. 
Explosive  mixtures  of  alcohol  vapor  and  air  in  an  en- 
gine cylinder  can  be  compressed  to  much  higher  pressures 
withoyt  preignition  than  explosive  mixtures  of  gasoline 
vapor  and  air.  The  maximum  compression  that  can  be 
used  in  an  engine  without  causing  preignition  depends  on 
the  quality  of  the  explosive  mixture,  the  design  of  the 
engine,  and  the  speed  at  which  it  is  operated. 

For  10  to  15-hp.,  four-stroke-cycle  stationary  engines 
a  compression  pressure  of  about  70  lb.  per  sq.iu.  above 
atmospheric  pressure  was  found  to  be  the  maximum  that 
could  be  used  for  gasoline  mixtures  and  about  180  lb.  the 
maximum  for  alcohol  engines,  without  causing  preigni- 
tion. 

The  maximum  compression  that  could  be  obtained 
without  causing  preignition  was  in  each  case  found  to  be 
the  most  advantageous  with  regard  to  fuel  economy. 

A  gasoline  engine  having  a  compression  pressure  of  70 
lb.,  but  otlierwise  as  well  suited  to  the  economical  use  of 
denatured  alcohol  as  gasoline  will,  when  using  alcohol, 
have  an  available  horsepower  about  10  per  cent,  greater 
than  when  using  gasoline,  ^\^^en  the  fuels  for  which  the 
respective  engines  are  designed  are  used  to  the  same  ad- 
vantage, the  maximum  available  horsepower  of  an  alcohol 
engine  having  a  compression  pressure  of  180  lb.  is  about 
30  per  cent,  greater  than  that  of  a  gasoline  engine  having 
a  compression  pressure  of  70  lb.,  but  of  the  same  cylinder 
diameter,  stroke  and  speed.  Moreover,  an  alcohol  engine 
can,  in  general,  be  so  designed  and  constructed  as  to 
equal  the  gasoline  engine  in  adaptability  to  service,  and 
when  working  at  the  degrees  of  compression  best  suited 
to  the  fuel  supplied,  requires  about  equal  volumes  of  gas- 
oline and  denatured  alcohol  per  brake  horsepower-hour. 

A  fair  idea  of  the  best  economy  obtained  in  tests 
on  engines  of  10  to  15  hp.  will  be  gained  from  the  fol- 
lowing tabulated  results : 

Compression  Fuel  per  b.hp.-hr. 

T\iel  Pressure 

Pounds  per  sq.in.     Pounds     Gallons 
Gasoline  \     '<^  0-60         0.100 

I    90  0.58         0.097 


Alcohol 


f  70 
^  180 
[200 


0.96 

0.140 

0.71 

0.104 

n.fi8 

n.iino 

Jamiary  7,  1913 


P  0  W  E  R 


19 


When  (k'liaturt'd  alcohol  is  used  iu  10-  to  15-lip.  four- 
stroke-cycle  engines  having  a  compression  pressure  of  ap- 
proximately 180  lb.  and  the  engines  are  operated  at  their 
maximum  loads,  explosion  pressures  reach  600  to  700  lb. 

From  the  foregoing  it  will  be  seen  that  under  the 
proper  conditions  of  compression,  etc.,  the  alcohol  engine 
is  as  efficient  as  the  gasoline  engine  or  perhaps  more  so. 
Therefore,  one  must  look  to  other  causes  to  account  for 
its  disuse.  A  little  study  will  show  that  it  is  purely  an 
economic  question;  the  price  of  denatured  alcohol  still 
remains  'prohibitive  as  compared  with  gasoline  and  not 
until  tliese  prices  are  more  nearly  equalized  will  the 
alcdluil  engine  attain  commercial  success. 

Research  Work  on  Large  Diesel  Engines 

Among  the  firms  which  have  contributed  to  the  suc- 
cessful development  of  large  Diesel  engines  in  Europe, 
that  of  Blohm  &  Voss,  shipbuilders,  in  Hamburg,  rank 
.second  to  none.  Considering  the  great  expenditure  re- 
quired for  experiments  of  this  character  and  the  limited 
capital  at  the  disposal  of  the  individual  concern,  it  is  but 


<;.)(i-mm.  stroke  (18.7x25.3  in.),  developing  10(10  b.hp. 
This  engine  has  been  on  the  testing  floor  of  Blohm  &  Yoss 
for  18  months  and  various  experiments  have  been  con- 
ducted Mdth  it,  the  purpose  being  to  establish  some  funda- 
mental deductions  for  the  standard  design  of  large  double- 
acting  two-stroke-cycle  Diesel  engines. 

The  research  has  been  directed  chiefly  toward  the  evo- 
lution of  reliable  stuffing  boxes,  of  suitable  and  safe  cov- 
ers for  the  lower  cylinder  sides,  and  of  a  simple  govern- 
ing gear.  All  these  problems  can  now  be  considered  as 
solved,  and  the  firm  is  ready  to  guarantee  the  operating 
safety  and  durabilit}^  of  large  double-acting  Diesel  en- 
gines. In  other  words,  the  difficulties  attendant  upon  the 
double-acting  principle  have  been  practically  overcome 
and  it  remains  to  study  the  difficulties  associated  with  the 
heat  conduction  from  the  cylinder  walls. 

A  new  combination  consisting  of  two  three-cylin- 
der units  having  an  aggregate  capacity  of  2-100  hp., 
and  another  of  two  single-acting,  two-stroke-cycle,  four- 
cylinder  units  with  an  aggregate  output  of  4000  hp.,  will 
be  ready  for  testing  early  this  year. 

The  new  engines  have  an  open  frame  and  the  scavenging 
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iialur;il  IIkiI  llic  ti-iidriicy  III'  manufacturers  in  (Jci-niany 
is  t(i  iiijiiliinc  tlicii-  tinaiM'ial  forces  in  (U'dcr  to  srciii'c  re- 
sults in  this  coniiiliciitcd  and  expensive  line  of  machine 
building.  Aciordingly.  a  research  association  was  formed 
some  time  ago  iietwcen  the  Maschinenbaugesellschaft 
Xiirnberg  and  the  aforesaid  firm  in  Hamburg  for  the 
])urpos('  of  bnildiiig  large  Diesel  engines  separately,  test- 
ing ilctails  iif  construction,  and  exchanging  the  results. 
'I'lie  first  engine  built  on  this  basis  in  Hamburg  is  here- 
with shown.     It  has  three  cylinders  of  4S0-mm.  ftore  and 


|>nni|is  which,  in  the  lirst  expi'i-inicntal  engine,  were  ar- 
nmgril  (in  the  iimlnngalion  of  the  shaft,  are  at  the  side, 
actuate(l  by  balance  levers.  The  policy  of  Blohm  &  ^'oss 
is  to  luiilil  two-stroke-cycle  engiiu>s  u]i  to  3000  hp.,  single- 
acting,  and  above  this  dduhlc-Mrting.  This  is  because 
tin-  complications  invdhcd  in  ihr  (lmd>le-acting  engine 
are  not  welcomed  by  (lie  operating  attendants,  who,  in 
the  smaller  plants,  do  not  often  ]iossess  the  required  abil- 
ity, and  because  up  to  sizes  of  .S(»0(l  h]).  tlie  economies  to 
bo  realized  a.s  to  space  and  weight  are  inconsiderable. 
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HEATING     AND    VENTILATION 
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Graphical  Solution  of  Heating  Problems 

lu  The  ^yisconsin  Engineer,  Prof.  H.  J.  Thorkelson 
presented  a  useful  chart  for  determining  areas  and  cubical 
contents  and  an  ingenious  circular  slide  rule  for  calculat- 
ing radiating  surface.  Both  had  been  constructed  bj'  form- 
er students  of  the  University  of  Wisconsin. 

In  meeting  problems  of  heating  and  ventilation  of  the 
recent  university  buildings,  the  general  plan  followed  was 
to  provide  direct  radiation  in  the  rooms  to  supply  the  heat 
necessary  for  the  usual  radiation  and  convection  losses, 
and  to  install  such  additional  indirect  heating  surface  as 
required  to  heat  the  fresh  air  used  for  ventilation  to  room 
temperature.  The  direct  radiation  surface  required  for 
rooms  was  computed  by  deriving  a  formula  based  on  the 
following  heat  losses  per  degree  difference  of  temperature 
per  hour  per  unit  used:  Radiation,  glass,  1  B.t.u.  per 
sq.ft. ;  wall,  0.25  B.t.u.  per  sq.ft. ;  convection  0.04  B.t.u. 
per  cu.ft. 

As  outdoor  temperatures  of  — 20  deg.  F.  are  frequent,  it 
was  necessarj'  to  base  calculations  on  a  90-deg.  difference 
of  temperature,  giving  an  hourly  heat  loss  of 
90    (G  +  0.25   n"'+  0.04  C) 
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Fig.  1.  Area  and  YoLfME  Chaet 
where 

G  =  Square  feet  of  window  opening ; 

W  =  Square  feet  of  net  exposed  wall  surface; 

C  =^  Cubical  contents  of  the  room. 

With  a  heat  transmission  of  300  B.t.u.  per  sq.ft.  of 
radiator  surface  per  hour  by  a  steam  radiator,  the  above 
formula  would  indicate  a  radiating  surface  of 
i-^  (G  -f  0.25  W  +  OM  C)  = 
O.S  (0  -f  0.25  W  -f  O.O.k  C) 
and  this  was  the  formula  used  to  determine  the  square 
feet  of  radiating  surface. 

To  expedite  calculations  of  this  kind  the  chart  shown 
in  Fig.  1  will  be  found  convenient.  Areas  are  found  by 
using  the  inclined  lines  from  the  lower  left-hand  corner 
and  scale  A  for  the  two  dimensions  with  the  product 
shown  on  scale  B. 


If  volumes  are  desired,  the  area  is  found  as  indicated 
on  scale  B  and  this  result  is  transferred  to  scale  C  and 
followed  in  a  vertical  line  to  the  dimensions  of  height 
shown  on  the  lines  radiating  from  the  lower  right-hand 


Fig.  2.    C'iecular  Slide  Rule  for  Determixixg 
Radiation 

corner;  the  volume  will  be  shown  in  scale  D.  This  en- 
ables easy  calculations  of  G,  W  and  C. 

For  simple  calculations  of  the  required  radiating  sur- 
face from  the  formula  given  the  slide  rule  shown  in  Fig. 
2  may  be  used. 

Scales  A,  B  and  C  are  cut  out  in  one  piece,  forming 
the  movable  scale  of  the  slide  rule,  and  D  the  fixed  scale. 
A  swinging  arm  is  fastened  to  the  center  of  the  rule,  and 
in  starting  both  scales  are  set  at  0.  The  swinging  arm 
is  then  moved  on  Scale  B  to  the  figure  indicating  G  of 
the  formula,  and  held  there.  The  movable  scale  is  then 
revolved  until  its  zero  coincides  with  the  swinging  arm. 
This  arm  is  then  moved  on  scale  A  to  the  figure  repre- 
senting Tf  of  the  formula  and  held  there. 

The  movable  scale  is  then  revolved  until  its  zero  coin- 
cides with  the  swinging  arm.  This  arm  is  then  moved  on 
scale  C  to  the  figure  representing  C  of  the  formula.  Scale 
D  will  then  show  the  square  feet  of  steam  radiation  re- 
quired. 

If  a  gravity  hot  water  system  is  used  this  result  should 
be  multiplied  by  1.5  to  obtain  the  required  square  feet  of 
hot  water  radiation.  If  forced  circulation  is  used  thi;, 
ratio  mav  be  reduced. 
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A  New  Arrangement  of  Heating  Boilers 

By  Di!.  Alfred  Gradenwitz 

Extensive  heating  plants  supplied  from  a  central  boiler 
set  have  become  more  and  more  general  of  late  years. 
Heating  boilers  had,  accordingly,  to  be  given  ever  larger 


carel'ul  tests  made  on  a  hot-water  boiler  of  294.9  sq.ft. 
heating  area,  by  the  Swiss  Association  of  Steam  Boiler 
Owners.  It  may  be  noticed  that  the  maximum  efficiency 
has  been  found  to  be  upwards  of  86  per  cent,  while  the 
average  flue-gas  temperature  even  at  forced  loads  re- 
mained below  390  deg.  F.     These  results  have  been  ex- 


FiG.  1.    Froxt  View  of  Boiler 


Fig.  2.  Rear  View  of  Boiler 


dimensions,  thus  taking  up  more  room  and  becoming 
more  e.xacting  as  far  as  their  superintendence  is  con- 
cerned. 

Messrs.  Gebriider  Sultzer's  new  large  size  boiler,  which 
is  shown  in  Figs.  1  and  2,  and,  like  smaller  heating  boilers, 
is  made  up  of  several  cast-iron  units,  is  a  decided  advance 
in  this  connection.  This  boiler  allows  of  convenient  op- 
eration up  to  the  following  maximum  dimensions:  width, 
5.9  ft.;  height  (including  platform),  5.9  ft.;  length 
6.9  ft.  " 

The  heating  area  of  a  hot-water  boiler  of  this  size,  by 
1  oinputation  is  403.65  sq.ft.,  the  grate  surface  10.44  sq.ft. 
and  tlie  output  under  normal  working  conditions  1,270,- 
('00  B.t.u.  per  hr.  The  snuillest  size  of  this  type  of  boiler 
is  3  ft.  3  in.  in  length  and  under  normal  working  condi- 
tions it  yields  555,550  B.t.u.  per  hr. 

Low-pressure  steam  boilers  apart  from  the  fittings,  have 
the  same  outwanl  appearance,  their  top  part  serving  as  the 
steam  compartment.  On  account  of  the  low  water  level, 
tlie  heating  area  in  contact  with  water  is,  of  course,  some- 
what smaller  than  the  heating  area  of  hot-water  boilers  of 
the  .same  external  dimensions.  This  wouhl  be  363.8 
sq.ft.  in  the  largest  size  boilers,  the  output  being  1,113,000 
ll.t.u.  at  normal  loads.  The  smallest  size  boiler  of  this 
1  pe  has  a  heating  area  of  157  sq.ft.,  the  normal  outi)ut 
li'ing  77S.000  B.t.u.  per  hr. 

Fig.  3  illustrates  the  efficiency  of  the  boiler  at  various 
loads,  its  coal  consumption,  flue-gas  temperatures  and  the 
intensity  of  draft  in  the  flue.    These  are  the  results  of 


ceeded  on  boiler  plants  iii  permanent  ojieration  with  the 
government  authorities  of  several  states. 

If  the  heat  consumption  of  a  heating  plant  becomes 
so  considerable  that  a  single  boiler  is  no  longer  sufficient, 
two  or  more  boilers  are  combined.  To  reduce  the  space  re- 
quirements to  a  minimum,  the  boilers  are  installed  in 

RUHR  PATENT  COKE  =  I2,7S0  B.  f.l/.J>er/l>. 
v/aier Contents^  0.73  Percent. 
Noncombusfible  -  9.35  Percent 
Combustible  -  89.92  Per  Cent 

GAS  COKE  FROM  WINTERTHUR  6AS  W0RKS=/?7J25iy.O?/-/A 
Water  Contents  =  I  39  Percent 
Noncombusfible  - 10. 26  Per  Cen  t 
Combustible^  68.35  Percent 

Heating  Surface  =  d94.9  sq.ft. 
Grate  Surface'  8.2  sq ft. 

ISO'rahrtnlieit 
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B. +.U.    per    Square   Foot    Heo+lng  Surface 

Fig.  3.   f'tnvEs  PLoTiEn  eho.m  Te.st  Data 

batteries,  being  covered  by  common  jjlatcs  as  represented 
in  Fig.  4,  which  is  a  photograph  of  a  low-pressure  steam 
boiU-r  plant  recently  installed  at  Schafl'hausen,  Switzer- 
land. It  comprises  six  furnaces  of  which  any  number  can 
be  operated  at  a  time.  The  ground  area  covered  by  the 
boilers  is  35.4x6.2  ^t.  =  220.7  sq.ft.,  the  height  from 
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the  floor  to  the  platform  being  7.87  ft.  The  total  heating 
area  in  contact  with  water  is  1976.3  sq.ft.  and  the  drying 
surface  in  contact  with  steam  219.6  sq.ft. 

The  normal  output  of  this  set  of  steam  boilers  proves 
to  be  6,214,000  B.t.u.  per  hr.  As,  however,  further 
units  are  to  be  added,  the  total  output  after  the  ultimate 
completion  of  the  boiler  plant  will  amount  to  15,872.000 
B.t.u.     The  total  coke-fiUing  space  for  the  time  being. 


ercise  their  ingenuity  to  make  a  two-pipe  radiator  work 
quietly  on  a  single-pipe  system,  or  vice  versa,  but  it  can 
be  done  as  Figs.  1  and  3  will  show. 

Fig.  3  shows  methods  of  connecting  a  pipe  coil  on  a 
single-pipe  system.  If  the  coil  is  long  and  the  difference 
of  pressure  between  the  inlet  and  outlet  is  considerable, 
the  discharge  leg  of  the  seal  should  be  made  the  shorter 
to  get  the  benefit  of  tlie  head  on  the  other  leg. 


is  20.5.-5  cu.ft.,  so  that  the  boiler  can  run.   without   re- 
plenishing for  about  ten  hours. 

In  these  boilers  the  fuel  may  be  readily  inserted 
through  an  upper  hopper  on  the  platform  and  distributed 
by  means  of  the  door  in  the  front  wall.  Sheet  metal 
chutes,  through  which  the  coke  slides  down  automatically 


When  it  is  necessary  to  ])nt  a  pocket  in  the  steam-sup- 
plv  pii)e  to  get  to  a  coil  on  the  ceiling,  it  may  be  drained 
into  the  return  as  shown  in  Fig.  4.  If  there  is  any  doubt 
about  the  necessity  of  a  seal  in  a  return  or  drip  pipe,  be 
on  the  safe  side  and  put  one  in.  One  nnsealed  connec- 
tion to  a  line  is  generally  allowable  and  is  sometimes  ad- 


FlG. 


1.   Two-pipe   Radiator  on 
SixGLE-piPE  System 


Fig.  2.  Sixgle-pipe  Radiator  on 
Two-pipe  System 


Fig, 


3.  Coil  Conxectioxs  ix 
Sixgle-pipe  System 


from  an  elevated  bunker,  may  be  provided  and  the  fuel 
may  be  conveyed  from  the  store  directly  above  the  hop- 
pers in  trucks  traveling  on  rails  suspended  below  the 
roof.  The  flues  run  horizontally  and  after  opening  the 
front  and  rear  doors,  they  can  be  cleaned  withotit  inter- 
fering with  the  service. 

In  Fig.  4  may  be  seen  the  gage  glasses  near  the  npper 
ends  of  tlie  flue  doors,  as  well  as  a  vertical  mercury  gage 
for  each  boiler.    At  the  bottom  is  the  ash])it  drop  door. 

Radiator  and  Coil  Connecting 
By  W.  T.  Meixzer 

Engineers  are  often  furnished  with  a  nondescript  lot 
of  radiators  arid  told  to  go  ahead  and  heat  up  a  build- 
ing or  add  to  an  existing  installation.     Thev  have  to  ex-     svstem. 


Ceiling 

y//////y////////y///////wm<m//^^^^^^ 


Fig.  1.  Draix'ix'G  a  Pocket  ixto 
the  Retukx 

visable.  Each  installation  has  its  own  problems  and 
laying  out  the  piping  on  paper  first  will  greatly  simplify 
tlie  work.  The  obstacles  will  be  anticipated,  so  that  the 
installation  work  will  be  straightforward  and  there  will 
be  no  occasion  to  reconstruct  or  modify  any  part  of  the 
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Review  of  the  Year   1912 

As  a  whole  the  vear  1912  was  marked  by  little  that  was 
sensational  in  the  power  field,  but  it  was  a  year  of  steady 
growth  in  nearly  all  lines.  The  best  thought  has  been  put 
to  the  development  to  the  point  of  greater  commercial  use- 
fulness of  nearly  all  standard  parts  in  the  equipment  of 
the  power  plant.  Very  many  smaller  improvements,  far 
too  numerous  to  mention  within  the  scope  of  a  review 
such  as  this,  have  been  made,  but  in  the  following  it  will 
l)e  attempted  to  enumerate  only  the  most  important  events 
of  the  year. 

Ever  increasing  attention  is  being  given  to  the  obtain- 
ing of  higher  efficiency  in  the  making  of  the  steam.  To 
this  end  greater  interest  is  being  shown  in  flue-gas  analy- 
sis and  combustion  recorders  that  firing  may  be  im- 
proved. More  opportunity  to  increase  over-all  efficiency 
is  open  in  this  direction  than  any  otlier.  In  the  last 
year  considerable  space  has  been  given  to  the  subject  in 
these  pages,  and  it  is  felt  that  the  knowledge  of  this  hith- 
erto .somewhat  ill-understood  phase  of  steam-plant  opera- 
tion is  growing. 

Applications  of  superheated  steam  are  extending.  The 
advantages  realized  from  its  use  in  steam  turbines  and 
locomotives,  liave  led  to  new  efforts  to  use  it  upon  the  part 
of  those  designing  reciprocating  engines,  and  notable 
steps  have  been  taken  to  overcome  the  difficulties  that 
^vere  involved. 

The  necessity  of  the  use  of  separators  is  being 
I'ecognized,  for  although  superheated  steam  is  nor- 
mally dry,  local  condensation  may  occur  and  ran  ex- 
ist even  in  a  surrounding  of  superheated  steam.  The 
elimination  of  moisture  is  especially  important  where  the 
steam  is  u.sed  iu  turlhnes  to  reduce  blade  erosion.  With 
the  e.xtending  use  of  superheated  steam,  certain  set  prin- 
ciples of  practice  are  being  established.  For  example, 
wliat  may  be  called  moderate  superheat  is  being  generally 
settled  upon,  that  is,  of  from  100  to  150  deg. 

Exhaust-steam  turbines  continue  to  gain  in  recognition 
of  their  merits.  Eeci])rocating  engines  in  lombination 
with  turbines  to  use  their  steam  tlirough  the  lower  ranges 
of  expansion  are  the  universally  accepted  means  of  ob- 
taining the  highest  steam  economy.  Many  more  plants 
have  lieen  added  to  the  numlier  now  containing  those  com- 
bination installations  and  by  such  arrangements  many 
plants  have  been  enaliled  to  obtain  necessary  increased  ca- 
pacity without  an  extension  of  liousiiig  area. 

A  controversy  '  was  initiated  by  the  results  of 
Duchesne's  investigation  on  superiieat,  when  they  were 
given  publicity;  thus  far  his  findings  s('(>m  to  be  (pies- 
tioned  by  more  than  give  them  credence.  Urii'fly  liis  con- 
clusions were  that  determinations  upon  su])erheat  in  wliich 
mercurial  tliernKimeters  wore  used  were  inaccurate;  he 
determined  the  variation  of  the  specific  heat  of  super- 
heated steam  and  showed  that  as  the  pressure  increases 
all  its  properties  become  independent  of  the  pressure  and 
vary  only  as  a  function  of  the  temperature.     It  remains 


for    the    authorities    to    establish    the    acceptability    of 
Duchesne's  results  or  the  older  ones. 

The  study  of  steam-engine  performance  received  an  im- 
portant aid  in  the  advent  of  the  Clayton  method  of  an- 
alyzing indicator  diagrams.  At  the  spring  meeting  of  the 
American  Society  of  Mechanical  Engineers,  the  inventor, 
J.  Paul  Clayton,  presented  a  paper  indicating  that  there 
exists  a  relation  more  or  less  definite  between  the  quality 
of  the  steam  at  cutoff  and  the  exponent  of  the  expansion 
curve.  The  exponent  is  easily  determined  by  the  pitch 
of  the  curve  when  reduced  to  a  straight  line  by  refer- 
ence to  logarithmic  coordinates.  The  logarithmic  dia- 
gram promised  a  means  of  determining  the  leakage  into  or 
out  of  the  cylinder,  and  of  the  clearance,  which  promise 
does  not  seem  to  be  fulfilled  by  its  application  to  general 
work.  The  paper  excited  an  unusual  amount  of  discus- 
sion, which  is  still  in  progress. 

Early  in  1911  the  Xordberg  Manufacturing  Co.  built 
the  first  American  uniflow  steam  engine  and  from  the 
extensive  tests  made  upon  it  developed  the  type  which 
was  put  on  the  market  last  year.  It  differs  from  its 
German  prototype,  the  Stumpf  engine,  in  having  Corliss 
instead  of  poppet  valves,  but  obtains  the  same  increased 
economy  through  largely  reducing  the  loss  due  to  initial 
condensation.  This  engine  is  remarkable  for  its  great 
overload  capacity  and  its  flat  steam-consumption  curve 
and*  has  particular  advantages  where  the  load  is  subject 
to  wide  fluctuations.  The  C.  &  G.  Cooper  Co.  and  the 
Mesta  Machine  Co.  have  also  made  engines  of  this  type. 

As  to  the  progress  of  that  most  remarkable  of  power 
plants  for  its  overall  efficiency,  the  locomobile,  nothing 
reed  be  said  in  this  review  as  a  very  complete  article  on 
this  subject  was  given   in   the  last   issue. 

The  indications  are  that  our  government  has  returned 
to  the  reciprocating  engine  as  the  favored  equipment  for 
powering  its  battleships.  Many  consider  that  this  deci- 
sion has  been  too  hastily  readied  and  that  the  compari- 
sons made  between  such  turbine-driven  vessels,  as  we  al- 
ready have,  and  those  having  reciprocating  engines,  al- 
though showing  to  the  disadvantage  of  the  former,  should 
not  have  been  taken  so  conclusively.  The  decision  seems ^ 
to  have  precluded  allowance  for  improvements  or  modifi- 
cations that  may  now  be  made  in  turbine  installations  on 
the  strength  of  the  experience  which  has  been  gained. 
I''oreign  builders  of  trans-Atlantic  liners  continue  to  equip 
them  with  turbines.  Probably  the  two  colliers,  one  to  be 
equipped  _^with  reducing  gears  and  tlie  other  with  electric 
transmission  between  the  turbine  and  ]iropellers,  will 
throw  some  new  light  on  the  problem  of  adjudicating  the 
speed  dilTerences  between  the  two  ends  of  the  system. 
I'erhaps  the  most  ])romising  solution  is  to  be  looked  for  in 
a  comhination  of  reciprocating  engines  and  turbines. 

Among  the  several  advances  of  moment  as  afl'ecting  the 
auxiliary  e(|ui])inent  of  steam-iKiwer  plants  may  be  men- 
tioned imi)rovenient  of  chain  and  underfeed  stokers  to  the 
])oiiit  where  tlirir  usefulness  is  considerably  enhanced  and 
thcii-  i>]icriition  made  more  .satisfactory;  the  aiiiilication  of 
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kinetic  air  pumps  to  surface  condensers  of  large  size  and 
their  much  more  general  use,  and  the  use  of  steel  becom- 
ing the  established  practice  for  valves  and  fittings  in 
steam  lines  carrying  superheated  steam. 

A  sorry  muddle  has  been  the  only  result  so  far  of  the 
attempt  to  establish  a  standard  for  pipe  flanges  and  fit- 
tings. The  American  Society  of  Mechanical  Engineers 
and  the  Xational  Association  of  Master  Steam  and  Hot 
Water  Fitters  collaborating  proposed  a  set  of  specifications 
to  which  the  manufacturers  immediately  took  lexception 
and  brought  out  one  of  their  own,  so  that  there  are  now 
two  standards,  the  United  States  and  the  Manufacturers. 
It  is  to  be  hoped  that  before  another  year  draws  to  a 
close  there  may  be  a  compromise  and  that  one  standard 
will  be  accepted  by  all. 

Another  new  departure  for  American  builders  is  the 
introduction  of  turbo-blowers  and  compressors.  A  line 
of  these,  recently  announced  by  Henry  R.  ^\'orthington. 
will  he  found  referred  to  on  other  pages  of  this  issue. 

The  contest  between  the  isolated  plant  and  the  central 
station  has  continued  and  it  would  be  hard  to  say  which 
has  gained  the  most  ground.  The  most  hopeful  conclu- 
sion that  can  be  drawn  is  that  there  is  a  growing  disposi- 
tion to  }-ield  the  decision  in  any  specific  instance  to  the 
true  engineering  claims  of  eitlier  side.  Unquestionably 
there  are  conditions  where  the  one  is  decidedly  preferable 
to  the  other  and  under  such  circumstances  it  is  .short- 
sighted to  advocate  the  wrong  service ;  it  cannot  but  work 
to  the  later  disadvantage  of  that  class  of  service.  Both 
have  their  fields  and  the  rapidity  of  progress  of  each 
will  be  in  proportion  to  the  extent  to  which  each  confines 
itself  to  its  legitimate  field. 

Regrettably,  no  more  states  have  yet  joined  with  Minne- 
sota, Montana,  Massachusetts  and  Ohio  in  adopting  ^ade- 
quate boiler-inspection  and  engineers'  examination  laws. 
Several  states  are  considering  such  legislation,  and  it  is 
very  probable  that  California  will  be  the  next  to  have  its 
name  put  on  the  roll  of  honor,  with  more  soon  to  follow. 

Anent  boiler  safety,  it  is  fitting  to  call  attention  to  the 
new  Jacobs-Schupert  locomotive  firebox.  As  distinguished 
from  tlie  ordinary  radial-stay  firebox,  this  one  contains 
no  stays,  but,  as  described  in  the  July  "2,  1912,  issue, 
is  constructed  of  U-sections,  between  which  are  riveted 
stay  sheets.  A  remarkable  test  of  the  two  fireboxes  fitted 
to  standard  locomotive  boilers  was  made  at  Coatesville, 
Penn.,  last  summer.  The  two  were  fired  under  full  boiler 
pressure  and  the  feed-water  supply  cut  off.  The  radial- 
stay  firebox  boiler  exploded  when  the  water  had  fallen  to 
14l^  in.  below  the  crown  sheet,  but  when  the  water  was 
more  than  25  in.  below  that  point  in  the  boiler  equipped 
with  the  Jacobs-Schupert  firebox,  it  was  still  intact  and 
the  test  had  to  be  discontinued  when  the  water  had  fallen 
to  the  point  where  the  evaporation  would  not  keep  up  the 
draft.  Evidently  this  year  marked  the  discovery  of  an 
explosion-proof  locomotive  boiler. 

Among  new  hydro-electric  propositions  is  that  under 
way  near  Pittsburgh.  It  is  estimated  that  over  100,000 
hp.  can  be  developed  when  the  installation  is  complete. 
The  Keokuk,  Iowa,  hydro-electric  development  made  con- 
siderable progress  and  during  the  summer  the  7300-kw. 
generators  were  completed  for  the  installation.  Perhaps 
the  most  notable  water-power  work  duriag  the  year  was 
that  done  by  the  Great  Western'  Power  Co.,  in  California, 
m  extension  of  its  present  system.  When  the  work  now 
iinder  way  at  Feather  River  is  finished,  this  eompanv  will 


h.ave  added  to  its  capacity  about  600,000  hp.,  including 
the  completed  Big  Bend  plant,  which  alone  contains  four 
1.5,000-hp.  units. 

Most  of  the  advances  in  the  electrical  field  during  the 
past  year  have  been  in  the  transmission  of  power.  Im- 
proved types  of  suspension  insulators  have  made  it  pos- 
sible to  employ  voltages  heretofore  regarded  impractic- 
able. Already  there  is  a  140.000-volt  transmission  line  in 
successful  operation  in  Michigan,  and  a  power  develop- 
ment is  under  construction  in  California,  which  will  em- 
ploy  150,000  volts. 

Alternating-current  practice  has  not  lieen  alone,  how- 
ever, in  this  tendency  toward  the  employment  of  higher 
voltages,  for  a  trolley  road  has  recently  been  put  in  ser- 
vice in  Montana  which  operates  on  24<iO-volt  direct-cur- 
rent, and  1200-volt  lines  are  becoming  quite  popular  in  the 
Middle  West. 

As  regards  generating  equipment,  the  tendency  toward 
larger  imits  was  evinced  by  the  installation  of  20,000-kw. 
^ertieal  turbo-generators  at  the  Waterside  station  of  the 
Xew  York  Edison  Co.,  and  the  Commonwealth  Edison 
Co.,  of  Chicago,  has  contracted  for  one  of  still  larger  size 
— a  30,000-kw.  horizontal  unit.  Larger  sizes  have  also 
spread  to  rotary  converters,  some  3000-kw.  vertical  ma- 
chines having  been  installed  during  the  past  j'ear.  It 
might  also  be  mentioned  that  these  were  the  first  of  this 
class  employing  both  the  synchronous  booster  and  the 
comniutating-pole  features. 

In  the  gas-power  field  the  greatest  progress  during  the 
past  year  seems  to  have  been  in  the  oil'  engine.  The 
exceptionally  large  Diesel  engines,  advocated  so  .strongly  a 
year  or  two  ago,  still  appear  to  be  in  the  experimental 
stage,  but  the  small-  and  medium-sized  Diesel  engines 
have  come  to  stay,  and  their  iise  is  becoming  very  general 
in  Europe.  A  noteworthy  event  during  the  past  year 
was  the  crossing  of  the  Atlantic  by  the  first  Diesel  liner. 

The  Junkers  engine  has  also  come  into  some  promin- 
ence in  Germany.  Wliile  the  iise  of  the  Diesel  engine 
cannot  be  said  to  have  spread  very  much  in  America, 
nevertheless,  the  expiration  of  the  Diesel  patents  in  the 
United  States,  during  the  past  year,  has  been  responsi- 
ble for  several  engine  builders  putting  out  new  oil  en- 
gines, mostly  in  smaller  sizes,  and  which  may  be  classed 
as  semi-Diesel  in  type. 

Little  advance  appears  to  have  been  made  in  the  large 
gas  engine  or  gas  producer  during  the  past  year,  and  the 
gas  turbine  is  not  as  yet  a  commercial  success.  A  unit 
expected  to  develop  1000  hp.,  built  after  the  designs  of 
Hans  Holzwarth  by  Brown  Boveri  &  Cie.,  at  Mannheim, 
did  not  develop  the  expected  power  or  efficiency,  but  indi- 
cates the  direction  of  future  effort. 

The  large  increase  in  the  use  of  gasoline  engines,  most- 
ly for  automobiles  and  the  ever  increasing  use  of  petro- 
leum byproducts,  has  created  such  a  demand  upon  the 
oil  market  as  to  practically  double  the  price  of  fuel  oil 
in  this  country  during  the  pjist  year,  which  fact  naturally 
has  a  tendency  to  impede  the  progress  of  the  oil  engine. 

An  event  of  the  j^ear,  marking  an  important  step  in 
the  advance  of  the  Humphrey  gas  pump,  was  the  decision, 
on  the  part  of  the  Metropolitan  Water  Board,  of  London, 
to  install  five  of  these  pumps.  Four  will  be  of  40,000,- 
000  gal.  per  day  capacity,  and  the  fifth  of  half  that 
amount.  Some  even  larger  units  have  been  designed  for 
the  Egyptian  Government,  one  being  a  pump  capable  of 
delivering  100,000,000  gal.  per  day.  with  a  lift  of  19  ft. 
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These  are  contemplated  fur  the  punqjiiig  station  at  Mex, 
in   Egypt,   for  extensive   irrigation   work. 

Tlie  refrigerating  field  has  been  greatly  hampered  by 
the  difference  in  various  tabulations  given  by  different 
iiuthorities  as  to  the  properties  of  working  fluids  lased 
in  refrigerating  processes.  During  the  year  an  appro- 
priation was  secured  from  Congress  to  enable  the  Bureau 
of  Standards  to  standardize  refrigerating  data,  and  in 
the  past  month  some  noteworthy  pajiers  on  the  proper- 
ties of  ammonia  were  presented  and  should  result  in  the 
adoption  of  working  tables,  which  may  be  accepted  with 
>^ome  degree  of  confidence  as  approximately  accurate. 
There  has  also  been  a  movement  toward  standardizing 
ammonia  fittings.  Making  can  ice  from  raw  water  is  no 
longer  impractical.  A  number  of  successful  installations 
wr-re  made  in  1912,  and  all  indications  point  tow.u'd  a 
rai)ifl  advance.  From  preparations  now  under  way,  the 
Third  International  Congress,  to  be  held  next  September 
in  Chicago,  should  prove  a  decided  success. 

One  of  the  new  instruments  that  have  become  avail- 
al)le  to  the  engineer  in  studying  the  performance  of  the 
cnuipment  under  this  charge  is  the  Vibragraph.  With  it, 
the  intensity  of  vibration,  on  or  near  a  machine,  may  be 
measured,  indicating  when  it  is  of  a  serious  nature  and 
should  be  reduced.  Modifications  of  the  foundatitin  or  the 
iialancing  of  revolving  elements  of  a  machine  may  then 
be  made  and  tests  repeated  until  it  is  found  that  more 
desirable  conditions  are  obtained.  Somewhat  akin  is  the 
Detectorphone,  which  is  quite  completely  described  as  "a 
mechanical  stethoscope,"  being  an  instrument  for  render- 
ing more  audible  any  noises  in  i^iping  or  running  ma- 
chinery, so  that  derangements  or  other  wrong  conditions 
may  more  readily  be  located. 

AVhile  the  Panama  Canal  may  not  seem  to  have  any 
very  direct  connection  with  the  power  field,  its  construc- 
tion has  called  forth  some  quite  radical  applications  of 
power.  Xow  that  it  is  likely  to  be  opened  many  montks 
ahead  of  the  scheduled  time,  it  will  very  shortly  command 
attention  on  account  of  the  provisions  in  the  way  of  i)lant 
that  will  be  necessary  for  its  operation. 

A  gratifying  tendency  is  the  greater  disposition  to 
safeguard  the  lives  of  operatives  and  the  public  in  the  op- 
eration of  industrial  establishments  and  service  utilities. 
In  fact  the  humanitarian  element  is  receiving  more  near- 
ly its  just  consideration  throughout  all  lines.  This  is 
evident  not  alone  in  the  more  extended  adoption  of  safety 
devices  in  connection  with  power  generating  and  power 
utilizing  equipment,  but  also  in  efforts  to  improve  the 
comfort  and  welfare  of  those  in  or  surrounding  power 
stations  and  factories,  as  l)y  the  reduction  of  the  smoke 
nuisance,  imjirovement  of  lighting  and  ventilation,  provi- 
sion of  rest  rooms,  reading  rooms,  emergency  hos])itals, 
and  generally  more  agreealile  environment. 

Among  the  men  of  prominence  in  the  field  of  power- 
])laiit  engineering  who  have  ])asscd  away  during  the  year 
just  closed  were  the  following,  named  in  the  order  of  their 
domi.se:  James  McBrier,  president  of  the  Ball  Engine 
'  o. ;  Richard  T.  Crane,  founder  and  head  of  the  Crane 
'  II. ;  John  B.  Wel)b,  consultiug  engineer  and  former  pro- 
fessor of  mathematics  and  mechanics  at  Stevens  Institute 
of  Technology:  Francis  IT.  Stillman,  jirosident  of  the 
Watson-Still  man  Co.;  Louis  Delaunoy-Bcllcvillo,  cele- 
brated French  engineer  and  inventor  and  manufacturer 
of  the  Belleville  boiler:  Read  Admiral  George  W.  Mel- 
ville, noted  engineer  and  explorer,  past  president  and  lion- 
orary  mmber  of  the  American  Society  of  Mechanical  En- 


gineers; Dr.  Henry  W.  Spangler,  professor  of  dynamical 
engineering,  University  of  Pennsylvania;  Antonio  Paci- 
notti,  professor  of  physics,  University  of  Pisa  (Italy), 
and  inventor  of  the  multi-segmental  commutator,  dis- 
tributed winding  and  toothed  armature;  Benjamin  Gug- 
genheim, president  of  the  International  Steam  Pump  Co., 
one  of  those  lost  on  the  "Titanic" ;  Jacob  E.  Friend,  presi-. 
dent  of  the  Nordberg  Manufacturing  Co.;  Otto  Jahn, 
chief  engineer  of  the  Vilter  Manufacturing  Co.;  Wilbur 
E.  Richardson,  principally  known  for  his  work  in  con- 
nection with  mechanical  lubricators;  Theodore  Albert, 
president  of  the  William  Powell  Co. ;  George  R.  Babbitt, 
prominent  consulting  engineer  and  engine  designer; 
James  J.  Waters,  well  known  marine  engineer,  for  years 
secretary  of  the  Marine  Engineers'  Benevolent  Associa- 
tion ;  Taughan  Pendred,  for  many  years  editor  of  The 
Engineer,  London ;  Reuben  Wells,  veteran  railroad  man 
and  locomotive  constructor;  Clement  A.  Griscom,  one  of 
the  founders  and  first  president  of  the  American  Society 
of  Xaval  Architects  and  Marine  Engineers ;  George  A. 
Kimball,  chief  engineer  of  the  Boston  Elevated  Ry.  Co. ; 
Alfred  P.  Boiler,  formerly  chief  engineer  of  the  Manhat- 
tan Elevated  R.R.  and  consulting  engineer  of  the  De])art- 
ment  of  Public  Parks  of  Xew  York. 

The  Prudential  Insurance  Company's  Plant 

Few,  if  any,  office-building  plants  have  grown  so  rapid- 
ly and  under  such  exacting  circumstances  as  that  of  the 
Prudential  Insurance  Co.,  as  stated  in  the  description 
in  this  issiie.  The  total  hor.sepower  in  1890  was  ap- 
proximately fifty,  and  the  plant  consisted  of  only  two 
small  boilers  and  an  electric-generating  set.  In  1900, 
when  four  more  large  buildings  were  added,  complet- 
ing the  group  of  five,  a  plant  large  enough  to  meet  the 
requirements  was  installed. 

The  electrical  system  of  this  plant  was  of  the  two-wire, 
120-volt  direct-control  tj'pe,  and  served  the  demands  un- 
til 1909  when  two  more  large  buildings  were  added  to 
the  group.  At  this  stage  of  development  120-volt  service 
proved  too  expensive  to  continue  in  view  of  anticipated 
further  growth  and  the  work  of  remodeling  the  entire 
system  into  a  three-wire,  210-volt  remote-control  system 
was  begun.  One  can  imagine  the  thoroughness  of  co- 
operation necessary  among  those  engaged  in  the  work  to 
make  the  change  without  causing  a  single  interruption  of 
service  and  to  also  obtain  economy  in  the  use  of  ma- 
terial and  equipment. 

Problems  of  a  like  nature,  but  not  so  complex,  were 
met  in  comi>leting  the  various  ])ipe-line  connections  when 
the  new  plant  was  "hooked  up"  to  the  old.  This  work 
was  also  accomplished  without  service  interru]>tions. 

Consulting  engineers  in  particular  can  ai)preciate  the 
painstaking  care  and  clo.se  study  of  details  required,  and 
the  time  and  skill  needed  to  i)repare  drawings  necessary 
to  successfully  carry  out. the  work.  Operating  engineers 
will  realize  the  ])roblems  that  had  to  be  met  by  the 
plant  engineers  during  tlu-.-ic  many  additions  and  altera- 
tions, as  they  not  only  had  to  keep  the  plant  going  under 
trying  circum.stanccs  but  had  to  act  as  an  information 
bureau  for  the  numerous  contractors  as  well  as  suggest 
ways  and  means  of  doing  the  temporary  and  permanent 
work  so  that  all  chances  for  service  interruptions  would 
be  oi)viated.  All  this,  combined  with  a  general  super- 
vision of  the  installation  and  the  selection  of  (■qiiipinciii 
which  preceded  it,  was  indeed  a  big  task. 
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Simple  Test  for  Cylinder  Oil 

Within  certain  limits,  all  lubricating  oils  look  alike. 
Bearings  which  can  be  examined  from  time  to  time  and 
watched  by  means  of  a  thermometer  offer  the  easiest  so- 
lution for  testing  lubricants.  In  the  cylinder  of  an  en- 
gine it  is  entirely  different.  The  test  naturally  must 
consist  of  introducing  the  lubricant  and,  after  the  engine 
has  run  for  a  time,  examining  the  cylinder  walls.  In- 
sufficient lubrication  or  a  lubricant  poor  in  quality  are 
revealed  either  by  "groaning"  of  the  valves  or  else  find- 
ing, when  examining  the  cylinder  walls,  that  scoring  has 
begun. 

With  the  view  of  adopting  some  simple  and  compara- 
tive means  for  testing  cylinder  oils,  I  have  tried  the  fol- 
lowing: From  a  piece  of  blotting  paper,  pieces  3  in. 
square  were  cut.  Samples  from  the  several  cylinder  oils 
to  be  tested  were  put  in  bottles  (I  use  -i-ox.  size)  and 
these  put  into  a  room  where  all  of  them  will  reach  the 
same  temperature  of  about  70  to  80  deg.  This  requires 
20  min.  to  half  an  hour.  Three  drops  of  oil  of  each 
kind  were  then  put  on  the  center  of  each  piece  of  blot- 
ting paper.     Each   of  these  blotting-paper   pieces   was 
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have  identical  gravity,  flash  point  and  viscosity  figures. 
This  is  mentioned  as  showing  that  this  information  is  of 
little  practical  value  in  comparing  the  quality  of  sev- 
eral oils. 

('.  E.  Faikbaxks. 

Providence,  R.  I. 

[If  the  oil  samples  contained  coloring  substances  it 
would  seem  that  this  test  wotild  not  indicate  the  true 
nature  of  the  oil. — Editok.] 

Thawing  Frozen  Water   Pipes   by  Electricity 

Last  winter  I  was  em])loyod  Viy  an  electric  light  and 
power  company  in  eastern  Pennsylvania  and  as  the 
weatlier  was  unusually  severe,  a  number  of  water  mains 
and  service  pipes  throughout  the  city  were  frozen.  The 
employees  of  the  water  company  in  thawing  the  pipes  at 
first  would  dig  open  the  pipe  and  thaw  it  with  fire ;  this 
was  slow  and  unsuccessful  as  they  could  make  but  a  few 
o})enings  in  a  day.  About  this  time  I  suggested  that  they 
try  electricity,  which  resulted  in  a  total  of  twenty-six 
openings  in  three  days.  The  following  is  a  brief  outline 
of  how  it  was  done: 


Oil  Sample.s  after  Beixg  Sl'bjected  to  Test  Temperatuke 


then  out  for  a  quarter  of  an  hour  on  top  of  the  en- 
gine where  the  metal  was  flat  and  at  a  temperature  of 
approximately  210  deg.  After  remaining  for  1.5  min., 
the  piece  was  set  aside. 

The  photograph  shows  eight  samples  that  had  been 
submitted  for  consideration.  This  picture  shows  more 
clearly  than  any  descriptive  matter  the  suitability  or 
rather  unsuitability  of  some  of  these  oils  for  cylinder 
lubrication.  Practically  nothing  was  left  of  samples  Xos. 
7  and  8.  The  same  might  be  said  of  Xo.  3.  Xo.  4  was 
very  doubtful  and  evidently  contained  a  heavy  body 
mixed  with  some  lighter  oil.  Xos.  2  and  5  were  samples 
from  a  high-grade,  well  known  concern  and  these  can  be 
and  were  used  as  a  basis  of  comparison.  Xo.  1  was  se- 
lected on  account  of  the  advantage  in  price  and  turned 
out  to  be  as  excellent  in  its  work  in  the  particular  en- 
gine considered,  as  Xo.  2,  which  was  tried  tinder  the 
same  conditions. 

I  might  add  that  when  the  samples  were  submitted  the 
salesmen  furnished  the  usual  informatiqp  regarding  grav- 
ity, flash  point  and  viscositj'  tests.  These  were  all  very 
much  alike  for  the  different  samples.  It  is  a  fact  that 
several  oil  maker.? — one  in  particular — have  a  lubricating 
oil  and  also  an  oil  unsuited  for  lubrication,  both  of  which 


A  15-kw.  transi'ormer  was  mounted  on  the  back  of  a 
one-horse  wagon,  and  an  ordinary  wooden  wash  tub  filled 
with  salt  water  was  set  in  the  front  end ;  then  with  the 
necessarj'  wire  and  assistance,  all  was  ready  for  action. 
The  wagon  was  hauled  to  where  the  main  was  frozen  and 
the  primary  terminals  of  the  transformer  were  connected 
to  the  2200-volt  cit\"  primarj'  lines  through  fused  cutouts. 
One  terminal  of  the  secondary  circuit  of  the  transformer 
was  then  connected  to  a  fire  hydrant  and  the  other  to  a 
metal  plate  of  about  10x10  in.  Another  wire  was  con- 
nected to  another  fire  hydrant,  the  frozen  part  of  the 
pipe  being  between  the  two  hydrants,  and  also  to  a  sim- 
ilar metal  plate  to  the  one  used  for  the  second  secondary 
terminal.  The  current  was  turned  on  and  the  plates  im- 
mersed in  the  salt  water  near  the  sides  of  the  tub  and 
slowly  moved  toward  the  center  until  they  were  about  an 
inch  apart.  The  plates  were  held  in  this  position  tmtU 
the  water  began  to  flow  through  the  pipe.  After  the  water 
first  began  to  flow  the  current  was  turned  off  and  the 
water  completed  the  work.  The  time  taken  was  never 
more  than  one  hour  in  the  case  of  a  10-iu.  pipe.  After 
this  work  was  completed  the  connections  were  broken 
and  the  wagon  was  moved  on  to  the  next  ''freeze." 

The  wire  used  should  be  about  Xo.  10  for  ths  primary 
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lexteiisious  aud  taps  while  No.  2  or  4  should  be  used  for 
the  secondary  taps.  Care  should  be  taken  not  to  fuse 
the  transformer  l)eyond  its  capacity,  as  serious  injury 
would  result. 

Where  service  pipes  are  frozen,  the  secondary  terminals 
should  be  connected  to  pipes  in  adjacent  dwellings  or 
stores.  Frozen  pipes  about  the  power  plant  or  those  in 
factory  yards  can  be  readily  thawed  out  in  the  manner 
described. 

Edwakd  C.  Wilwon. 

Kalcigh,  X.  C. 

Correcting  Turbine  Governor  Trouble 

After  starting  a  new  5000-kw.  turbine  it  was  found 
that  it  raced  badly ;  iu  fact,  there  was  a  variation  of 
€  per  cent,  below  and  4  per  cent,  above  tlie  normal  speed 
of  1800  r.p.m.  The  erector  for  the  turbine  builders  ex- 
amined the  governor  valve,  overload  valve  and  tried  out 
several  types  of  balanced  relay  valves,  but  was  unable 
to  reduce  either  the  vibration  of  the  governor  levers  or 
obtain  good  regulation. 

The  turbine  builders  then  sent  their  governor  expert 
to  inspect  the  control  mechanisms.  He  tried  two  cushion- 
ing springs  and  a  new  type  of  piston  in  the  dashpot,  and 
while  these  devices  gave  closer  regulation  and  more 
stability  to  the  governor  levers,  they  did  not  altogether 
overcome  the  vibration.  He  then  shut  down  the  ma- 
chine to  dismantle  and  thoroughly  examine  the  gov- 
erning mechanism.  One  of  the  governor  gears  was  found 
to  be  cut  out  of  true  with  the  bore.  The  builders  fur- 
nished a  new  gear  immediately,  which  was  installed  and 
corrected  all  the  trouble. 

D.  J.  O'Brien. 

Birmingham.  Ala. 

Flameless  Combustion 

I'lidcr  the  title  of  "Flameless  and  Surface  Com- 
bustion," Professor  Bone  has  been  much  heralded  as  the 
inventor  of  .something  remarkable  in  the  coinbustion  line. 
The  leading  engineering  papers  and  newspapers  and  somt^ 
of  the  technical  societies  have  given  publicity  to  his 
schemes,  which  are  disposed  to  mislead  many  who  are  not 
especially  familiar  with  such  problems.  Therefore,  I 
Would  call  attention  briefly  to  certain  features  which  per- 
haps have  been  overlooked  : 

Flameless  combustion,  as  the  term  is  used,  is  a  mis- 
nomer. All  combustion  is  flameless.  The  "combustion' 
which  is  accompanied  by  flames  is  not  combustion  at  all ; 
it  is  simply  a  state  wbiib  is  attempting  to  arrive  at  a  con- 
dition of  combustion.  Tlie  luminosity  of  a  flame  is  due 
to  the  incandescence  of  Irrc  larbon.  which  has  been 
broken  down  by  heat  from  a  liydro-rarbon  gas  and  which 
maintains  its  luminous  condition  for  that  very  short, 
but  indefinite  interval  preceding  its  union  with  oxygen, 
in  the  formation  of  f'O,,,  or  its  cooling  and  its  escape  as  a 
particle  of  black  soot  in  smoke.  This  is  illustrated  h\ 
the  burning  of  anthracite  coal,  containing  a  very  small 
amount  of  bydro-earbons,  which  buTn  with  very  little 
flame,  or,  by  hydrogen,  which  burns  with  no  flame  at 
all.  If  Professor  Bone  had  said  imiiunliate  combustion, 
it  would   have  Iwon  technically  ac-curate. 

So  far  as  the  feature  of  surface  combustion'  is  ron- 
_<;crned,  the  only  significance  is  that  he  obtains  a  good 


mixture  between  gas  and  air  by  the  use  of  such  material 
as  firebrick,  etc.,  which  has  no  influence,  whatever, 
in  the  way  of  promoting  "surface"  combustion,  but  does 
perform  a  service  as  a  mixing  device.  So  really,  the 
whole  process  as  described  may  be  summarized  by  saying 
that  it  ig  immediate  combustion  of  gas  brought  about 
by  the  agency  of  a  mixing  device,  and  this  is  all  there 
is  to  it.  Thus,  it  is  apparent  that  there  is  nothing  new 
in  this  much  heralded  method. 

The  application  of  gas  to  combustion  in  the  case  of 
a  steam  boiler  as  illustrated  by  Professor  Bone  is  imprac- 
ticable for  reasons  of  cost  with  respect  to  forcing  the  gas 
through  the  boiler  if  for  no  other  reason.  The  high 
rate  of  evaporation  may  be  more  easily  obtained  with 
a  coal  fire  under  ordinary  conditions  if  a  high  condition 
of  combustion  is  employed.  In  fact,  the  only  example 
of  the  application  of  combustion,  wliich  in  my  opinion 
has  any  value,  is  the  one  in  which  a  crucible  is  heated 
by  gas  which  is  mixed  with  air  between  the  pieces  of 
a  refractory  material  such  as  firebrick  surrounding  the 
crucible. 

t'hica-o.   111. 

A.  Bemf.xt. 

Turbo-Condenser  Problem  for  Discussion 

Will  interested  readers  of  Powkk  tell  me  what  was 
wrong  with  our  Parsons  type  steam  turbine.  It  had 
been  set  up  and  run  about  ten  weeks,  when  suddenly  the 
vacuum  fell  to  15  in.  At  this  vacuum  it  would  not  carry 
its  load  of  a  thousand  kilowatts. 

The  dry-vacuum  pump  is  of  the  jet  type,  but  would 
not  work.  Repairmen  worked  on  it  quite  a  while  and 
finally  gave  it  up.  The  pipes  were  all  overhauled  and 
cleaned  and  the  pump  .still  refused  to  work.  Then  the 
experts  from  the  turl)ine  company  came  and  spent  much 
time  investigating,  but  with  no  good  results.  These  men 
had  packed  their  grips  and  were  ready  to  start  away 
when  they  tried  the  turbine  again :  it  started  and  worked 
as  it  should.  It  has  been  running  well  since  except 
when  a  mud  turtle  stopped  the  intake  pipe  to  the  con- 
denser. 

It  takes  about  20.5  in.  of  vacuiuu.  when  the  air  ]ires- 
sure  is  30  in.  to  carry  the  thousand  kilowatts  on  the  ma- 
chine. 

Sr.WLEY    ('.    Al.LI'V. 

Lansing,  i\Iirli. 

Friction  Loss  in  Wrought  Iron  Pipe 

In  reply  to  Mr.  Kent's  criliciMU  (ui  i)age  8(58  of  the 
Dec.  10  issue,  on  my  chart  for  determining. the  friction 
bead  due  to  the  flow  of  water  in  pipes,  I  call  attciitimi 
to  the  fact  that  due  to  a  typograj)hical  error  the  oidi- 
luite  0.15  was  printed  0.1  and  the  ordinate  0.1  was 
printed  0.  As  a  matter  of  fact,  when  using  logarithmic 
paper  in  plotting  curves  it  is  impossible  to  reach  zero, 
as  may  be  easily  seen  by  examining  a  sheet  of  logarithmic 
paper.  If  tiie  toj)  line  is  taken  as  10.  then  the  bottom 
line  is  1.  If  another  sheet  is  added  below,  the  lowest  line 
is  0.1,  on  the  next  sheet  0.01.  on  the  third  O.Ddl.  aii.l 
80  on.  Substituting  the  figures  given  alinxc  will  (oiicii 
the  discrcjiniicy  in  the  chart. 

W.    L.    DniAN-n. 

Brooklyn,  N.  Y. 
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Simplifying  Indicator  Diagram  Analysis 

Having  been  iuterested  in  the  articles  in  Power  relat- 
ing to  indicator-card  analysis,  1  would  offer  the  following 
as  a  more  convenient  way  of  finding  the  value  of  n  in  the 
formula 

pr"  =  c 
where  the  engineer  is  reasonably  certain  of  the  correct- 
ness of  the  expansion  line. 

In  the  formula,  >i  equals  the  ratio  of  the  specific  heat 
at  constant  pressure  to  the  specific  heat  at  constant 
volume 

I  Of/,  p^  —  lOiJ.  p^ 

"  ~  log.  i\  —  log.  y, 
where  i\  and  p.,,  i\  and  i\  are  two  different  pressures  and 
their  corresponding  volumes,  taken  directly  from  the  ex- 
pansion line  of  the  diagram  under  consideration. 

The  proof  of  this  is  a  simple  mathematical  one,  involv- 
ing the  subtraction  of  the  two  logarithmic  equations  of 
pvn  =  c 

By  using  this  value  of  /(  the  weight  of  steam  in  the 
cylinder  at  cutoff  can  be  found  as  described  in  Prof. 
Clav-ton's  article  in  Power  for  June  18,  1912. 

But  it  is  also  necessary  to  know  the  volume  of  steam 
at  the  beginning  of  compression,  to  calculate  the  steam 
consumption  of  the  engine.  This  may  be  found  as  fol- 
lows: By  taking  any  pressure  p^  and  its  corresponding 
volume  V3  from  'the  compression  line  of  the  diagram,  the 
constant  (c)  for  th-is  line  is  readily  determined,  n  for 
the  compression  line  being  derived  in  the  same  way  as 
for  the  expansion  line.  For  log.  c  =  log.  p^  +  «  ^og.  1-3. 
c  being  known,  we  may  now  take  a  value  of  p  equal  to 
the  exhaust  pressure  of  the  engine,  say  p^.  Then  the  vol- 
ume of  the  steam  at  this  pressure,  that  i.s,  the  volume  of 
the  steam  at  the  beginning  of  compression,  is  found  from 
the  formula 


log. 


log.  p^ 


Log.  ('4  = 

c,  p^  and  n  being  known. 

The  use  of  this  method  obviates  the  necessity  of  plot- 
ting the  diagram  to  logarithmic  coordinates  every  time 
the  engineer  desires  to  find  a  value  of  n  wherefrom  to 
calculate  the  steam  consumption  of  his  engine. 

Lloyd  W.  Taylor. 

Grinnell,  Iowa. 


Steam  Gage  Problem 

On  page  799  of  the  Xov.  26  issue,  Mr.  Pollard  ofi'ers 
a  solution  of  a  steam-gage  problem.  I  do  not  approve 
of  his  manner  of  procedure  in  correcting  defective  gages. 

In  the  first  place  when  the  gage  showed  signs  of  work- 
ing badly  it  should  have  been  taken  down  and  tested; 
and  if  found  wrong  and  the  trouble  located  in  the  gears 
it  should  have  been  sent  to  its  manufacturer  for  repairs, 
who  no  doubt  would  have  replaced  the  worn  parts  with 


new  ones  instead  of  using  the  old  ones.  Then  the 
gage  would  have  been  calii)rated  and  returned  in  first- 
class  condition. 

The  mechanism  of  a  steam  gage  is  very  delicate  and 
the  parts  are  made  to  work  with  one  another  with  the 
least  possible  lost  motion ;  and  when  these  parts  wear 
enough  to  form  a  shoulder,  so  large  as  to  retard  the  ac- 
tion of  the  gage,  and  are  then  dressed  down  with  a 
file,  the  reading,  is  bound  to  be  inaccurate.  And  this 
inaccuracy  is  unlikely  to  be  uniform  throughout  the 
range  of  registering. 

Steam  gages  are  the  engineers'  guide  and  are  no  in- 
struments to  be  tampered  with  or  experimented  on  by 
unskilled  hands.  Xor  is  the  boiler  inspector  fitted  for 
this  work. 

The  maximum  reixiir  cost  to  a  defective  gage,  or  even 
the  price  of  a  new  one,  is  cheap,  when  it  is  known  that 
the  instrument  can  be  depended  on  to  register  correctly. 
George  B.  Loxgstreet. 

8omerville,  Mass. 

Repairs  to  Lubricator  Condenser 

Under  the  above  heading  in  the  Oct.  29  issue,  Alford 
H.  Smith  of  Rogers,  Ark.,  describes  how  he  repaired  a 
broken  lubricator.  The  condenser,  that  pear-shaped  bulb 
affair  we  usually  see  attached  to  hydrostatic  lubricators, 
was  broken,  so  he  replaced  it  with  a  straight  piece  of  pipe, 
and  the  lubricator  gave  no  further  trouble. 

I  have  often  wondered  if  these  attachments  are  neces- 


LcBRIC.iTOR    WITH    COIL    OF    PiPE 
AS    COXDEXSER 

sarv  on  lubricators,  and  have  removed  some  of  them  in  a 
somewhat  similar  manner  to  that  employed  by  Mr.  Smith, 
with  satisfactory  results. 

The  condensation  in  8  or  10  in.  of  Yi-hi.  pipe  should 
be  sufficient  to  operate  the  lubricator  under  ordinary  con- 
ditions. I  suppose  that  the  object  of  this  globular  con- 
denser is  to  store  a  comparatively  large  quantity  of  water 
for  use  in  emergencies,  but  it  has  its  disadvantages.  If 
the  condenser  ever  gets  hot.  the  lubricator  will  refuse  to 
start  for  five  or  ten  minutes,  i.e.  until  two  or  three  ounces 
of  water  has  accumulated  in  the  condenser. 

An   engineer  not  well   acquainted  with  this   style  of 
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lubricator  is  apt  to  lose  patience,  and  to  "monkey"  with 
the  valves  in  his  endeavor  to  locate  the  trouble.  Perhaps 
the  answer  to  this  would  be  to  keep  the  condenser  cool, 
but  we  all  know  that  there  are  occasions  when  they  will 
become  heated.  If  the  lubricator  is  allowed  to  become 
empty  of  oil  the  condenser  will  get  hot,  as  it  will  also 
^\hen  sometimes  steam  is  allowed  to  blow  through  the 
lubricator  to  clear  it  of  sediment.  When  filling  the  lubri- 
cator, care  should  be  taken  to  fill  it  to  the  top.  If,  for 
any  reason,  the  oil  supply  at  hand  is  insufficient  to  com- 
pletely fill  the  reservoir,  the  balance  should  be  made  up 
with  water,  otherwise  the  lubricator  will  get  very  hot  and 
refuse  to  start  feeding  for  quite  a  wliile. 

The  most  satisfactory  condenser  I  have  used  is  shown 
in  the  sketch.  The  coil  .1  is  made  of  %-in.  iron  pipe 
(brass  might  be  better).  It  is  formed  by  heating  the  pipe 
to  a  cherry  red,  and  winding  a  few  turns  of  it  around  a 
mandrel,  say  a  piece  of  li/2-in.  pipe.  In  operation  the 
short  length  of  pipe  B  T<'ill  fill  with  condensation  in  a  few 
seconds,  so  that  there  is  never  any  delay  iu  getting  tlie 
lubricator  to  start  feeding. 

B.  CoppiX(i. 

Kankakee,  111. 

Silica  in  Boiler  Water 

W.  A.  Lee  brings  up  a  point  in  the  Nov.  19  issue  re- 
garding the  deleteriotis  effect  of  silica  in  the  boiler-feed 
water  which  is  frequently  overlooked.  In  fact,  iu  many 
of  tlie  analyses  made  to  determine  the  proper  chemical 
treatment  of  a  feed  water,  the  silica  is  not  reported. 
It  must  not  be  inferred,  however,  that  it  does  no  harm. 
The  reason  that  attention  is  not  more  often  paid  to  it 
is  because  none  of  the  ordinary  softening  systems  re- 
move it  to  an  appreciable  extent.  This  is  not  intended  as 
a  criticism  of  softening  .systems,  for  it  must  be  said  that 
if  the  lime  and  magnesia  are  properly  removed  it  will 
not  be  necessary  to  get  rid  of  the  silica. 

It  is  in  untreated  water  that  silica  causes  trouble.  I 
have  analyzed  many  samples  of  water  and  found  that  the 
average  silica  content  is  O.O.")  grain  per  U.  S.  gallon. 
This  figure  is  based  on  the  results  of  100  analyses  of 
water  taken  from  all  over  the  United  States  and  Canada. 
The  figures  run  all  the  way  from  an  indeterminate  quan- 
tity to  6.25  grains  per  gallon  which  was  found  in  a  deep 
well  water  in  St.  Louis.  Where  the  amount  is  less  than 
one  grain  per  gallon  it  is  improbable  that  the  scale  is 
much  affected.  When  the  silica  content  becomes  much 
greater,  however,  the  .scale  is  apt  to  be  much  harder 
than  it  would  be  otherwi.se. 

Ju.st  how  the  silica  occurs  in  water  is  not  known  ex- 
actly. Silica  itself  is  almost  insoluble  and  it  is  believed 
to  be  present  ordinarily  in  the  colloidal  form,  which  is 
in  the  region  between  a  true  .solution  and  matter  in  sus- 
pension. It  will  not  ordinarily  form  scab'  itself  l)ut  will 
combine  with  lime  and  magnesia  scale  to  form  a  good 
imitation  of  stone.  When  the  other  scale-forming  im- 
purities are  removed  any  ordinary  amount  of  silica  will 
"iiuse  no  trouble  whatever,  particularly  if  the  feed  water 
1.-  very  slightly  alkaline. 

As  Mr.  Lee  says  the  boiler  is  no  place  for  chemical 
reactions  to  take  place,  for  dense  masses  of  soft  scale  arc 
precipitated  which  are  likely  to  collect  on  the  lower 
sheets  and  bake  and  burn  out  the  plates.     With  much 


silica  present,  this  is  also  likely  to  imite  with  the  soft 
sludge  and  make  hard  scale.  Furthermore,  the  large 
amount  of  suspended,  precipitated  matter  floating  around 
in  the  boiler  promotes  foaming. 

The  proper  method  is  to  precipitate  the  lime  and  mag- 
nesia salts  outside  of  the  boiler  with  lime  and  soda  or 
heat  and  soda,  except  in  special  cases  when  other  chem- 
icals may  be  preferred.  By  settling  and  filtering  there  is 
then  obtained  a  clear,  soft  water,  well  adapted  for  boiler 
feed,  or  other  purposes.  When  engineers  begin  to  realize 
this  there  will  be  fewer  leaky  or  bagging  tubes,  hard 
scale  will  not  be  known,  corrosion  will  be  done  away 
with,  the  tendency  to  foam  will  be  decreased,  and  all 
concerned  will  be  satisfied  iliat  the  investment  necessary 
«as  well  justified. 

Edwakd  H.  EOBIE. 

Philadelphia.    Penn. 

How  the  "\'alve  Deck    Was  Cracked 

Referring  to  the  above  communication  by  John  Mc- 
(Jinness  in  the  Xov.  26  issue,  I  wish  to  say  that  I- had 
practically  the  same  experience  with  a  duplex  fire  pump. 
At  the  time  I  decided  that  it  was  due  to  unequal  shrink- 
age of  the  metal  during  the  cooling  of  the  casting  and 
that  later,  pressure  opened  up  these  shrinkage  cracks. 

This  is  evidently  what  has  happened  to  Mr.  McGin- 
ness'  pump,  and  the  remedy  W'ould  be  to  rib  the  water 
end  longitudinally  on  the  inside  and  be  sure  that  the 
cylinder  when  being  cast  is  made  of  hard  close-grained 
charcoal  iron,  and  after  being  cast  is  left  in  the  sand 
long  enough  to  cool  off  thoroughly. 

The  only  other  explanation  I  can  give  without  seeing 
the  actual  break  is  that  the  valve  seats  along  the  lines 
of  fracture  were  forced  in  under  pretty  good  pressure 
and  put  a  strain  on  the  metal  which  resulted  in  a  crack. 

A.  Eauch. 

•Swissvale,  Penn. 

Painting  B  oiler  Shells  to  Prevent  Pitting 

Reading  the  article  in  Power  under  the  heading  "Zinc 
Paint  as  Corrosion  Preventive,"  in  the  Xov  5  issue, 
brings  to  mind  troubles  I  had  several  years  ago  with 
corrosion  in  26  water-tube  boilers.  I  tried  everything  I 
ever  heard  of  without  good  re.sults  and  at  last  concluded 
that  I  must  keep  the  water  from  coming  iu  contact 
with  the  shell  plates  to  overcome  this  corrosion,  which 
was  becoming  serious. 

I  fuially  hit  upon  the  following  plan,  which  had  the 
desired  effect :  First  I  cleaned  the  shell  plates  thoroughly 
with  a  scraper  and  a  wire  brush.  Then  I  painted  the 
plates  with  paint  made  of  boiled  lin.seed  oil  and  port- 
land  cement.  When  this  first  coat  dried,  I  put  a  .sec- 
ond coat  on  composed  of  one  part  graphite  and  three 
])arts  cement. 

Three  years  later  when  1  left  this  plant  this  very  thin 
scale  formed  from  the.se  coatings  was  still  there  and  no 
more  pitting  had  started  nor  had  any  of  the  old  "pock 
marks"  grown  larger.  The  gra])hite  added  to  the  second 
(oat  keeps  the  scale  fr(mi  sticking  to  the  paint  and,  de- 
s])ite  the  expansion  and  contraction  of  the  metal,  the 
jiaint  strongly  adheres  to  the  plates. 

C.    H.   LlEBFIEI.D. 

Kansas  City,  Mo. 
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Allowable   Load  on   Stay-bolts 

How  many  pounds  per  square  inch  working- pressure  would 
be  resisted  bv  IVa-in.  diameter  stay-bolts  12  tlireads  per 
inch  pitched  6x6  in.,  the  allowable  load  being  7000  lb.  per 
sq.in.    net    cross-sectional    area? 

A  stay-bolt  IV*  In.  in  diameter  with  la  threads  per  in. 
would   have  a  diameter  at   the   bottom   of   the   thread   of 

1%    —    (A     X     1.732)    =    1.1057    in.     ^  ^^     .^         , 
hence  the  net  cross-sectional  area  at  the  bottom  or  the  thread 

^"^  ^  1.1057    X    1.1057    X    0.7S54    =    0.9602    sq.in 

and  the  net  allowable  load  would  be  0.9602    X    7000    =   6721.4 

'  The  area  of  the  stay-bolt  at  the  bottom  of  the  thread  be- 
ing   0.9602    sq.in.,    the    net    area    supported    by    one    stay-bolt 

76°i'n*'  X^6  in.)  —  0.9602  sq.in.  =  36  —  0.9602  =  35.0398  sq.in. 
therefore,  the  allowable  boiler  pressure  sustained  by  the 
stay-bolts  would  be 

6721.4  lb.  ,„,  ,,  .  . 

—^ ^ —  =  191  lb.  per  sq.in 

35.0398  sq.in. 

Settings  D-sllde  Valve 

How  is  an  ordinary  D-slide  valve  set  to  get  equal  lead  and 
equal  cutoff  and   how   can   the   lead   and   cutoff   be   varied? 

The  valve  will  have  equal  lead  and  equal  cutoff  if  it  has 
the  same  amount  of  lap  on  both  ends  when  it  is  in  the  mid- 
dle of  its  travel.  To  equalize  the  lap.  first  lay  off  the  out- 
side edges  of  the  steam  ports  on  the  valve  seats  outside  of 
the  valve  by  pencil  lines  drawn  square  across  the  valve  seat, 
and  locate  a  point  half-way  between  them.  Next  mark  the 
extreme  points  of  travel  of  each  end  of  the  valve  and  turn 
the  wheel  of  the  engine  so  the  valve  stands  in  the  middle  of 
its  travel.  The  eccentric  will  then  be  at  the  middle  of  its 
throw  and  without  moving  the  wheel  the  valve  is  then  to 
be  adjusted  on  the  valve  steam  so  it  will  have  the  same 
amount  of  lap  over  the  steam  port  at  each  end  of  the  valve. 
The  valve  will  then  be  set  for  equal  lead  and  equal  point  of 
cutoff.  Having  set  the  valve  central,  lead  and  cutoff  can 
be  made  earlier  by  advancing  the  eccentric  on  the  shaft  or 
both  can  be  made  later  by  setting  the  eccentric  backward 
on    the    shaft. 

Harmless  Fault  of  .\llg;ninent 

In  lining  up  a  large  horizontal  engine  it  is  found  that 
the  center  line  of  the  cylinder,  when  extended,  is  approxi- 
mately tV  in.  above  the  center  of  the  shaft.  What  effect  will 
such  want  of  alignment  have  on  the  strains  and  general  op- 
eration   of    the    engine? 

H.    V. 

The  strains  in  the  connecting-rod  and  friction  of  cross- 
head,  crank  and  main  bearings  will  be  increased  but  not  to 
any  appreciable  extent.  In  general  operation  this  fault  of 
alignment    would    have    no    perceptible    effect. 

Objections  to  Side  Fire   Door 

What  objections  may  there  be  to  having  the  fire-door 
opening  for  a  return-tubular  boiler  setting  in  one  of  the 
side  walls  in  place   of   the  front   wall? 

J.    M. 

The  side-wall  construction  is  weakened  by  such  an  open- 
ing and  it  should  not  be  employed  except  possibly  with  a 
suspended  type  of  setting.  The  leading  objections  in  op- 
eration are  that  the  radiation  and  reflection  of  the  furnace 
heat  from  the  opposite  side  wall  result  in  considerable  loss 
of  heat  through  the  fire-door  opening.  Unusual  heating  of 
the  boiler  room  and  inconvenient  location  of  the  firing  door 
with  respect  to  the  grate  and  direction  of  the  draft  all  tend 
to    increase    the    difficulties    of    firing    skillfully. 

Operation   of  Ammonia   Refrigerating   System 

In  what  part  of  a  direct-expansion  system  does  expan- 
sion of  the  ammonia  take  place,  and  what  are  the  leading 
conditions  for  most  economical  operation  of  plants  of  this 
kind? 

P.    M. 

Expansion  of  the  ammonia  takes  place  in  the  expansion 
coils,  which  are  located  in  the  space  or  room  to  be  cooled. 
The  lower  the  pressure  and  temperature  in  the  condensing 
coils  and  the  higher  the  pressure  and  temperature  in  the 
expansion  coils  (i.e.,  suction  pressure),  the  more  economical 
w^ill   be    the   working   of   the    plant. 


Why  is  the  copper  required  for  the  transmission  of  a 
given  power  by  a  three-phase,  three-wire  system  only  three- 
quarters  of  that  necessary  with  two-phase,  four-wire  sys- 
tems, the  voltage,  distance  and  the  line  losses  being  the 
same   in   both    cases? 

In  the  three-phase  system  let  the  voltage  between  wires 
be  El,  the  current  in  each  wire  be  I,,  and  the  resistance  be 
r,.  In  the  two-phase  system  let  these  respective  quantities 
be  Ei  Ij  and  rz.  For  simplicity  let  the  three-phase  sys- 
tem  be  delta-connected   and  the   load  be   nonconductive;   then 


El    =    E;;.     The  power  in   the   three-phase  system    =:     E,  I,   l/ 3 
and   in   the   two-phase   system   2   E:  I2.     Then 

E,  I,  1/  "3  =  2  E.  I, 
whence 

I,  v'l  =  2  1, 
or 

V  3 
The   line   losses    in    the   three-phase    system   are   3    (Fi   ri) 
and    in    the    two-phase    system 

4  (IS  r,) 
Therefore,    by   substituting   and    equating 
3  (S  I",  r,)  =  4  (l\  r,) 
whence    ri    ~    Tz. 

This  means  that  the  wires  are  the  same  size  but  as  there 
are  three  wires  in  the  three-phase  system  and  four  in  the 
two-phase  system  the  former  requires  only  three-quarters  as 
much    copper. 

Most    Eeonomlcal    Steam    Pressure    for    Automatic    E^n^ne 

What  would  be  the  relative  coal  consumption  of  an  au- 
tom.%tic  engine  running  with  SO  lb.  of  steam  as  compared  with 
40    lb.    and    the    same    load? 

A.    B. 

The  economy  depends  on  the  point  of  cutting  off  required 
in  each  case  as  determined  by  the  amount  of  the  load  and 
the   size    of   the    engine    cylinder. 

Ratlnij;   of   Refrli^eratlng    Machines 

What   is   the   method  of   rating   refrigerating   machines? 

T.    B. 

(1)  Refrigerating  capacity,  and  (2)  ice-making  capacity, 
both    expressed    in    tons    per    day    of    24    hours. 

One  ton  of  refrigerating  capacity  would  mean  that  un- 
der assumed  or  stated  conditions,  as  range  of  temperature, 
the  machine  would  remove  the  number  of  heat  units  equiva- 
lent to  that  required  to  melt  one  ton  of  ice  at  32  deg.  F. 
into  water  at  32  deg.  F.  in  24  hr.  In  the  United  States 
288,000  B.t.u.  per  24  hr.  per  ton  of  refrigeration  is  the  recog- 
nized figure,  iDeing  made  up  of  144  B.t.u.  per  lb.  of  ice  melted 
and  a  ton  of  2000  lb.  This  gives  12,000  B.t.u.  per  ton  per  hour 
and  200  B.t.u.  per  ton  per  minute,  tiie  temperatures  selected 
through  which  the  machine  is  supposed  to  work  being  90 
deg.   F.  in  the  condenser  and  0  deg.   F.  in  the  expansion  coils. 

Ice-making  capacity  is  a  measui'e  of  the  actual  weight 
of  ice  made  by  a  machine  (designed  for  ice  making)  in 
tons  per  24  hr..  assuming  the  normal  conditions  of  summer 
weather.  It  is  usually  about  one-half  the  refrigerating  ca- 
pacity. 

nslde    I.ap 


What  is  inside  lap  and  what  is  the  object  of  putting  inside 
lap  on  a  valve? 


Evidences    of    Leaky    Piston 

How  would  a  leaky  engine  piston  be  shown  on  an  in- 
dicator   diagram? 

E.    J. 

A  leaky  piston  would  cause  the  expansion  line  to  fall  too 
low;  it  would  also  show  too  high  back  pressure  of  the  ex- 
haust while  the  exhaust  valves  were  open,  and  would  pre- 
vent full  compression  of  the  exhaust  after  closure  of  the 
exhaust   valves. 


Where    should    the    bottom   try-cock   be   placed   on   a   hori- 
zontal   tubular    boiler,    in    relation    to    the    tubes? 

W.    R. 

The    lowest    try-cock,    the    lowest    visible    part    of    a    water 
gage-glass    and    the_    location    for    fusible    plugs    should    not 


Cause    for    Fracturing    W'rlstplate    Centerpln 

What  might  cause  the  wristplate-centerpin  of  a  14x36-in. 
Corliss  engine  to  break  repeatedly?  Fracture  of  the  pin 
occurs   in   each   instance   close   up   to   the    shoulder. 

S.  R.  B. 
Fracture  might  result  from  the  pin  being  turned  with 
a  sharp  corner  instead  of  a  l^llet  at  the  shoulder:  but  I'e- 
peated  breaking  of  pins  would  seem  to  indicate  that  the 
wristplate  becomes  jammed  by  one  or  more  of  the  valve 
rods  dead-centering  with  the  valve  arms,  as  might  happen 
if  the  valve-arm  keyways  have  been  improperly  laid  out 
on  the  valve  stems,  or  the  right-and-left  connections  be- 
tween the  valves  and  wristplate  have  been  shortened  too 
much. 
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Cube  Root 

The  cube  of  a  number  is  tlu'  iiroduct  of  a  iminVier  taken 
three  times  as  a  factor,  tliiis 

3  X  :^  X  ;5  =  2^ 
which  is  the  cube  of  3. 

The  cube  root  of  a  number  is  a  numlier  whidi  lakou 
three  times  as  a  factor  will  produce  that  number.  In  the 
aliove  example  we  see  that  the  cube  root  of  27  is  3. 

As  we  just  learned  how  to  find  the  square  root  of  a 
number,  the  process  of  finding  the  cube  root  will  come 
easy.  Let  it  be  understood  at  the  beginning  that  it  is  so 
seldom  necessary  to  find  the  cube  root  of  a  number  that 
nearly  all  who  have  learned  how  must  refresh  their 
memory  each  time  they  are  required  to  do  an  example  in 
culje  root.  We  will  explain  the  process  of  finding  cube 
root  by  the  long  method,  and  learn  how  to  find  the  cuIk^ 
root  by  the  use  of  a  table. 

In  square  root  we  point  ofl"  the  number  into  periods  of 
two  places  each,  but  in  cube  root  a  period  consists  of  three 
figures.  We  begin  to  point  ofl"  at  units  place ;  to  the  left 
of  the  decimal  point  for  whole  numbers  and  to  the  right 
for  decimals,  ju.st  as  we  did  in  our  square-root  lesson.  As 
ill  square  root  so  in  cube  root,  the  number  of  periods  in- 
dicates the  number  of  figures  there  will  be  in  the  root. 

In  our  square-root  lesson  we  learned  that  when  a  num- 
i)er  was  not  a  i)erfect  square  and  we  wanted  to  carry  the 
root  out  to  decimals  we  had  to  annex  a  i^eriod  of  two 
ciphers  each  for  every  decimal  place  added  to  the  root. 
Tiie  same  is  true  of  cube  root,  except  that  a  period  of  three 
ciphers  is  added  for  every  added  decinuil  place. 

Example:   What  is  the  cube  root  of  7!),o07  'f 

For  convenience  a  table  of  cubes  from  1  to  !•  is  given 
l-elow. 

13   =      1  -li   =     (■;!  -3   =  34:3 

23   =     ,s  .4»   =   1-2.")  8»   =  512 

33    =   o;  (13    =   •>[(;  (,3    =   n^'.) 

4  I'OOt 

4  ■;!)  51  iT  )  43  ans. 

lOdd  X  3  =  4)S(i(»        04 


i 

15  50? 
15  50? 

l-H)  X  3  = 

300 
0 

510'.l 
•23 
15,  on? 
Pointing  <ifV,  we  have  two  ])eriods,  so  we  know  there  will 
be  two  figures   in  tiie   root.      Xow  we   find   the  greatest 
number  the  cube  of  .which  does  not  exceed  ?9.    This  is  ob- 
vioiisly  4,  and  the  cube  of  4  is  64  which  is  put  under  the 
fir.-<t  period  7!»,  and  subtra<ted,  giving  a  remainder  of  l."i. 
Xow  bring  down  the  next  periol,  getting  a  dividend  «r 
l.'..--.07. 

To  get  a  new  trial  divisor  we  set  down  at  the  left  the 
I  ill  the  root  and  square  it,  getting  16,  to  which  we  add 
two  ciphers.     We  now  multiply  1600  by  3  getting  4.sou 


which  is  our  new  trial  divisor  and  indicates  a  quotient  of 
3.  The  next  step  is  to  multiply  the  first  figure  of  the  root 
by  the  second  figure  which  is  ■'!,  aud  add  a  cipher  to  the 
product.     This  gives  us 

4  X  3  -  1-i 
and  the  cipher  added  equals  120,  which  must  be  multi- 
plied by  3,  giving  360.  (We  used  3  as  a  multiplier  of 
1600  and  120,  not  because  it  is  the  second  figure  of  the 
root,  but  because  3  is  used  as  a  constant  at  this  point  of 
the  process  in  all  cube  root  examples.) 

Set  this  360  under  the  4800  then  square  the  second 
figure  of  the  root  getting  9,  which  we  set  down  imder  the 
360.    Xow  add  the  column  of  figures,  which  gives 

4800  +  360  +  i)  =  5169 
which  is  the  complete  divisor  and  must  be  multiplied  by 
the  second  figure  of  the  root  or  3.     Tlie  product  equals 
the  dividend,  leaving  no  remainder  which  shows  that  79,- 
507  is  a  perfect  cube. 

Let  us  take  another  ex-ample  that  will  contain  three  fig- 
ures in  the  root  s6  as  to  show  how  the  trial  divisors  are 
obtained  when  there  are  more  than  two  figures  in  the 
root. 

Example:     Find  tlu'  culie 

8 
8 
6400  X  3  =  19,200 


500  X  3  =  1,080 

49^ 

20,929 

146,503 
8? 
8? 
609 
696 
7567900  X  3  =  2,270,700 

8? 
5 
1350  X  3  =   13,0.5(1 


■t    of 

009.! 

»21 

:  ,8', 

5. 

root 

OO'.i 

'.121 

81 

■'    ) 

1  8'..-> 

512 

157 

921 

14ii 

503 

'5 

11 

418 

87 

11 

418 

81 

rs 

2,283,775 
5 


U, 418,875 
From  what  was  learned  in  the  prexious  example,  the 
proce.ss  in  the  above  exami)lc  is  jilain  up  until  it  is  nec- 
essary to  find  a  trial  divisor  for  the  third  dividend  which 
is  11,418.875.  To  get  (his  trial  divfsor  we  combiiie  the 
two  figures  of  the  root  already  obtained  and  square  l!iein. 

87-  =  7569. 
and  then  we  annex  two  cipliers  anil  innltiply  liy  3.     This 
gives  US 

756.900  X  3  =  2,270.700 
whidi  is  our  trial  divisor.     We  find  that  it  will  go  into 
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the  dividend  5  times,  so  write  5  as  the  tliird  figure  of  the 
root.  Xow  combine  the  two  first  figures  of  the  root  aud 
multiply  by  the  third  figure 

87    X   -5   =  435 
aud  annex  a  ciplier  to  the  product,  giving  435''. 

This  is  now  multiplied  by  3  which  gives  13,050  and  is 
set  down  under  the  2,270,'700.  Xext  square  the  third  fig- 
ure of  the  root,  getting  25  and  set  it  down  under  the  13,- 
050.    Now  add  the  column 

2,370,700 
13,050 


2,283,775 


which  is  the  complete  divisor  for  the  dividend  11,418.- 
875.  As  the  divisor  is  contained  in  the  dividend  5  limes 
without  a  remainder  the  number  is  a  perfect  culie. 

To  prove  examples  in  cube  root  use  the  root  three  times 
as  a  factor.    Thus  to  prove  our  first  example, 
43  X  43  X  43  =  79,507. 

If  at  any  time  it  is  found  that  the  product  of  the  com- 
plete divisor  by  the  trial  figure  of  the  root  exceeds  thfi 
dividend'  it  will  be  necessary  to  correct  the  work  to  con- 
form to  the  next  lowest  trial  figure  in  the  root.  If  ever 
the  dividend  is  less  than  the  trial  divisor,  place  a  cipher 
in  the  root,  bring  down  another  period,  annex  two  cipheiis 
to  the  trial  divisor  and  proceed  as  before. 

By  this  time  we  have  learned  that  the  process  of  find- 
ing the  cube  root  of  a  number  is  very  laborious  and  we 
can  therefore,  appreciate  the  value  of  a  table  thai  will  tell 
at  a  glance  just  what  is  the  cube  and  cube  root  of  a  num- 
ber, and  of  course,  which  also  gives  the  number  when  the 
root  is  known. 

Xearly  all  engineers'  hand-  and  pocketbooks  contain 
tables  giving  the  squares,  square  root,  cubes  aud  cube 
roots  of  numbers  from  0.1  to  1000  and  over.  Kent's 
Mechanical  Engineers'  Pocketbook  gives  numbers  from 
0.1  to  1600.  In  this  book  the  numbers  from  0.1  to  10 
increa.se  by  tenths,  and  all  numbers  from  10  to  IGOd  in- 
crease by  1. 

Parts  of  this  table  are  given  below  so  the  reader  may 
more  fully  appreciate  the  value  of  such  tables. 


No. 

Square 

Cube 

Sq.Root 

Cube    Root 

.6 

.36 

216 

.7746 

.8434 

.65 

.4225 

.2746 

.8062 

.8662 

7 

.49 

.343 

.8367 

.8879 

75 

,5625 

.4219 

.8660 

.9086 

.8 

.64 

.512 

.8944 

.9283 

2 

4 

S. 

1.4142 

1  2599 

1 

4  41 

9  261 

1   449 

1  281 

2 

4  g4 

10.(V48    • 

1   483 

1   301 

3 

5  29 

12  167 

1.517 

1.320 

.4 

5  76 

13,824 

1.549 

1  339 

5 

6  25 

15  625 

1.581 

1.357 

No. 

Square 

Cube 

■      Sq.Root 

Cube  Root 

210 

44100 

9261000 

14   4914 

5  9439 

211 

44.521 

9393931 

14   5258 

5.9533 

212 

44944 

9528128 

14  5602 

5  9627 

213 

45369 

9663597 

14.5945 

5.9721 

214 

45796 

9800344 

14 . 6287 

5.9814 

The  reader  should  occasionally  do  examples  in  cube 
root  so  that  should  he  be  called  on  to  find  the  cube  root 
of  a  number  when  a  table  was  not  available  or  when  the 
cube  root  could  not  be  found  from  a  table  he  would  not 
be  ".stuck." 

Examples  for  Practice 

1.  What  is  the  number  of  which  9,3''»3,93]  is  the 
(.ube? 

2.  Find  the  cube  roots  of  the  following  numbers:  (a) 
0.8:  (b)  2.5;  (c)  213. 

3.  AVhat  is  the  number  of  which  44  is  the  cube  root  ? 


4.  The  diameter  of  a  sphere  is  found  by  dividing  its 
cubical  contents  by  0.5236  and  extracting  the  cube  root 
of  the  quotient. 

It  is  desired  to  make  a  cast-iron  ball  to  weigh  304  lb. 
Cast  iron  weighs  0.26  lb.  per  cu.iu.  What  would  be  the 
required  diameter? 

5.  D.  K.  Clark  gives  as  a  rule  to  find  the  diameter  of 
a  shaft  capable,  within  good  working  limits,  of  trans- 
mitting a  given  horsepower: 

Multiply  the  horsepower  by  285  for  cast  iron,  by  190 
for  UTought  iron  and  by  92  for  steel;  divide  by  the  speed 
in  turns  per  minute.  The  cube  root  of  the  quotient  will 
be  the  diameter  in  inches. 

According  to  this  rule  what  would  be  the  diameter  of 
n  steel  shaft  required  to  transmit  20  hp.  at  200  r.p.m.  ? 

Answers  to  Last  AVeek's  Problejis 

(1)  (a)  3.285;  (b)   18.06:  (c)  0.028;  (d)  3899. 

(2)  (a)  2.6158;  (b)  3.60556. 

(3)  -12  ft. 

(4)  85  in. 


OVER    THE    SPILLWAY 

JUST     JESTS,     JABS,     JOSHES    AND     JUMBLES 


"FOREWORD" 

It's  plain   to  you   upon   its  face 

That  Powers  need  for  much  more  space 

Has  driven  us  to  serve  these  "spills" 

In   capsule  doses  for   your   ills. 

So  when  a  joke's  not  over-ripe 

We'll  put  it  here  in  "six-point"  type. 

Our  friends  the  marine  engineers  have  fittingly  chosen 
German  Artillery  Hall  in  which  to  hold  their  festivities 
during  the  Charleston  convention.  Let  each  doughty  war- 
rior gird  himself  for  the  fray,  be  served  with  abundant  "am- 
munition," and  be  placed  where  the  "shots"  fall  the  thicliest. 
Charleston  this  day  expects  every  man  to  do  his  duty.  The 
watchword  will  be  Prosit! 

Catherine  Morris,  of  Pittsburgh,  attired  in  men's  clothes, 
woriied  in  boiler  and  machine  shops  for  three  years  before 
anybody  discovered  she  was  just  Cathy.  During  this  time 
she  demonstrated  she  was  some  white  hope  by  licking  a  shop- 
mate  in  a  fist  fight,  and  she  has  a  scar  on  her  face  to  prove 
it.  From  all  this,  one  is  assured  that  while  Cath  is  not  what 
could  truthfully  be  called  a  perfect  gentleman,  she's  a  real 
manly  young  lady,  just  the  same. 

It  was  a  happy  new  year's  beginning  for  a  few  electricians 
and  boilermakers  at  the  New  York  navy  yard.  The  master 
electrician  now  gets  $9.04  a  day  instead  of  $8.  and  the  master 
boiler  maker  $7.04  instead  of  $6.24.  Now.  boys,  remember  your 
home  obligations  and  don't  hold  out  on  those  few  odd  cents. 

Yes,  Ignatius,  dirt  in  a  governor  does  operate  against  its 
efficiency.  As  a  case  in  point.  Cole  Blease,  a  very  soiled  gov- 
ernor of  good  old  South  C'rlina,  attempted  to  start  something 
the  other  dav  bv  consigning  the  Constitution  to  Hades,  along 
with  everybody  else  who  had  the  temerity  to  disagree  with 
him.  They  used  to  call  him  "Coley"  in  the  old  days;  what 
they  call  him  now  isn't  fit  to  print. 

We  are  pleased  to  receive  a  circular  from  Greenwood's 
woodvard,  WoodsviUe,  N.  H.,  announcing  "mixed  wood  at  $3 
a  load  This  wood  can  be  seen  at  Mr.  Long's  brick  yard. 
Carrying  upstairs.  35c.  extra.''  Any  Woodsville  man  who  gets 
a  $3 'load  mav  be  lucky,  but  if  he's  inclined  to  throw  things 
he  should  keep  away  from  Mr.  Lang's  brickyard.  Charging 
35c  for  carrying  a  load  upstairs  seems  a  trifle  excessive. 
Many  a  load  has  been  thrown  down  stairs  free  of  charge,  and 
the  distance  up  is  no  greater. 

Wish  we  could  put  J.  Sharshall  Grarsty  in  our  Hall  of 
Fame  but  he's  not  an  operating  engineer;  just  a  Ph.D.,  a 
scholar,  a  gentleman  and  an  editor  of  "The  Tradesman."  of 
Chattanooga,  Tenn.  The  loss  is  ours,  doctor,  but  we  are 
respectfully  curious  to  know  if  the  "J"  might  stand  for 
Jiphthaheror  Jonadab?     Of  course,  it  might,  but  does  it- 
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Central  vStation  vs.   Isolated  Plant 

1)Y  Wakkex  B.  Lkwis 

ArgTUiicnts  in  the  case  of  the  central  station  vs.  the  iso- 
lated plant,  seem  to  be  never-ending;  now  a  new  proposi- 
tion is  a  summer  central  station  and  a  winter  isolated 
plant. 

Unfortunately  little  has  been  brought  to  light  relative 
to  this  phase  of  generating  electrical  energy,  but  a 
few  facts  are  herewith  presented  concerning  a  typical  office 
building,  which  may  serve  to  center  the  argument  on 
something  definite.  It  would  be  interesting  to  know 
wherein  other  office  buildings  difTer  in  their  general  re- 
quirements. 

The  building  is  ton  stories  high  and  of  modern  fire- 
proof construction.  It  covers  a  ground  area  of  approxi- 
mately 20,000  sq.ft.  For  several  years  it  has  been  pur-, 
chasing  central-station  current,  but  operating  its  own  hy- 
draulic elevator  steam  pumps,  and  heating  with  direct- 
steam  radiation.  The  o^vners  proposed  installing  a  plant 
for  lighting  purposes. 

A  careful  investigation  showed  that  the  maximum  de- 
mand during  daylight  office  hours  was  about  30  kw., 
chiefly  in  the  form  of  elevator  lighting  and  a  small 
amount  of  corridor  lighting.  The  maximum  energy  at 
.5  o'clock  in  the  afternoon  of  a  winter  day  was  150  kw. 
Current  is  metered  to  all  the  tenants.  The  total  energy 
purchased  from  the  central  station  had  averaged  for  three 
years,  50,000  kw.-hr.  per  year. 

Here  were  definite  conditions  to  be  met,  with  a  record 
of  the  cost  of  operation  under  the  existing  conditions. 
Bids  were  taken  for  a  plant  consisting  of  one  25-kw.  unit 
and  two  100-kw.  units,  on  the  theory  that  the  small  unit 
would  take  care  of  the  day  lighting,  and  should  one  of  the 
large  units  be  out  of  service,  the  maximum  peak  load  could 
be  carried  on  the  other  large  one  and  the  small  unit.  It 
was  found  that  the  cost  of  the  plant,  when  completely  in- 
stalled, would  be  approximately  $20,000.  A  number  of 
small  items  could  only  be  estimated ;  but  the  figure  given 
represented  the  sum  total  of  all  the  material  and  labor 
which  would  enter  into  the  installation  of  the  plant. 

Allowing  5  per  cent,  for  interest,  5  per  cent,  for  depre- 
ciation, and  2  per  cent,  for  repairs,  there  woidd  be  a  fixed 
charge  of  $2,400  per  year,  which,  divided  by  50,000,  gave 
a  cost  of  4.8  cents  per  kw.-hr.  for  fixed  charges  alone.  At 
this  point  it  seemed  rather  unnecessary  to  pursue  the  in- 
vestigation any  further,  as  current  was  being  purchased 
for  but  slightly  more  than  this  amount. 

It  may  be  claimed  that  the  maximum  capacitj-  of  the 
plant  wa.s  out  of  proportion  to  the  total  energy  used  ;  but 
it  should  be  remembered  that  the  tenant  who  buys  metered 
current  is  apt  to  be  careful  in  the  use  of  light,  and  the  loa.l 
fiutor  of  such  a  plant  would  be  exceedingly  small.  In 
l:ii  I,  the  amount  of  energy  used  during  daylight  hours, 
while  not  exceeding  a  maximum  demand  of  20  lew.  was 
in  the  aggregate,  fully  half  of  the  total  energy  purchased. 
The  total  time  over  which  the  peak  load  exists  is  hardly 
Zitl)  hr.  a  year. 

Statements  that  exhaust  steam  is  a  great  factor  in  less- 

•    ening  the  cost  of  power,  can  be  easily  over-em]ihasi2ed ; 

for  example,  it  is  seldom  that,  in  this  plant,  enough  ex- 

.   liaust  ."team  would  be  available  wlion  heat    was  wanted. 

1  The  day  load  would  not  furnish  enough  exhaust  steam  to 


heat  the  building,  and  during  the  hours  of  the  peak  load 
the  exhaust  steam  would  not  be  required  as  the  building 
would  be  already  warm. 

In  one  instance  an  isolated  plant  wai^  operated  with  a 
day  load  nearly  half  of  the  peak  load  and  their  isolated 
plant  appeared  to  be  a  good  investment.  It  developed 
that  tenants  paid  for  lights  on  the  basis  of  a  flat  rate, 
with  the  result  that  a  great  many  unnecessary  lamps  were 
burning  all  day.  That  building  is  now  using  central- 
station  current,  metering  the  current  to  all  tenants,  and 
the  day  load  has  decreased  to  a  mere  fraction  of  -what  it 
was  before. 


THE  STEAM  ENGINE  AND  TURBINE.  Bv  Prof  R  H  C 
Heck.  Published  by  D.  Van  Nostrand  &  Co.,  New  York. 
Cloth:  631  pages,  5%x9i4  in.;  402  illustrations;  charts: 
tables.      Price,    $5. 

This  is  a  textbook  for  engineering-  colleges  and  assumes 
that  the  student  has  an  elementary  knowledg-e  of  physics  and 
mathematics.  The  object  of  the  book  is  to  give  the  student 
a  knowledge  of  the  theory  and  general  construction  of  steam 
m-otors,  no  attempt  being  made  to  teach  either  design  or 
operation. 

In  the  first  part  of  the  book,  the  theory  of  the  heat  engine, 
properties  of  steam  and  the  ideal  engine  cycles  are  discussed. 
Indicator  diagrams  are  then  taken  up  and  methods  of  inter- 
preting them  shown.  Engine  efficiencies  are  defined  and  il- 
lustrated by  numerous  examples.  Diagrams  are  given  of  the 
various  forces  in  the  engine  and  the  construction  of  its 
principal  parts.  Standard  types  of  valve-gears  and  gov- 
ernors are  described,  their  construction  illustrated  by  dia- 
grams  and    their    functions    explained. 

The  steam  turbine  is  taken  up,  jet  action  discussed  and 
tables  of  turbine  performance  given.  The  designs  of  several 
types  of  turbines  are  explained,  numerous  illustrations  given 
of  the  various  types  and  the  construction  of  their  working 
parts. 

The  book  is  concluded  by  a  chapter  on  steam  jet  blowers, 
injectors,   condensers  and   other  forms  of  auxiliary  apparatus. 

Steam  tables  based  on  the  same  data  as  those  of  Marks 
and  Davis  are   given   in  the  appendix. 

Three  tables  of  efficiencies,  engine,  turbine  and  condenser, 
are  included  in  the  text,  which  are  well  worked  up  and  quite 
valuable.  The  arrangement  of  these  tables  is  unusual  to 
say  the  least,  and  the  peculiar  nomenclature  necessitates  con- 
siderable labor  in  their  use.  It  is  unfortunate  that  books 
intended  for  use  in  schools  should  not  use  as  far  as  possible 
standard    symbols. 

AN  INTRODUCTORY  TO  THE  STUDY  OP  FUEL.  By  P.  J. 
Erislee,  D.  Sc.  D.  Van  Nostrand  Co.,  New  York  City.  Cloth; 
26a    pages;    6x9    in.;    61    illustrations.      Price,    $3. 

This  book  is  the  first  of  a  series  of  volumes  treating  the 
subject  of  industrial  chemistry  under  the  general  title  "Out- 
lines of  Industrial  Chemistry."  The  purpose  of  each  volume 
Is  "to  provide  students  and  persons  employed  on  the  tech- 
nical side  of  any  particular  industry  with  a  handbook  ex- 
plaining the  chemical  aspect  of  the  operations  carried  on  in 
that  industry."  If  the  others  of  the  series  are  like  the  pres- 
ent volume  they  will  be  found  interesting  to  those  engaged 
in  the  business  end  of  the  industries  to  which  they  relate 
because  only  an  elementary  knowledge  of  chemistry  is  neces- 
sary  to   understand   most   of   the   subjects   treated. 

The  first  two  chapters  treat  of  the  chemistry  of  combus- 
tion and  include  a  consideration  of  reacting  substances,  re- 
action velocity  and  the  use  of  catalysers  to  accelerate  the 
velocity  of  reactions.  The  next  chapter  deals  with  the 
analysl."!  of  fticl  and  flue  gases  and  proves  very  instructive. 
Directions  are  given  for  the  use  of  Hempel,  Orsat  and  Stead 
apparatus.  The  precautions  to  be  observed  in  taking  and 
analyzing   a    flue-gas    sample    are    enumerated. 

Calorlmetry  is  the  subject  of  Chapter  IV  and  Includes  In- 
structions for  using  .several  well  known  calorimeters.  Chap- 
ter V  describes  the  many  kinds  of  pyrometers  for  furnace 
control,  and  special  attention  Is  given  to  the  FCry  radiation 
pyrometer. 

After  a  rather  technical  discussion  of  combustion  tem- 
perature calculations  In  Chapter  VI,  the  classification  and 
composition  of  various  fuels  are  treated.  A  simple  laboratory 
test  Is  described  for  Identifying  the  class  to  which  a  coal 
belongs.   I.e.,  as  to  whether  it  Is  a  caking  or  noncaklng  coal. 
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Another  chapter  treats  the  subject  of  coke,  coke  making 
and  the  recovery  of  the  byproducts.  A  few  types  of  coke 
oveps  are  described  and  the  commercial  value  of  briquetttd 
coal   is  discussed. 

The  composition  of  natural  gas,  and  the  composition  and 
commercial  combustion  of  producer,  water  and  blast-furnace 
gas  are  also  covered  and  a  chapter  on  the  chemistry  of  rapid 
combustion  or  explosion  contains  an  instructive  explanation 
of  the  combustion  of  fuels  and  heat  losses  in  explosion  mo- 
tors. 

The  last  four  chapters  treat  of  "Air  Supply  and  Measure- 
ment of  Draft."  "Furnace  Efficiency  and  Fuel  Economy," 
"Heat  Balances,  Furnace  and  Boiler  Tests"  and  "Liquid 
Fuels,"  and  are  particularly  useful  to  the  power-plant  en- 
gineer. 

The  author  recommends  the  purchase  of  coal  upon  the  basis 
of  its  heating  value,  and  then  proceeds  to  point  out  the 
fallacy  of  the  objections  raised  against  this  practice.  He 
believes  that  coal  samples  are  not  selected  with  sufficient 
care  to  be  truly  representative  of  the  total  quantity  and  that 
this  is  the  chief  reason  for  the  prejudice  so  prevalent  against 
this  system  of  purchase. 

The  Universitv  of  Illinois  has  issued  a  revision  of  bulle- 
tin No.  9.  dealing  with  "An  Extension  of  the  Dewey  Decimal 
System  of  Classification  .\pplied  to  the  Engineering  Indus- 
try." by  Professors  L.  P.  Breckenridge  and  D.  A.  Goodenough. 
This  may  be  obtained  by  addressing  the  Engineering  Experi- 
ment   Station.   Urbana,   111.      Price,   50   cents. 


Nine  Men  Killed  in  Hamlet,  N.  C,  Boiler 
Explosion 

As  the  result  of  the  explosion  of  a  stationary  boiler  in 
the  Seaboard  Air  Line  Ry.  shops,  at  Hamlet,  N.  C,  on  Dec 
2S,  according  to  press  reports,  nine  men  were  killed  includ- 
ing the  roundhouse  foreman,  the  assistant  foreman  and  an 
electrician. 

One  part  of  the  boiler  was  hurled  through  an  18-in.  wall 
and  thrown  500  ft.  away.  The  body  of  one  of  the  negroes 
employees  was  found  over  200  ft.  from  the  building.  No 
reasonable  cause  is  given,  but  we  hope  to  publish  the  de- 
tails  in    an    early    issue. 

Special  Engineering  Lecture  Course  at 
vStevens  Institute 

A  special  lecture  course  on  engineering  topics  has  been 
introduced  as  a  regular  part  of  the  curriculm  for  the  students 
of  the  senior  class,  Stevens  Institute  of  Technology.  These 
lectures  are  delivered  by  well  known  men  actively  engaged 
in  the  work  of  which  they  speak.  Some  of  the  lectures  and 
subjects  for  the  first  half  of  the  senior  year  are: 

John  Calder,  of  the  Cadillac  Motor  Co.,  six  lectures  on  shop 
management,  including  organization,  system,  foremen  and 
workmen,  industrial  hygiene,  the  modern  plant,  and  the 
engineer's   social  relations. 

Dr.  D.  S.  Jacobus,  advisory  engineer.  Babcock  &  Wilco.x 
Co.,  formerly  professor  of  experimental  engineering  at 
Stevens  Institute  of  Technology,  two  lectures  on  boilers  and 
power  plants. 

Henry   C.    Meyer.    Jr.,    consulting   mechanical    engineer.    New 
York  City,  two  lectures  on  heating  and  ventilating. 

Walter  Kidde,  engineer  constructor,  New  York  City,  a 
lecture  on  power  plants  for  manufacturing  and  other  estab- 
lishments. 

Another  course  of  lectures  on  engineering  topics  is  now 
being  arranged  for  the  second  half  of  the  senior  year. 


Annual  Meeting  of  the  Efficiency  Society 

The  annual  meeting  of  the  Efficiency  Society  will  be  con- 
vened on  Monday,  Jan.  27,  at  9:30  a.m..  in  the  Engineering 
Societies  Building,  39  West  Thirty-ninth  St.,  New  York  City. 
The  following  tentative  program   has  been  outlined: 

Monday,   Jnn.   27 

9:30   a.m.      President's   address. 
Business    meeting. 
Election    of   directors. 
10:30   a.m.      Symposium    on    organization. 

Discussion  on  the  necessity  of  charts  of  organiza- 
tion. 
1:00   p.m.     Adjournment    for    luncheon. 
2:00   p.m.      Symposium    on    management. 

Discussion     on     democracy    in    industry    and     "si- 
curing   the    consent    of   the    governed." 
o:00   p.m.      Adjournment. 

7:00   p.m.      Dinner   at    the    Aldine    Club,    200    Fifth    Ave. 
S:30   p.m.      Symposium    on    efficiency    in    the    Government    or- 
ganization,    national,    state    and    municipal. 
Discussion  on  a  readjustment  of  the  governmental 
departments. 
10:30   p.m.      Adjournment. 

Tuesflny,    Jnn.    2s 

10:00   a.m.      Symposium    on    industrial    relations. 

Discussion    on     the    relations     between    employer, 
employee    and    the    community, 
m.      Adjournment    for   luncheon. 

Symposium   on   industrial   hygiene   and  safeguards 

against  occupational  disease  and  accident. 
Symposium    on    safety. 

(1)  In    marine    transportation. 

(2)  In    land    transportation. 

(3)  In    crowded    buildings. 

(4)  From    city    conflagrations. 

(5)  Prom    forest    fires. 

(6)  In    mines 

(7)  In    dam    protected    districts. 
(S)    From  freshet  floods. 

session    will    be    illustrated    by    moving    pictures    .qnd 
slides    demonstrating    the    efficiency    obtained    by    con- 
the    human    element    in    industrj'. 
n.      Closing  business  session, 
n.      Final    adjournment. 


SOCIETY    NOTES 


The  Detroit  Engineering  Society  will,  at  its  regular  meet- 
ing, Jan.  17,  at  the  Employers  Association  Rooms,  Stevens 
Bldg.,  Detroit,  discuss  the  subject,  "The  Pennsylvania  Ter- 
minal, New  York  City,"  by  H.  O.  Pond,  of  Westinghouse, 
Church,    Kerr    &    Co.,    New    York    City. 

The  annual  banquet  of  the  Ithaca  section  of  the  American 
Institute  of  Electrical  Engineers  will  be  held  in  Sibley  Dome. 
Cornell  University,  on  the  evening  of  Jan  11.  The  principal 
speaker  of  the  evening  will  probably  be  R.  D.  Mershon,  presi- 
dent of  the  American  Institute  of  Electrical  Engineers,  of  New 
York  City.  The  program  will  include  several  several  musical 
numbers  and  song  hits  on   members  of  the  faculty. 


1  :00   p. 
2:00   p.m. 


3:30   p.m 


This 
lantern 
serving 


PERSONALS 


William  Stanley.  Great  Barrington.  Mass.,  has  been  award- 
ed t'ne  fourth  Edison  medal  "for  meritorious  achievement  in 
invention  and  development  of  alternating-current  systems 
and    apparatus." 


OBITUARY 


The  American  Society  of  Mechanical  Engineers  has  re- 
ceived an  inquiry  from  the  Milwaukee  Engineering  SocietS' 
with  respect  to  affiliation.  Vice-president  George  M.  Brill 
was  appointed  to  extend  the  society's  greeting  to  the  Mil- 
waukee   organization. 

W.  R.  Griffin,  general  manager  of  the  Tri-State  Railway  & 
Electric  Co..  announces  that  his  concern  will  build  a  $2,000.- 
000  power  house  on  a  site  near  Midland,  Penn.  The  company 
has  obtained  control  of  coal  mines  near  at  hand  for  fuel. 
The  J.  G.  White  Engineering  Co.,  New  York,  will  have  charge 
of   the    work. 

The  Goulds  Mfg.  Co..  Seneca  Falls,  N.  Y..  announces  that 
the  Mine  &  Smelter  Supply  Co..  Denver,  Colo.,  has  been  ap- 
pointed as  agent  for  the  Goulds  line  of  triplex  power  pumps. 
Its  territory  will  include  the  entire  state  of  Colorado  and  ad- 
jacent counties  in  Wyoming,  New  Mexico,  South  Dakota  and 
Montana. 


GEORGE    BURNHAM 
Burnham,     Sr.,     Philadelphia, 


George  Burnham,  Sr.,  Philadelphia,  Penn..  formerly  a 
partner  in  Burnham,  Williams  &  Co.,  Baldwin  Locomotive 
Works,  and  an  associate  of  Matthias  W.  Baldwin,  the  founder 
of  the  works,  died  Dec.  10,  aged  95  years.  Mr.  Burnham 
became  identified  ^vith  the  Baldwin  Works  in  the  early  days 
of  locomotive  building,  and  in  ,1867.  following  the  death  of 
Mr.  Baldwin,  became  a  member  of  the  firm,  then  styled  M. 
Baird  &  Co.  On  Mr.  Baird's  retirement,  in  1873,  Mr.  Burn- 
ham became  senior  member  of  the  firm  then  known  as  Burn- 
ham. Parry.  "W'illiams  &  Co..  and  later  as  Burnham,  Williams 
&  Co.,  which  continued  until  the  incorporation  of  the  business 
in  1909  as  the  Baldwin  Locomotive  Works.  Mr.  Burnham's 
connection  with  the  industry  covefed  73  years.  He  was  born 
at  Springfield.  Mass.,  and  when  about  15  years  of  age  went 
to  Philadelphia.     He  leaves  two  sons  and  a  daughter. 
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Beware  the  Imp  of  Indolence! 


AFTER    the    novelty    of    the    new    job 
wears  off,  nothing  makes  the  engineer's 
life  one  dreary  monotonous  daily  grind 
like  the  Imp  of  Indolence.     The  first  thing  an 
engineer  knows,  he  is  overpowered  by  the  Imp 
and  has  his  nose  to  the  grindstone. 

Many  laymen  have  an  idea  that  the  life 
of  an  engineer  is 
one  of  ease,  with 
nothing  to  do  but 
watch  the  wheels 
turn.  This  appar- 
ent visible  evi- 
dence that  the  en- 
gineer's life  is  a 
"snap,"  leads  many 
young  men  into  the 
profession  who 
realize  in  tlie 
course  of  years 
that  it  requires 
time  and  study  to 
keep  up  with  the 
procession,  let 
alone  get  ahead  of 

it  so  as   to   put  himself  in  line  for  something 
better  when  the  opportunity  comes. 

So  day  after  day,  and  day  after  day, 
these  misguided  novices  perform  the  same 
routine  work  in  a  plant  where  there  is 
every  opportunity  to  make  a  record  for 
performance;  they  overlook  the  all-important 
fact  that  to  achieve  any  measure  of  success 
they  must  know  not  only  what  has  been  done 
in  the  past,  but   they  must   keep   posted   as 


to  what  is  being  done  now  in  the  line  of  the 
generation  and  transmission  of  power. 

Surrounded  almost  and  certainly  within 
easy  reach  of  an  abundance  of  excellent  and 
authentic  reading  matter  to  relieve  their 
difficulties,  they  keep  on  in  the  same  old  way, 
day  by  day,  with  their  noses  to  the  grind- 
stone, heedless  of 
the  available  lit- 
erature to  lighten 
their  burden. 

There  are  many 
men  also  who  take 
trade  papers  and 
own  books  relating 
to  power  plant  sub- 
jects, but  who 
never  take  the 
time  to  glance  at 
their  valuable  con- 
tents. These  en- 
gineers are  no 
better  off  than 
those  who  do  not 
subscribe  for  en- 
gineering journals  at  all,  and  who  do  not  own 
so  much  as  a  book  on  po\ver  generation. 

Don't  let  the  Imp  of  Indolence  keep  your 
nose  to  the  grindstone.  Break  away  from 
his  grasp;  then  reading  and  studying  will  lead 
the  way  to  success  where  the  monotonous 
daily  grind  is  replaced  by  a  position  where- 
in executive  ability  is  required  and  where  one 
has  a  larger  field  in  which  to  develop  him- 
self and  show  his  worth. 

\('oiiiribulcd  hij  Gcorijc  II.  Wallace,  liaiiue.  M'l'.s.J 
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New  Perth  Amboy  Central  Station 


J 


By  Wakken  0.  Rogers 


SYXOPSIS — Description  of  a  new  central  station  hav- 
ing many  features  vorfhy  of  notice.  The  method  em- 
ployed in  cutting  in  and  out  turbines  and  exciters  by  il- 
luminated signals  is  one  of  them. 

The  Public  Service  Corporation  of  Xew  Jersey  con- 
trols three  distinct  enterprises,  the  Public  Service  Gas 
Co..  the  Public  Service  Railway  Co.,  and  the  Public  Ser- 
vice Electric  Co.  The  last  is  divided  into  three  divi- 
sions, known  as  the  Northern,  Central  and  Southern, 
each  operated  under  a  separate  management.  The  Perth 
Amboy  station  is  in  the  central  division  and  works  in  con- 
junction with  the  seven  other  generating  stations  of  that 
division.  In  Fig.  1  is  shown  the  relative  location  of  sta- 
tions and  substations.  The  main  circuits  are  all  of  13,200 
volts  and  the  load  is  composed  of  power,  lighting  and 
street-railway  service. 

The  station  has  been  built  on  the  west  bank  of  the 


turbines,  giving  a  view  of  the  condensing  outfit.  A  moni- 
tor roof  provides  light  and  ventilation.  At  night,  the 
room  is  illuminated  by  eight  inclosed  arc  lights  and  180 
sixteen-candlepower  lamps  hung  from  girders;  the  auxi- 
liary rooms  with  incandescent  lamps.  A  35-ton  box  crane 
runs  the  length  of  the  turbine  room. 

TCKBIXES  AXD  ExCITEKS 

There  are  two  double-flow  turbines  which  run  at  1800 
r.p.m.,  each  driving  a  oOOO-kv.-a.,  three-phase,  60-cycle 
alternating-current  generator  with  a  voltage  of  13,200. 
These  machines  are  set  crosswise  of  the  turbine  room  as 
in  Fig.  3,  on  a  foundation  of  steel  piers  inclosed  in  con- 
crete, shown  in  Fig.  10.  The  governor  oil  pressure  is 
maintained  at  44  lb.  and  that  on  the  bearings  at  .51/2  lb. 
The  machines  are  fitted  with  a  tachometer.  Two  auxiliary 
bearing  oil  pumps  are  used  when  starting  and  stopping. 
Each  generator  has  an  individual  slate  switchboard  on  the 


Fa;.  1.   Showing  Relative  Location  of  Poweu  Plants  and  Substations  of  the  Soither> 

Public  Service  Co. 


L)  I  VISION'  OF  the 


Arthur  Kill,  which  facilitates  the  delivery  of  coal  by  wa- 
ter and  also  aifords  an  abundant  supply  of  salt  water  for 
condensing  purposes.  Fig.  2  shows  a  view  of  the  station 
from  the  water  front  at  low  tide,  also  the  conveyor  run- 
wav  and  eondcnsing-water  intake. 

The  building  is  constructed  of  red  brick  witit  terra- 
cotta trimmings.  It  is  divided  into  a  boiler  and  a  tur- 
bine room,  each  ha%-ing  a  large,  well  lighted  basement. 
The  turbine  room  has  a  gallery  at  one  end  where  the  en- 
gineers' offices  are  located.  It  i.s  built  with  a  temporary 
end  to  permit  of  extending  the  building  eventually. 

The  inside  walls  are  yellow  pressed  brick.  The  tur- 
bme-room  floor   is  concrete  with  gratings  between    the 


turbine-room    floor    upon    which    the    field     generator 
switches  and  circuit-breakers  are  mounted. 

Three  turbine-driven  exciter  sets  are  placed  in  a  bay 
at  the  head  of  the  turbines,  Fig.  4.  The  generators  are 
of  800  amperes  capacity  at  125  volts,  ^vith  a  speed  of 
2400  r.p.m. 

Heaters  and  Recording  Instruments 

At  the  other  end  of  the  same  bay  are  two  open  feed- 
water  heaters,  using  the  exhaust  steam  from  the  auxiliary 
units  about  the  plant. 

On  the  wall  behind  the  heaters  is  located  the  recording 
instrument  board,  containing  two  recorders  for  feed  wa- 
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ter  temperature,  two  for  vacuum,  one  for  steam  pressure 
aud  one  for  steam  temperature.  There  are  also  two  ven- 
turi-meters,  recording  and  indicating  the  quantity  of  wa- 
ter used  in  the  Iwilers. 

Boiler  Room 

In  the  boiler  room,  which  is  separated  from  the  turbine 
room  bv  a  brick  wall,  the  entrance  tlimugh  wbirh  is  pro- 


FiG.  2.   Waterfront  View  of  the  Statiox,  Showing 
Coal-conveyor  Runway  and  Condenser  Intake  ^ 

tected  by  fireproof  metal  doors,  are  eight  600-hp.  water- 
tube  boilers  fitted  with  superheaters.  Each  boiler  has 
291  tubes,  18  ft.  long,  and  three  42-in.  drums,  20  ft.  4 
in.  long.  A  view  through  the  firing  alley  between  the 
four  batteries  of  boiler  is  shown  in  Fig.  5. 


a  steam  hoisting  engine,  and  dumped  into  a  hopper  above 
a  coal  crusher  operated  by  a  ID-hp.  induction  motor.  The 
belt  conveyor  is  operated  by  a  3()-hp.  induction  motor. 

A  view  of  the  back  of  the  boiler  setting  is  shown  in 
Fig.  7.  Each  of  the  24  blowoff  pipes  contains  a  plug 
cock  and  a  blowoff  valve  of  the  gate  type.  The  smoke 
uptake  from  each  boiler  connects  with  a  separate  main 
smoke  flue,  running  along  the  rear  and  above  each  row  of 
boilers  to  the  two  brick  chimneys. 

The  draft  of  each  battery  of  boilers  is  controlled  by  a 
damper  regulator.  If  the  plant  is  running  with  a 
light  load  with  only  a  small  part  of  the  boiler  capacity 
under  steam,  hand  regulation  is  adopted,  as  there  is  sulii- 
cient  natural  draft  for  eight  boilers  on  each  chimney. 
With  full  boiler  load  forced  draft  is  used,  each  set  of 
four  boilers  being  served  by  a  10-ft.  fan  driven  by  a 
12xl4-in.  engine.  These  units  are  set,  one  under  each 
stack  between  the  four  steel  and  concrete  columns  which 
support  the  chimney,  as  shown  in  Fig.  6.  Air  is  carried 
to  the  furnaces  through  a  sheet-iron  air  duct,  supported 
by  the  basement  ceiling,  branches  going  to  each  furnace. 
These  chimneys,  contrary  to  the  general  practice  of  us- 
ing a  .solid  foundation,  set  on  four  steel  columns  in- 
cased in  concrete,  upon  which  I-beams  are  set  and 
which  support  a  concrete  base.  Fig.  6.  The  chim- 
neys are  179  ft.  high  and  14  ft.  in  diameter  at  the 
top.  Both  chimneys  are  at  the  end  of  the  boiler  room 
having  the  temporary  end-wall  construction,  but  the 
doubling  of  the  boiler  installation  will  make  them  cen- 
tral in  the  boiler  room,  the  duplicate  smoke  tines  en- 
tering from  opi>osite  sides  of  the  stack. 

Refuse  from  the  ashpit  is  loaded  into  an  ash  car  in  the 
basement,  as  shown  in  Fig.  8.  and  at  present  is  removed 
to  the  yard  and  used  for  filling-in  purposes.     The  stoker 


fi. 
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Coal  is  delivered  to  the  l.")ii()-ton  capaeity  concrete  coal 
bunker,  above  the  boilers,  by  a  400-ft.  belt  conveyor,  run- 
ning from  the  wharf  to  the  power  plant  through  a  run- 
way, as  shown  in  Fig.  2.  From  the  storage  bin  the  ror.i 
runs  through  spouts,  each  fitted  with  a  weighing  scale 
and  into  the  stoker  hopj)er  as  wanted.  All  charges  weigh 
IfiOO  II).  and  tally  is  kept  by  the  fireman  on  a  register- 
ing clock  each  time  a  new  charge  is  weighed.  The 
register  is  checked  at  the  end  of  every  shift.  The  coal  is 
unloaded  from  barges  by  a  clamshell  bucket,  operated  by 


shafts  are  motor  driven,  but  a  vertical  steam  engine  is 
also  installed  for  each  and  connected  to  the  stoker  ec- 
centric shaft  by  a  belt  and  clutch.  The  stokers  are  ojM^r- 
ated  from  the  shaft  eccentrics  by  an  eccentric-rod.  Tlu^ 
two  shafts  and  the  motor  whicli  drives  them  are  hung 
from  the  basement  ceiling. 

Feed-w ATEi!  Pumps 

Water  is  supplied  to  the  boiler  by  three  80-h]i.  steam- 
turbine-driven     centrifugal     ))umps.     running    at    2100 
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r.p.m.    These  are  in  the  hasement,  under  the  feed-water 
heaters,  which  are  on  the  floor  above. 

Two  6  and  4  by  6-iu.  duplex  oil  pumps  handle  the  oil 
from  the  two  filters.    The  house  water  supply  is  handled 


A  9  and  10  by  12-in.  steam-driveu  air  compressor  fur- 
nishes compressed  air  for  plant  use  and  is  placed  at  one 
end  of  the  basement  where  a  plant  machine  shop  has  also 
been  installed. 


Fig.  6.   Forced-diuft  Fax,  Chim:-' 

XKY    AND    ForXDATIOX 
CoNDENSEIiS 

Two  surface  condensers,  each  con- 
taining 10,000  sq.ft.  of  cooling  sur- 
by  one  of  two  10  and  6  by  12-in.,  outside-packed,  duplex  face,  are  in  the  basement,  one  directly  under  each 
pumps,  pot-valve  type.  On  the  same  floor  is  an  18  and  10  turbine.  Each  condenser  is  served  by  a  12  and  22 
by  12-in.  underwriter>;  fire  pump  with  a  capacity  of  10(10     liv  IS-in.  rotative  dry-air  and  vacuum  pump  and  a  circu- 


FiG.  4.  Steam  Tukbixe-drivex  Exciter  Uxits 


Fig.  5.    View  through  Firixg  Alley 

gal.  at  70  r.p.m.  A  \'iew  of  the  pump  room,  with  the  tur- 
bine-driven centrifngal  pumps  in  the  distance,  is  shown  in 
Fig.  9. 


Fit;.  7.   Blowoi'I'  I'ipes  axd  Smuki; 


Fptakf: 


lating  unit  consisting  of  a  20-in.  three-impeller  cen- 
trifugal pump  directly  connected  to  a  36-in.  steam  tur- 
bine; the  hotwell  pump  is  4  in.,  directly  connected  to  a 
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steam  turbine.  A  feature  of  their  installation  that  should 
appeal  to  engineers  is  that  both  condenser  units  are 
placed  between  the  four  concrete-supporting  piers,  as 
shown  in  Figs.  ]0  and  11,  thus  occupying  a  minimum  of 
floor  area  other  than  that  occupied  by  the  turbine  found- 
ations. 

Each  circulating  piinip  lakes  watci'  rnmi  two  lines  of 


operated  from  the  main  and  local   switchboards  re.spec- 
tively. 

The  main  generator  and  transmission  line  switches 
and  switchboard  are  in  the  gallery  above  the  turbine 
room.  Figs.  12,  13  and  14,  and  the  local  commercial  and 
railway  circuits  are  controlled  from  switchboards  in  a  bay 
of  the  turbine  itoor,  opposite  the  exciter  bav. 


Fig.  S.    ilicTHoi)  of  IIaxulixo  Ashes 


Fiii.  '.K  View  of  the  Pump  Room 


6-ft.  concrete  intake  pipe  which  run  from  a  point  beneath 
the  plant  to  a  natural  forebay  outside  of  the  plant. 
There  is  also  a  10-ft.  concrete  circulating  water-discharge 
canal.  Each  equipment  is  guaranteed  to  condense  75,- 
OtH)  lb.  of  steam  per  hour  and  produce  a  vacuum  of  28  in. 
M-ith  circulating  water  at  70  deg.  E.,  or  281/^  in.  vacuum 
with  the  circulating  water  at  60  deg.  F. 

EEEtTincAL  Apparatus 

In  addition  to  the  turbo-generators  and  e.xciters,  the 
station  is  equipi)ed  with  one  lOOO-kv.-a.  oil-immersed, 
water-cooled    transformer   and    one    .5()i)-kv.-a.   oil-cooled 


The  lo,0()0-volt  electrolytic  arresters  are  located  on  a 
gallery  above  the  main  high-tension  switch-roo'm.  Fig. 
15,  at  which  point  the  transmission  lines  enter  the 
luiilding. 

Sl(;\AT.    SVSTKII 

The  turbines  and  e.xciters  are  controlled  with  reference 
to  a  system  of  illuminated  signals.  In  the  boiler  room  an 
illuminated  signal  board  is  suspended  wliere  it  can  be 
readily  seen  by  the  men,  and  designates  the  load  being 
carried.  If  the  load  is  to  be  changed,  the  switchboard 
operator  signals  the  boiler  room  by  blowing  one  blast  of  a 


FlO.    10.   COXDEXSEU   AVD  All!   Pl'MP 


Fig.  11.    roNi)E\si;u  CmrrLATiNo  Pump 


Iransroiiricr  for  supplying  loral  service  at  2100  volts, 
(wo-])liasc.  'J'licre  is  also  one  500-kw.  fiO-cyile  rotary 
converter  sup|)lying  direct  current  for  railway  u.se  at 
(i'lo  volts.  All  transformers  are  installed  in  the  base- 
inciit. 

All  13,200-volt  and  2400-volt  switches  are  electrically 


.signal  whislle  and  setting  a  dial  to  ilhnninnic  the  figures 
indicating  the  load  in  kilowatts  to  be  canicil  within  the 
next  1.5  Jiiin.  The  signal  remains  illumioiitcd  until  Iho 
next  change  in  the  load  occurs. 

In  the  turliine  room  is  a  column  of  lights  numbered  to 
correspond  with  the  turbine  and  e.xciter  numbers,  and  a 
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keyboard  at  the  head  of  each  turbine  which  corresponds 
with  one  on  the  operating  board.  The  signals  consist  of 
six  illuminated  disks,  '-Full  Speed"  "0.  K.,"  "Shut 
Down,"  "Start,"  '"Stand  By"  and  "Load  OH." 

If  the  operator  wishes  to  start  a  turbine,  one  blast  of 
a  whistle  is  blown  and  the  number  of  the  machine  wanted 


given,  the  engineer  answering  "O.K."  The  operator  then 
throws  out  the  generator  oil  switch  and  signals  "Load 
Off,"  when  the  engineer  stops  the  turbine.  A.s  soon  as 
the  operator  gets  the  signal  "Shut  Down,"  he  cuts  out  the 
sigjuil  "Load  Off,"  indicating  "0.  K."  to  the  engineer 
who  in  turn  switches  oS  the  signal  "Shut  Down." 


AXD  T};AXsi-oiiiii-;R  Rooms 


is  illuminated.  At  the  same  time  the  dial  "Start"  is  il- 
luminated on  the  panel  of  the  generator  to  be  put  in  ser- 
vice. 

The  engineer  answers  by  pressing  a  button  switch 
which  illuminates  the  dial  "0.  K."  As  soon  as  the  ma- 
chine is  ready  for  the  load  he  also  gives  the  signal  "Full 
Speed,"  and  at  the  same  time  cuts  out  the  signal  "0.  K." 
The  operator  then  gives  one  blast  of  the  turbine-signal 
■whistle  and  signal  "Stand  Bj-"  which  is  answered  by  the 
engineer  with  the  "0.  K."  signal. 

After  the  operator  has  sj-nchronized  the  machine  with 


In  case  the  engineer  wishes  to  shut  down  a  unit  be- 
cause of  accident,  etc.,  he  pushes  an  emergency  buzzer  in 
the  operatoi-'s  room  and  signals  "Shut  Down."  The  oper- 
ator then  gives  the  signals  the  same  as  for  starting  a  ma- 
chine under  ordinary  conditions  and  cuts  out  the  defec- 
tive machine  as  soon  as  another  has  picked  up  the  load, 
signaling  "Load  Off'"  on  the  signal  board  belonging  to 
the  defective  machine.  When  the  engineer  has  the  de- 
fective machine  shut  down,  he  switches  off  the  signal 
"Shut  Down"  and  the  operator  switches  off  the  signal 
"Load  Off,"  leaving  the  panels  diar. 


Fig.  14.    Operating  SwrrrHBOARD 

those  running  he  throws  in  the  generator  oil  switch  and 
switches  off  all  signals  and  gives  the  "'0.  K."  The  engi- 
neer does  the  same  from  his  panel. 

When  shutting  down  a  turbine  the  signal  whistle  is 
blown  one  blast  and  the  number  of  the  machine  to  be 
shut  down  illuminated,  also  the  order  to  "Stand    By" 


Fig.  15.    Lightxixg-arrester  'Room 

"^Yhen  the  operator  desires  to  put  a  turbine  under  load 
quicker  than   under  normal   conditions,   he   notifies   the 
engineer  by  giving  four  blasts  of  the  whistle  in  rapid  ! 
succession  and  the  signals  for  starting  up  are  given  as  ■ 
under  ordii::^ry  conditions.  j 

The  same  signals  answer  for  starting    and    sluitting  ! 
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EQUIPMENT  OF  THE  NEW  PERTH  AMBOY  CENTRAL  STATION 


Equipment 

Steam  turbines 
Steam  turbines 
Steam  turbines  . 
Engines...  . 

Engines 

Engine 

Compressor 

Boilers 

Stokers 

Generate-    

Generators,    ... 

Converter 

Turbine 

Turbine 

Motor 

Motor 

Pump 

Pumps 

Pumps 

Pumps 

Pumps 

Pumps 

Pumps 

Condensers 

Heaters 

Conveyor 

Chimneys  

Recording  meters 
Temperature  and 
pressure  gages. 

Regulator 

Tachometers     , 

Filters 

Electrical  appara 

Valves 


Volta  I  Amp.  Phase  Cycles  R.p 


Manufacturers 


Double  flow 
single  Stage 
Single  Stage 
Center  Crank 
Vertical 
Hoisting 


Alt.   current 


Induction 

Induction 

Duplex 

Duplex 

Duplex 

Centrifugal 

Rotative 

Centrifugal 

Centrifugal 

Surface 

Open 

Belt 

Kellogg 

Venturi 


White  Star 


Gen.   units 
Exciter  sets 
Feed  pumpa 
Fans 
Stokers 
Coal  bucket 

Air 

Main  units 

Boiler  furnaces 

Main  units 

Exciters 

Railway 

Circulating   pump 

Hotweli  pump 

Coal  crusher 

Coal  conveyor 

Fire 

Oil 

House  supply 

Feedwater 

Dry  vacuum 


Coal 

Boilers 

Feed  water 

Steam  and  Water 

Draft 

Damper 

Speed  Indicator 


6x4x6" 

10x6x12" 

No.  3 


Chicago  Pneumatic  Tool  Co. 
Babcock  &  Wilcox  Co. 
Babcock  &  Wilcox  Co. 
WestlnghouseElectric  and  Mfg. Co. 
WestlnghouseElectrlc  and  Mfg. Co. 
WestinghouseElectric  and  Mfg. Co. 
Alberger  Pump  and  Condenser  Co. 
Alberger  Pump  and  Condenser  Co. 


Dean  Bros.  Steam  Pump  Works 


Alberger  pump  &  Condenser  Co. 
.\lbcrger  Pump  &  Condenser  Co. 
.\lberger  Pump  &  Condenser  Co. 


Pratt  &  Cady  Co. 


down  the  exciter  imits,  except  that  the  exciter  numbers 
are  used  instead  of  the  turbine  numbers. 

Pipe  Color  Scheme 

iVnother  interesting  feature  is  the  pipe-color  scheme, 
all  pipes  used  for  the  same  kind  of  service  being  painted 
tlie  same  color.  All  high-pressure  steam  jiipes  are  white ; 
exhaust-steam  pipes,  buff;  fresh-water,  low-pressure, 
blue ;  fresh-water,  high-pressure  boiler  feed,  blue  with 
white  band ;  salt  water,  green ;  oil  delivery  and  discharge, 
brass  or  bronze  yellow;  air  lines,  gray;  fire  lines,  red; 
electric  lines,  black  and  rod  border  or  fittings 


The  Water-Glass  Method  of  Testing  Leakage 

In  an  appendix  to  its  report  submitted  at  the  last  meet- 
ing, the  Committee  on  Tests  of  the  American  Society  of 
Mechanical  Engineers  suggests  the  following  test  for  leak- 
age. It  is  so  simple  that  anyone  may  make  it,  and  it 
sometimes  leads  to  surprising  results. 

The  water  necessary  to  restore  the  water  level  to  it- 
height  when  the  test  was  started,  or  which  is  pumper",  a 
during  the  test  to  maintain  the  level  constant,  is  the 
amount  of  water  evaporated,  if  for  a  given  height  of  w;  or 
ill  the  glass  tiiere  is  the  same  amount  of  water  in  tnc' 
boiler  before  and  after  the  test.  This  may  not  bo  the 
case  if  the  rate  of  evaporation  is  differont,  and,  for 
the  same  amount  of  water  contained,  the  water  level  is 
raised  or  lowered  by  the  presence  in  the  water  of  more  or 
less  steam  bubbles.  Again  it  may  not  be  the  case  if  ther'- 
is  a  change  in  the  relative  density  of  the  confer ts  of  the 
boiler  and  the  water  column.  If  the  water  column  is 
allowed  to  stand  without  blowing  until  the  water  becomo-; 
cold,  its  contents  ■will  be  denser  and  it  will  take  a  shorter 
column  to  balance  the  hot  water  in  the  boiler  than  if  it 
were  at  a  higher  temperature.  For  the  same  height  of 
water  in  the  boiler  the  water  in  the  gage  glass  will  st;md 
higher  than  after  the  contents  of  the  column  become  cool. 
This  is  the  rea,«on  for  the  recommendation  that  the  water 
column  should  not  be  blown  down  during  a  water-gage 
test  nor  for  a  period  of  at  least  one  hour  before  it  begins. 

Of  the  water  evaporated  some  may  be: 


Lost  through  leakage. 

Condensed  in  the  steam  pipe. 

Drawn  off  for  use. 

If  it  is  desired  to  determine  one  of  these  quantities,  the 
others  must  be  eliminated  or  known.  If  it  is  wished  to 
know  how  much  is  lost  by  leakage,  for  example,  it  is  best 
to  eliminate  the  third  item  by  not  drawing  any  of  the 
steam  out  of  the  system  under  test.  The  difference 
between  the  amount  evaporated,  as  determined  by  the  dif- 
ference in  the  water  level  and  the  amount  condensed  in 
the  pipe,  is  the  leakage.  The  condensation  must  be  drawn 
off  and  weighed.  Of  course  it  must  be  allowed  to  cool  to 
below  2ia  deg.  before  it  is  exposed  to  the  atmosphere. 
The  appendix  referred  to  is  as  follows: 

To  determine  the  leakage  of  steam  and  water  from  a  boiler 
and  steam  pipes,  etc.,  the  water-glass  method  may  be  satis- 
faetorily  employed.  This  consists  of  shutting  off  all  the  feed 
valves  I  which  must  be  known  to  be  tight)  and  the  main 
feed  valve  thereby  stopping  absolutel>'  the  entrance  or  exit 
of  water  at  the  feed  pipes  to  the  boiler;  then  maintaining 
the  steam  pressure  (by  means  of  a  very  slow  Are)  at  a  fixed 
point,  which  is  approximately  that  of  the  working  pressure, 
-\nd  observing  the  rate  at  which  the  water  falls  in  the  gage 
glasses.  It  is  well,  in  this  test,  as  in  other  work  of  this 
character,  to  make  observations  every  ten  minutes,  and  to 
continue  them  for  such  length  of  time  that  the  differences 
between  successive  readings  attain  a  constant  rate.  In  many 
cases  the  conditions  will  have  become  constant  at  the  ex- 
piration of  fifteen  minutes  from  the  time  of  shutting  the 
valves  and  thereafter  the  fall  of  water  due  to  leakage  of 
steam  and  water  become  approximately  constant.  It  is  usually 
sufficient,  after  this  time,  to  continue  the  test  for  two  hours, 
thereby  obtaining  a  number  of  half-hourly  periods.  When 
this  test  is  finished,  the  quantity  of  leakage  is  ascertained 
by  calculating  the  volume  of  water  which  has  disappeared, 
using  the  area  of  the  water  level  and  the  depth  shown  on  the 
glass,  making  due  allowance  for  the  weight  of  1  cu.ft.  of 
water  at  the  observed  pressure.  The  water  columns  shouM 
not  be  blown  down  during  the  lime  a  water-glass  test  is 
going  on,  nor  for  a  period  of  at  least  one  hour  before  it 
begins. 

If  there  is  opportunity  for  condensation  to  occur  and 
collect  in  the  steam  pipe  during  the  leakage  test,  the  quan- 
tity should  be  determined  as  clo.sely  as  desirable,  and  properly 
allowed  for. 

The  Industrial  prominence  of  Pittsburgh  Is  seen  by  i'.:: 
fuel  consumption.  More  fuel  Is  consuined  In  Tlttsburgh  and 
Its  Immediate  vicinity,  and  more  coal  la  .shipped  to  and 
through  the  Pittsburgh  district,  than  In  any  other  district 
In  the  world,  according  to  Edward  W.  Parker,  of  the  tinlteti 
States  Geological  Survey.  With  a  population  of  about  one- 
ninth  of  that  of  Greater  New  York  the  consumption  of  coal 
alone  In  Pittsburgh  Is  nearly  equal  to  that  of  the  much 
larger  city.  Greater  New  York  consumed  In  1911  approxi- 
mately 19,000.000  short  ton.s  and  Pittsburgh  used  ab'.ut  16.500,- 
000  short  tons.  But  Pittsburgh  consumes  several  million  tons 
of  coke  and  considerable  quantities  of  natural  gas,  which 
added  to  the  coal  consumption,  gives  that  city  a  good  lead 
over  New  York  as  a  burner  of  fuel. — "Wood  (.raft," 
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Heat  Balance  in  Steam  Boilers 


By  LioNix  S.  Mauks 


SYNOPSIS— Obtaining  ihe  heat  balance  of  a  furmire 
and  boiler  is  a  process  of  accounting  for  all  the  heat  that 
would  have  been  generated  by  the  fuel  if  combustion  had 
been  perfect.  This  article  develops  a  comparativeUi 
simple  method  of  calculating  it  from  the  results  of  a 
complete  test. 

With  a  perfect  furnace  and  boiler  all  the  heat  of  perfect 
combustion  of  the  fuel  would  be  utilized  in  raising  the 
temperature  of  the  feed  ^vater  and  in  evaporating  it.  In 
the  best  actual  plants,  the  efficiency  is  from  75  to  80  per 
cent. ;  that  is,  from  75  to  80  per  cent,  of  the  heat  of  per- 
fect combustion  actually  goes  to  the  feed  water.  With  the 
average  plant,  about  60  per  cent,  of  the  heat  is  utilized, 
while  in  poor  plants  the  efficiency  is  still  lower.  When  the 
efficiency  of  the  plant  is  very  low  it  is  generally  possible 
to  ascertain  the  cause  of  its  poor  performance  by  inspec- 
tion. With  plants  of  higher  efficiency  it  is  not  so 
easy  and  it  becomes  necessary  to  have  recourse  to  flue- 
gas'  analyses  and  other  observations.  If  it  is  desired  to 
fiud  out  exactly  what  has  become  of  the  heat  which  should 
have  been  generated  by  the  fuel  and  have  gone  into  the 
feed  water;  that  is,  if  it  is  desired  to  obtain  the  "heat 
balance"  of  the  furnace  and  boiler,  a  complete  test  is 
necessary.  The  object  of  this  article  is  to  present  a  com- 
paratively simple  method  of  calculating  the  heat  balance 
of  a  boiler  from  the  results  of  such  a  test. 

A  boiler  test  which  aims  at  a  reasonable  degree  of  com- 
pleteness will  generally  include  the  following  among  the 
observations : 

The  weight  of  water  evaporated  ;  the  temperature  of  the 
feed  water,  and  the  pressure  and  quality  (or  superheat) 
of  the  steam. 

The  temperature,  pressure  and  humidity  of  the  air,  and 
the  temperature  and  composition  of  the  flue  gases.  The 
weight  of  coal  burned ;  its  proximate  analysis  and  heat  of 
combustion. 

The  weight  and  eompa<ition  (or  heat  of  comlnistion) 
of  the  refuse  in  the  ashpit. 

From  these  observations,  it  is  possible  to  determine  in 
detail  what  has  become  of  the  heat  of  combustion  of  the 
fuel.  It  has  generally  been  considered  necessary  to  add  to 
the  above  observations  the  ultimate  analysis  of  the  coal,  an 
analysis  which  must  be  carried  out  by  a  chemist  and 
which  is  tedious  and  expensive.  As  will  be  shown  later,  it 
is  generally  possible  to  obtain  the  heat  balance  with  an 
accuracy  which  is  within  the  attainable  degree  of 
accuracv  of  a  boiler  test  itself,  without  having  recourse 
to  the  ultimate  analysis. 

The  complete  heat  balance  of  a  furnace  and  boiler  takes 
into  account  five  principal  dispositions  of  the  heat  of  per- 
fect combustion  of  the  fuel.    They  are  as  follows: 

1.  The  heat  utilized  in  raising  the  temperature  of  the 
feed  water  and  in  evaporating  it. 

2.  The  heat  not  developed  as  a  result  of  incomplete 
combustion.     This  heat  divides  itself  into  three  parts: 

(a)  The  heat  of  combustion  of  the  carbon  and  otlier 
comibustible  matter  which  has  fallen  into  the  ashpit  and 
which  is  carried  awav  with  the  ashes. 


(b)  The  heat  of  combustion  of  any  CO  which  may  be 
going  up  the  chimney. 

(c)  The  heat  of  combustion  of  any  hydrocarbons 
which  may  be  escaping  unburned  with  the  chimney  gases. 

:>.  The  heat  being  lost  up  the  chimney  as  sensible  heat 
of  the  dry  chimney  gases. 

4.  The  heat  being  lost  up  the  chimney  in  water  vapor 
which  accompanies  the  dry  chimney  gases.  This  water 
vapor  comes  from  three  separate  sources : 

(a)  That  which  results  from  the  combustion  of  hy- 
drogen in  the  coal. 

(b)  That  which  comes  to  the  furnace  as  moisture  in 
the  coal. 

(c)  That  which  arrives  in  the  furnace  as  humidity  in 
the  air. 

5.  The  heat  lost  by  radiation  and  conduction,  or  heat 
wliich  is  otherwise  unaccounted  for. 

The  problem  of  determining  the  heat  balance  of  a  boiler 
resolves  itself  into  the  problem  of  finding  the  values  of  the 
quantities  1,  2,  3  and  4.  The  radiation  and  conduction 
must  be  determined  by  heat  balance ;  it  is  the  quantity  re- 
maining unaccounted  for  after  all  the  other  quantities 
have  been  determined. 

The  methods  of  determining  these  separate  (|uaiitities 
are  given  below : 

1.  Heat  given  to  the  feed  waier.  This  quantity  is 
readily  determined  from  a  knowledge  of  the  weight  of 
water  evaporated  per  pound  of  coal,  the  temperature  of 
the  feed  water,  and  the  pressure  and  quality  (or  super- 
heat) of  the  steam.  When  expressed  as  a  percentage  of 
the  total  heat  of  perfect  combustion  of  the  fuel  burned,  it 
measures  the  efficiency  of  the  boiler  plant.  Its  value  in 
ordinarj-  practice  varies  from  60  to  about  75  per  cent. 

2.  Heat  lost  by  incomplete  combustion.  The  object 
of  a  furnace  is  to  burn  the  coal  as  completely  as  possible 
with  the  smallest  possible  air  supply.  A  perfect  furnace 
would  lose  no  combustible  matter  through  the  grate  bars 
into  the  ashpit ;  would  convert  all  the  carbon  into  carbon 
dioxide;  would  give  off  no  unburned  hydrocarbons;  and 
would  have  no  air  of  dilution;  that  is.  would  send  no  un- 
used oxygen  up  the  chimney.  This  perfect  furnace  has 
not  yet  been  realized,  nor  is  it  likely  to  be  closely  approx- 
imated to  with  solid  fuels.  With  liquid  fuels,  however, 
the  losses  from  incomplete  combustion  and  from  the  ad- 
mission of  excess  air  can  be  reduced  to  a  very  small 
quantity. 

(a)  The  heat  lost  with  combustible  falling  into  the 
ashpit. 

To  determine  how  much  heat  of  combustion  is  lost  with 
the  refuse  in  the  ashpit,  it  is  necessary  to  know  the  weight 
of  the  refuse  and  its  composition,  or  its  heat  of  combus- 
tion. There  are,  in  general,  three  ways  of  determining 
these  quantities: 

(1)  An  inspection  of  the  heap  of  refuse  at  the  con- 
clusion of  the  te.st  may  indicate  to  a  trained  observer  the 
approximate  composition  of  the  refuse.  This  method  is 
not  satisfactory  by  itself.  The  refuse  is  generally  wet 
when  its  weight  is  determined  and  the  estimate  of  com- 
bustible must  be  preceded  by  an  estimate  of  the  amount 
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of  moisture.  In  those  cases  where  all  the  combustible 
matter  which  has  fallen  into  the  ashpit  is  well  coked,  il 
may  not  be  very  difficult  to  estimate  the  percentage  by 
weight  of  combustible  in  the  dry  refuse,  and  since  the 
combustible  in  that  case  will  be  carbon  it  is  possible  to 
obtain  the  heat  that  would  be  developed  by  the  combustion 
of  the  refuse. 

A  number  of  modern  furnaces  separate  the  green  coal 
which  sifts  through  the  grates  from  the  coked  fuel  which 
falls  through  with  the  ash,  and  in  such  furnaces  an  esti- 
mate of  the  combustible  in  the  refuse  may  be  possible.  In 
those  cases  where  the  sittings  of  green  coal  and  of  coked 
fuels  fall  into  the  same  place  and  are  mingled  together, 
such  an  estimate  becomes  too  uncertain. 

(2)  The  amount  of  combustible  in  the  refuse  can  also 
be  obtained  from  the  total  weight  of  coal  that  has  been 
burned  and  the  percentage  of  ash  which  the  pro.xiraate 
analysis  of  the  coal  shows  it  to  contain.  From  these  quan- 
tities, it  is  easy  to  calculate  the  total  true  ash,  and  if 
this  is  subtracted  from  the  dry  refuse  in  the  ashpit,  we 
get  the  total  combustible  matter,  but  we  do  not  get  any 
light  at  all  on  the  composition  of  this  combustible  matter. 


depends  entirely  upon  the  accuracy  with  which  the  sample 
burned  represents  the  average  heat  of  .combustion  of  the 
refuse  pile 

The  heat  of  combustion  of  the  fuel  in  the  refuse  is 
schhim  more  than  3  to  5  per  cent,  of  the  heat  of  combus- 
ticiu  of  I  he  fuel  fired  in  well  operated  plants.  In  view  of 
the  fact  that  it  is  not  possible  in  a  boiler  test  to  obtain 
an  accuracy  greater  than  1  per  cent.,  and  generally  not 
greater  than  3  per  cent.,  it  is  not  important  that  the  heat 
of  combustion  of  the  fuel  in  the  refuse  should  be  deter- 
mined with  very  great  accuracy.  If  an  error  of  10  per  cent. 
is  made  in  the  estimate,  either  of  the  amount  of  combus- 
tible in  the  refuse  or  in  its  heat  of  combustion,  it  will 
make  an  error  which  generally  would  not  be  more  than 
xV  of  1  per  cent,  in  the  heat  balance  of  the  boiler.  In 
determining  the  heat  balance  of  a  boiler,  the  ma.ximum 
error  is  likely  to  occur  in  this  item. 

2  [h).  The  heat  lost  by  the  combustion  of  some  of 
the  carbon  to  CO  instead  of  to  CO,,  is  readily  determin- 
able from  the  flue-gas  analysis.  Each  pound  of  carbon 
burned  to  COo  gives  up  14,500  B.t.u.  Each  pound  of  car- 
bon burned   to  CO  gives  up  only  4450  B.t.u.    Consequent- 
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Fii:.  I.   CiiAur  Foil  I)KTi:iaiixixfi  the  Amoi'nt  of  Hkat  Escai'ino  with  thk  ('him,xi;y  (ia.sks 


The  use  of  the  second  method  to  check  Ihc  (irst  method, 
has  been  found  by  the  writer  to  work  sfltisfactorily  in 
those  cases  in  which  the  refuse  contains  only  coked  fuel. 
In  other  cases,  resort  must  be  had  to  the  next  methdd. 

(3)  The  heat  of  combustion  of  the  refuse  may  lie  de- 
trrmiiicfl  by  the  actual  coiid)uslion  of  a  fair  sample  of  the 
rchise.  'I'his  method  does  not  give  entirely  satisfactory 
results  in  consequence  of  the  great  di(ficul(y  of  getting  a 
fair  sample.  The  refuse  generallv  contains  large  clinkers 
and  it  is  often  impracticable  to  break  up  all  the  clinkers 
in  order  to  get  a  fairlv  homo"-eneous  ])ile  from  which  to 
("Lrin   ti)  select  a  sami)'".     The  accuracv  of  Ibis   nu'thod 


ly.  fill-  each  pound  of  carbon  i)urned  to  CO  there  is  a  loss 
rif  10,050  B.t.u.  If  there  is  any  CO  present  its  amount 
will  he  determined  by  the  flue-gas  analysis.  The  weight  of 
carbiin  in  a  cul)ic  foot  of  ('()._,  is  the  same  as  the  weight  of 
ciirbon  in  a  cubic  foot  of  CO  at  the  same  pressure  and 
temperature,  (^nsequently,  the  weight  of  carbon  burne<I 
to  CO  has  the  same  ratio  to  the  weight  burned  to  C0„  as 
the  volumes  of  the  two  gases.  Tf  .r  =  the  percentage  of 
(he  total  carbon  burned  to  CO.,,  and  //  the  i)ereentage 
burned  to  CO,  then  x  -\-  //  is  tlic  total  cariion  burned  and 

_JI_ 
X  -i-  y 
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IS  the  fraction  burned  to  carbon  monoxide.     Consequent!}-. 


10,050  X 


.'/ 


x  +  1/ 

is  the  heat  of  combustion  lost  through  the  burning  of  car- 
bon to  carbon  monoxide  per  pound  of  carbon  going  up  the 
chimney.  This  can  be  expre.ssed  in  B.t.u.  per  pound  of 
coal  fired  when  the  analysis  of  the  coal,  and  the  percent- 
age of  the  total  carbon  falling  through  into  the  ashpit  are 
known. 

With  good  operation  of  the  furnace  there  should  not  be 
more  than  a  trace  of  CO  except  in  those  cases  where  the 
furnace  is  being  forced  very  much  beyond  its  proper  ca- 
pacity. If  the  CO  present  exceeds  1  or  2  per  cent.,  it  nia\ 
safely  be  inferred  that  the  incomplete  combustion  which 
this  indicates  extends  also  to  the  hydrocarbons. 

2  (c)  Heat  lost  with  hydrocarbons  escaping  unburned 
up  the  chimney. 

Whenever  visible  smoke  escapes  from  a  chimney  it  is 
probable  that  some  hydrocarbons  are  escaping  unburned. 
The  denser  the  smoke,  other  things  being  equal,  the 
greater  is  the  probability  of  the  loss  of  unburned  hydro- 
carbons.   The  ordinary  flue-gas  analysis  does  not  give  any 
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Fig.  2.    Chart  for  Determinixg  Htdrogex  froji 

THE    PeRCEXT.VGE   OF    VOLATILE    MATTER 

definite  indication  of  the  presence  of  these  gases.  Under 
normal  conditions  of  operation  of  steam  plants,  with  not 
more  than  a  trace  of  CO  and  with  little  or  no  visible 
smoke,  one  may  feel  pretty  sure  that  there  is  no  apprecia- 
ble loss  of  hydrocarbons  up  the  chimney.  In  other  cases, 
there  may  be  such  a  loss,  but  there  is  no  available  means 
of  determining  its  amount.  Special  tests  and  also  the 
heat  balances  of  many  boilers  indicate  that  this  loss  is 
normally  quite  negligible. 

3.  Heat  lost  with  the  dry  chimney  gases.  The  gases 
escaping  up  the  chimney  are  carbon-dioxide,  oxygen,  car- 
bon-monoxide and  nitrogen.  These  are  usually  collected 
over  water  and  measured  over  water  They  are,  conse- 
quently, saturated  with  water  vapor  and  their  analysis 
shows  nothing  at  all  about  the  content  of  water  vapor  of 
the  erases  as  they  are  goinar  up  the  chimney.  The  heat 
carried  away  by  these  gases  is  the  heait  that  would  be  given 
up  by  cooling  the  dry  gases  from  the  chimney  tempera- 
ture to  the  temperature  of  the  air  in  the  boiler  room.    The 


amount  of  this  heat  for  each  of  the  constituents  is  equal  to 

U-(\(Tr—Ta) 

where 

ir=  Weight  of  each  of  these  constituents  per  pound  of 

carbon  going  up  the  chimney; 
Cp  =  Mean  specific  heat  at  constant  presstire  from  the 
boiler-room  temperature  up  to  the  temperature  of 
the  chimney; 
Tc  =  Temperature  of  the  chimney ; 
2^0  =  Temperature  of  the  entering  air. 
The  specific  heat  of  the  gases  going  up  the  chimney  varies 
with  the  temperature,  and,  according  to  the  best  authori- 
ties, the  mean  specific  heat  from  32  deg.  to  any  tempera- 
ture t  deg.,  is  as  follows : 
For 


I 


Oxygen 
Nitrogen 
Carbon  monoxide 
Carbon  dioxide 


Op    =  0.2125  +  0.00001     ((  -  32) 

=  0.243      +  0.000012  (J  -  32) 

=  0.243      +  0.000012  ((  -  32) 

=  0  201      +  0  00041      ((  -  32) 

-  0  000000053  ((  -  32) » 


To  facilitate  the  calculation  of  the  total  heat  escaping 
up  the  chimney,  the  chart.  Fig.  1,  has  been  prepared.  In 
this  chart  the  horizontal  scale  gives  the  temperature  of 
the  gas;  the  vertical  scale  gives  the  sensible  heat  being 
carried  away  by  the  gases  in  B.t.u.  per  pound  of  carbon 
going  up  the  chimney.  The  lines  are  labeled  according  to 
the  percentage  of  CO^  which  analysis  shows  to  be  present. 
These  curves  are  calculated  on  the  assumption  that  the 
gas  contains  (in  addition  to  the  percentage  of  carbon  di- 
oxide marked  on  the  curves)  80  per  cent,  of  nitrogen, 
and  that  the  rest  of  the  gas  is  oxygen.  In  those  cases 
where  some  CO  is  present,  the  correction  is  quite  neg- 
ligible if  the  CO  is  reckoned  as  CO,.  For  example,  with 
15  per  cent,  of  CO,  and  2  per  cent,  of  CO,  and  with  a 
chimney  temperature  of  ()32  deg.  F.,  the  heat  of  the  gases 
is  2183  B.t.u.  If  it  is  assumed,  for  the  purposes  of  this 
calculation,  that  the  CO  acts  as  COj,  we  have  17  per  cent, 
of  CO,,  the  sensible  heat  of  which  is  2200  B.t.u.;  the 
difference  is  only  17  B.t.u.  In  using  Fig.  1  the  heat  con- 
tained in  the  gases  at  boiler-room  temperature  must  be 
subtracted  from  the  heat  at  chimney  temperature  in  order 
to  find  the  heat  carried  away  by  the  dry  gases. 

The  amount  of  heat  escaping  with  the  dry  gases  up  the 
chimney  can  readily  be  expressed,  as  a  percentage  of  the 
total  heat  of  perfect  combustion  when  the  relation  of  the 
carbon  escaping  up  the  chimney  to  the  weight  of  fuel  has 
been  determined  from  the  proximate  analysis  of  the  fuel, 
and  the  correction  has  been  made  for  the  carbon  falling 
through  into  the  ashpit. 

4.  The  heat  escaping  up  the  chimney  with  the  water 
vapor  is  equal  to  the  total  heat  of  this  vapor  minus  the 
heat  which  it  has  when  at  the  temperature  of  the  room. 
It  is  necessary,  however,  to  decide  whether  the  vapor  must 
be  considered  in- the  vapor  or  the  liquid  form  at  this  lower 
temperature.  This  question  is  decided  separately  under 
each  of  the  follo\ving  headings: 

fa)  The  moisture  resulting  from  the  combustion  of 
hydrogen  in  the  coal. 

To  determine  the  amount  of  this  water  vapor,  it  is 
necessary  to  know  how  much  hydrogen  is  present  in  the 
dry  coal.  The  usual  way  of  determining  this  quantity  has 
been  to  make  the  so  called  ultimate  analysis  of  the  coal, 
which  determines  not  only  the  hydrogen  but  also  the  total 
carbon,  oxygen,  nitrogen  and  .«ulphur.    As  already  pointed 
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out,  this  determination  is  tedious  and  expensive.  It  is 
possible  to  determine  the  hydrogen  from  the  proximate 
analysis  with  a  degree  of  accuracy  which  is  sufficient  for 
all  ordinary  purposes.  As  was  pointed  out  by  the  writer 
in  an  article  in  Power,  Vol.  39,  page  928,  December, 
1908,  there  is  a  definite  relation  between  the  hydrogen 
content  of  the  combustible  matter  of  American  coals,  and 
the  total  amount  of  the  volatile  matter  expressed  as  a  per- 
centage of  the  total  combustible  of  the  coal.  This  rela- 
tionship is  shown  on  the  accompanying  curve.  Fig.  2. 

Professor  Diederichs  has  deduced  an  equation  for  this 
curve  of  the  form 

where 

II  =  Percentage    weight    of    hydrogen    in    the    com- 
bustible; 

V  =  Percentage  weight  of  volatile  matter  in  the  com- 
bustible. 

By  the  use  of  either  the  curve  or  the  equation,  it  is 
possible  to  determine  the  hydrogen  content  of  a  coal  with 
an  accuracy  of  about  j-y  of  1  per  cent. 

The  carbon  in  the  volatile  matter  of  the  coal  is  deter- 
minable with  less  accuracy  by  the  curve  shown  in  Fig.  3. 
The  error  in  this  case  may  be  as  much  as  2  per  cent,  for 
the  more  common  fuels ;  while  for  lignites  and  other  spe- 
cial fuels,  it  may  be  even  greater.  The  total  carbon  in  coal 
is  the  sum  of  the  fixed  carbon  and  of  the  carbon  in  the 
volatile  matter.  If  this  latter  is  determined  by  the  use 
of  Fig.  3,  the  total  carbon  per  pound  of  coal  can  be  readily 
determined. 

Assuming  that  it  is  sufficiently  accurate  to  take  the  hy- 
drogen and  carbon  content  of  the  volatile  combustible 
matter  of  a  coal  from  the  two  curves  given,  it  becomes 
possible  to  get  the  practical  equivalent  of  that  part  of  the 
ultimate  analysis  of  the  coal  which  is  required  for  the 
calculation  of  a  heat  balance. 

When  hydrogen  burns  to  HoO,  its  weight  increases 
ninefold;  consequently,  the  weight  of  water  vapor  result- 
ing from  the  combustion  of  hydrogen  is  immediately  de- 
terminable. The  heat  carried  up  the  chimney  by  this 
moisture  is  given  bv  the  equation 

'  Q  =  w{H  —  h) 
where 

w  =  Weight   of   the   II. 0    formed   per   pound   of   coal 
burned  : 

/?:=:  Total  heat  per  pound  of  steam  at  chimney  tem- 
perature ; 

/(  ^  Heat  of  one  pound  of  water  at  boiler-room  tem- 
perature. 
The  total  heat  77  of  water  vapor  at  ordinary  chimney 
temperatures  and  at  the  pressures  commonly  occuring  in 
the  chimney,  is  practically  independent  of  the  pressure, 
and  is  given  in  Fig.  4.  The  heat  of  one  pound  of  water  h 
at  the  temperature  of  the  boiler-room  may  be  taken  as  the 
boiler-room  temperature  minus  32. 

fb)      ^foisture  in  the  coal. 

The  proximate  analysis  of  the  coal  <rives  the  total  weight 
of  moisture  content  in  the  coal.  The  heat  which  it  carries 
up  the  chimney  is  calculated  as  in  the  previous  paragraph. 

((■)     'M'nisture  entering  with  the  air. 

.\ir  under  ordinary  atmospheric  conditions,  contains 
some  water  vapor.     The  weight  of  this  vapor  cannot  ex- 


ceed the  weight  of  an  equal  volume  of  dry  and  saturated 
steam  at  the  same  temperature.  The  accompanying 
curves.  Fig.  5,  show  approximately  the  ratio  of  the  heat 
carried  up  the  chimney  by  the  dry  chimney  gases  to  the 
heat  being  carried  away  by  the  water  vapor  which  en- 
tered with  the  air.  As  this  latter  quantity  is  always  a 
small  fraction  of  the  heat  of  the  dry  chimney  gases,  it  is 
not  necessary  to  calculate  its  amount  exactly.  The  curves 
have  been  calculated  on  the  assumptions  that  the  specific 
heat  of  water  vapor  is  twice  that  of  the  chimney  gases, 
and  that  the  chimney  gases  have  the  physical  properties 
of  air.  By  reference  to  the  curves,  it  will  be  seen  that 
with  air  at  80  deg.  F.  and  humidity  80  per  cent.,  the  heat 
being  carried  up  the  chimney  with  the  moisture  which  en- 
tered with  the  air,  is  V'34  or  3  per  cent,  of  the  heat  of  the 
dry  chimney  gases.  The  chimney  gases  seldom  carry  off 
more  than  15  per  cent,  of  the  heat  of  perfect  combustion 
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Fig.  3.    Chart  for  Deteujiixixg  the  Carbon  ix  the 
Volatile  Matter 

of  the  coal.     Assuming  this  amount,  the  total  heat  in  the 
water  vapor  under  the  suggested  conditions  is 

V34  X  15  =  0.5  [ter  rent. 
approximately  of  the  heat  of  perfect  combustion  of  the 
coal.    This  quantity  is  .seldom  exceeded.    The  loss  is  com- 
monly not  more  than  0.2  to  0.3  per  cent. 

5.  Any  heat  not  accounted  for  under  the  preceding 
headings  is  assumed  to  be  lost  by  radiation  and  conduc- 
tion. This  unaccounted  for  quantity  is  seldom  less  than 
2  per  cent,  of  the  heat  of  perfect  combustion  and  may  be 
as  much  as  4  or  5  per  cent.  Any  test  in  which  this  quan- 
tity falls  outside  the  limits  of  2  and  5  per  cent,  should  be 
looked  upon  with  suspicion  until  .some  explanation  has 
been  found.  The  writer  ha.s  come  across  a  number  of  tests 
showing  high  efficiencies  in  which  this  unaccounted  for 
quantity  has  a  negative  value.  Such  tests  must  be  re- 
jected as  worthless. 


4o 


r  C)  ^^■  ]■:  e 


Vol.  37,  No.  2 


As  an  example  of  the  determination  of  the  heat  bahmce 
of  a  boiler  plant,  we  may  assume  the  following  data  from 
a  boiler  test : 

Weight  of  feed  water  evaporated  per  pound  of  coal  fired .         9  lb. 

Temperature  of  the  feed  water 'J>J  deg.  F. 

Pressure  ol  the  steam,  absolute 11)0  lb.  per  sq  m. 

Superheat  of  the  steam  .  .  .  .  ; ,'*/"^«  JT 

Temperature  of  the  a:r  entering  the  boiler  room 70  deg.  t. 

Humidity  of  the  air  entering  the  boiler  room 60  per  ceiU. 

T^  mperature  of  tlie  flue  gases 550  deg,  F. 

CO,  in  the  flue  gases  by  volume 13  per  cent. 

CO  in  the  flue  gases  by  volume 1  per  cent. 

Heat  of  combustion  of  the  coal  as  fired 14,000  B.t.u. 

Proximate  analysis  of  the  coal: 

Moisture ■'?«'■  <:«"*■■ 

Vo.atile  matter 25  per  cent 

Fi\ed  carbon 62  per  cent. 

;^sh  S  per  cent. 

Suiphur 1  per  cent. 

Weight  of  refuse  in  the  ashpit  per  pound  of  coal  fired 0. 131  lb. 

Estimated  moisture  in  the  refuse  by  weight 20  per  cent. 

Estimated  carbon  in  tne  dry  refuse  by  we  ght 30  per  cent. 

The  proximate  analysis  of  the  coal  shows  it  to  contain 
13  per  cent,  of  noncombustible  matter  (moisture  and 
ash),  and  88  per  cent,  of  combustible.  The  percentage 
composition  of  the  combustible  matter  is,  consequently : 

Volatile  matter  25  X  Vf  =  28.3  per  cent. 

Fixed  carbon      62  X  V/  =  '^O-^  per  cent. 

Sulphur  1  X  Vr  =     1-1  per  cent. 

1400 


9   X    1172  =  10,548  B.t.u. 

The  efficiency  of  the  boiler  is 

ll»,548       ^.  ..  , 

—-. — ^  =   "0.3  uer  cent. 

l4,no(.»  -' 

2a.  The  refuse  iu  the  ashpit  is  0.131  lb.  per  lb.  of  coal 
fired.  An  estimate  of  20  per  cent,  of  moisture  gives  O.lo.j 
lb.  of  dry  refuse,  and  the  further  estimate  of  30  per  cent, 
of  carbon  in  the  dry  refuse  gives  0.031  lb.  of  carbon,  and 
0.074  lb.  of  ash  per  lb.  of  coal  fired. 

The  proximate  analysis  of  the  coal  shows  that  the  ash 
should  be  0.08  lb.  This  is  a  fairly  good  check.  Assuming 
that  the  amount  of  ash  given  by  the  proximate  analysis  is 
correct,  we  find  0.105  —  0.08  =  0.025  lb.  of  carbon  fall- 
ing unburned  through  the  grate  bars  per  pound  of  coal 
fired.  The  heat  lost  by  this  incomplete  combustion  is 
0.025  X  14,500  =  C62  B.t.u.,  or 

3'12  ,    . 

-— — —  =  2.1 1  per  cent. 

of  the  heat  of  perfect  combustion  of  the  coal. 
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With  a  coal  whose  combustible  matter  has  the  above 
composition  we  see  from  Figs.  2  and  3  that  the  volatile 
hydrogen  is  5.1  per  cent.,  and  the  volatile  carbon  is  14.5 
per  cent,  of  the  combustible  matter. 

The  total  carbon  is  14.5  +  70.5  =  85  per  cent,  of  the 
combustible,  or 

85  X  rrir  =  "d.^  per  cent. 
of  the  coal  is  fired. 

From  the  above  data  we  determine  the  heat  balance  as 
follows : 

1.  The  heat  given  to  one  pound  of  water  is  found  from 
the  steam  tables  to  be 

1230  —  58  =  1172  B.t.u. 
Consequently  the  heat  absorbed  by  the  feed  water  per 
pound  of  coal  fired  is 


2b.  The  flue  gases  contain  13  per  cent,  of  C0„  and  1 
per  cent,  of  CO.  The  carbon  going  up  the  chimney  as 
CO  is,  consequently,  Vn  of  the  total  carbon  going  up  the 
chimney. 

The  total  carbon  contained  in  one  pound  of  coal  is  0.748 
lb.  and  of  this  0.025  lb.  falls  into  the  ashpit.  The  carbon 
going  up  the  chimney  is,  consequently,  0.748  —  0.025  = 
0.723  lb.  per  lb.  of  coal  fired. 

The   carbon    burned   to    CO   is    then    Vi4  X  0-''23  = 

0.0516  lb.,  and  the  heat  lost  thereby  is  0.0516  X  10,050= 

519  B.t.u.,  or, 

510 

=  3.7  per  cent. 

14,UUU  '' 

of  the  heat  of  perfect  combustion  of  the  coal. 

3.     The  heat  lost  with  the  dry  chimney  gases  is  ob- 
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tained  from  Fig.  1.  With  li  per  cent,  of  CO2  and  CO  at 
550  deg.  F.  the  sensible  heat  of  the  dry  gases  is  2280 
B.t.ii.  per  lb.  of  earbou  going  up  the  chimney.  This  is 
measured  above  32  deg.  F.  The  heat  of  the  gases  at  ?0 
deg.  F.  (the  boiler  room  temperature)  is  seen  from  the 
same  figure  to  be  160  B.t.u.  Consequently  the  loss  up  the 
chimney  is  2280  —  160  =  2120  B.t.u.  This  corresponds 
to  212M  X  ^■'''^3  =  153.3  B.t.u.,  per  pound  of  coal  fired, 


5.  The  heat  lost  by  radiation  and  conduction,  or  other- 
wise unaccounted  for,  is  obtained  by  balance.  The  dis- 
position of  the  heat  is  seen  to  be  as  follows: 


Heat  givn  to  the  feed  water 

Loss  by  unburned  carbon  in  ashpit . 

Loss  by  CU  up  the  chimney 

Loss  with  dry  chimney  gases 

Loss  with  moisture  from  hydrogen  i 
Loss  with  moisture  in  the  coal,  .  .  . 

Loss  with  mo  sture  in  the  air 

Radiation,  conduction,  etc 


1533 
14,0UU 


=  llJ)  j)er  rrnf. 


of  the  heat  of  perfect  combustion  of  the  coal. 

4a.  The  moi.sture  resulting  from  the  combustion  of 
the  hydrogen  in  the  coal  is  !J  X  0.051  lb.  per  lb.  of  com- 
bustible, or  9  X  0-051  X  'Vino  =  0.404  lb.  pur  lb.  of  coal 


100.0  per  cent. 


As  was  pointed  out  earlier,  the  use  of  the  curve  in  Fig. 
3  for  determining  the  carbon  in  the  volatile  matter  of  a 
coal,  may  give  results  which  are  in  error  by  2  per  cent,  or 
more.  To  ascertain  the  influence  of  such  an  error  on  the 
heal  balance  the  preceding  calculations  have  been  re- 
peated, taking  the  volatile  carbon  as   16.5   per  cent,  in- 
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fired.     The  heat  which  it  carries  with  it  is  seen  by  refer- 
ence to  Fig.  4,  to  be  0.404  (1310  —  58)  =  505.8  B.t.u., 


505.8 


3.<)  j)fr  mil . 


14,000 
of  the  heat  of  perfect  combustion  cf  the  coal. 

4b.  The  moisture  in  the  coal  is  0.04  lb.  per  lb.  of  coal. 
The  heat  which  it  takes  up  the  chimney  is  0.04  (1310  — 
58)  =50.1  B.t.u.,  or,  0.4  per  cent.,  approximately,  of  tiie 
heat  of  perfect  coministion  of  the  coal. 

4c.  With  air  at  70  deg.  F.,  and  humidity  CO  per  cent., 
the  vapor  entering  with  the  air  is  seen  from  Fig.  5  to 
carry  «f)  the  chimney  Vn-.-  'jf  the  heat  of  the  dry  chimney 
gases.  This  heat  has  been  seen  to  be  11  per  cent,  of  the 
heat  of  perfect  combustion  of  the  coal.  The  loss  due  to 
the  moisture  in  the  air  is  con.«equently 

=  0.2  per  cent. 


62 


appro.ximately. 


stead  of  14.5  per  cent,  shown  by  the  curve.  The  only 
changes  which  this  produces  is  to  increase  item  2  (b)  by 
0.1  per  cent.,  item  3  by  0.3  per  cent.,  and  consequently  to 
reduce  item  5  by  0.4  per  cent.  These  changes  are  un- 
important and  justify  the  use  of  Fig.  3. 

Double  Acting  Hacksaw  Blade 

A  new  design  of  hacksaw  blade  is  being  ])laced  on  the 
market  Ivy  Alexander  Rcitlinger,  201  William  St.,  Xew 
York  City.  It  differs  from  other  saw  blades  in  that  each 
set  of  four  teeth  pitch  in  opposite  directions  with  a 
straight  tooth  between  each  set  of  slanting  teeth.  Claims 
made  by  the  manufacturer  for  these  saws  are  that  they 
will  cut  faster  and  cleaner  than  when  made  with  the 
teeth  all  in  one  direction,  and  that  they  will  cut  iron  pi))c 
without  breaking  the  teeth.  When  used  in  a  power-driven 
frame  the  blade  must  be  used  in  one  which  does  not  lift 
on  the  back  stroke,  in  order  that  it  may  cut  on  both 
f.troke.«. 
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The  vStorage  Battery — I 
By  John  A.  Kandolph 

There  are  several  methods  by  which  electrical  energy 
can  be  generated  for  practical  use,  the  principal  ones  of 
which  are:  the  electrostatic,  the  electrodynamic  and  the 
electrochemical.  The  first  finds  its  chief  use  in  the 
laboratory  while  the  latter  two  are  nniversally  employed 
for  commercial  purposes.  The  electrochemical  method 
is  confined  to  the  battery,  the  energy  being  produced  by 
the  action  of  a  chemical  compound  upon  two  plates  or 
electrodes,  one  or  both  of  which  is  made  of  metal. 

There  are  two  kinds  of  battery,  the  primary  type  and 
the  storage  or  accumulator  class.  Under  the  first  clas- 
sification belong  all  batteries  designed  either  to  be  re- 
plenished after  discharge  by  the  addition  of  fresh  plates, 
mixtures  or  solutions  or  to  be  completely  replaced  by  a 
new  outfit.  This  type  is  used  on  circuits  employing 
small  intermittent  currents.  The  batteries  of  the  storage 
class  are  so  composed  that  upon  discharge  they  can  be 
readily  replenished  electrolytically.  In  other  words,  they 
are  recharged  as  the  resultant  effect  of  a  current  passed 
through  them  in  a  direction  opposite  to  that  of  discharge. 
Tlie  storage  battery  is  always  used  where  it  can  be  quickly 
and  conveniently  connected  for  recharging  to  another 
source.  The  primary  type  is  used  on  circuits  which 
would  not  justify  the  more  expensive  installation  of  a 
battery  of  the  other  class. 

The  storage  battery  is  composed  of  three  fundamental 
working  elements,  namely:  the  positive  plate,  the  negative 
plate  and  the  electrolyte.  There  are  several  processes 
used  in  the  manufacture  of  the  plates,  but  the  one  most 
generally  employed  consists  in  making  the  positive 
elements  of  lead  peroxide  (PbOo)  and  the  negative  of 
sponge  lead  (Pb).  The  electrolyte  consists  of  sulphuric 
acid  {H2SO4)  diluted  with  water  (HoO).  The  active 
materials  are  held  in  their  respective  positions  by  lead 
grids. 

There  are  various  theories  in  regard  to  the  chemical  re- 
actions which  take  place  in  a  storage  cell,  but  the  one 
most  generally  accepted  is  that  the  passage  of  the  cur- 
rent upon  discharge  causes  the  acid  to  react  upon  the 
active  materials  of  the  plates  forming  in  their  places 
lead  sulphate  (PbS04)  the  reaction  being  accompanied 
by  a  reduction  of  part  of  the  acid  and  the  formation  of 
water  in  its  place.  This  is  the  cause  of  the  decrease  in 
the  density  of  the  electrolyte  observed  upon  discharge. 
The  chemical  formula  expressing  the  reaction  at  the 
positive  plate  upon  discharge  is 

Lead  Sulphuric         Lead         Water         Oxygen 

Peroxide  Acid         Sulphate 

PbO,     +      H.SO,  =  PbSO,  -\-  H,,0       +       0 
.  That  of  the  negative  plate  is 

Sponge  Sulphuric  Lead  Hydrogen 

Lead  Acid  Sulphate 

PI)  4-        ILSO,      =      PI, SO,         +         H., 


Combining  these  two  equations,  we  have 

PbO,  -f  Pb  +  2  H,SO,  =  2  PbSO,  +  3  IL.O 
The  latter  equation  is  known  as  the  fundamental  ei|uat;on 
of  the  storage  battery. 

It  is  evident,  from  the  foregoing  analysis,  that  if  the 
discharge  were  continued  indefinitely,  the  active  materials 
of  the  plates  would  practically  all  be  changed  to  lead 
sulphate.  This  would  ruin  the  battery  because  of  the 
chemical  nature  of  the  sulphate.  This  compound  offers 
a  \ery  high  resistance  to  the  electric  current  and,  when 
not  mixed  with  another  substance  of  a  conducting  nature, 
it  is  extremely  difficult  to  decompose  it  electrolytically.   It 
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would,  therefore,  be  impossible  to  recharge  the  battery 
if  the  sulphating  were  continued  too  long.  If  the  dis- 
charge is  stopped  while  other  materials  remain  mixed 
with  the  sulphate  in  sufficient  quantities  to  insure  a 
ready  passage  of  the  charging  current,  the  sulphate  can 
be  easily  broken  up  and  the  battery  recharged  without 
difficulty. 

Upon  charging,  the  current  is  passed  through  the  bat- 
tery in  the  direction  opposite  to  that  of  discharge,  with 
the  result  that  the  reactions  expressed  in  the  foresoins 
equations  are  reversed.  The  lead  sulphate  is  reduced, 
the  active  materials — lead  peroxide  and  sponge  lead — 
are  restored  to  their  respective  plates  and  the  acid  taken 
from  the  electrolvte  on  discharge  returns  to  it,  the  water 
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prenously  formed  disappearing.  Tliis  replenishment  of 
the  electrolyte  causes  the  rise  in  density  observed  upon 
charnfing  If  the  equations  of  discharge  are  read  from 
right  to  left,  they  will  express  in  each  case  the  reaction 
upon  charging.  The  combined  or  fundamental  equation 
•will  now  read 

2PbS04  +  SHoO  =  PbOo  +  Pb  +  3H2SO4 

Capacitt 
The  capacity  of  a  battery  is  rated  according  to  the 
current  it  can  deliver  for  a  given  duration  of  time.  It 
is  expressed  in  ampere-hours  and  is,  therefore,  the  pro- 
duet  of  the  rate  of  current  flow,  or  amperage,  and  the 
time  in  hours  during  which  this  flow  is  maintained.  For 
instance,  an  SOOO-ampere-hour  battery  is  one  which  can 
deliver  a  current  of  1000  amperes  for  eight  hours  or 
a  current  of  2000  amperes  for  four  hours.  The  rate  of 
current  flow  depends  upon  the  combined  area  of  the  posi- 
tive plates  exposed  to  the  electrolyte,  the  area  of  each 
]i!ate  being  considered  as  the  sum  of  the  areas  of  its  two 
sides.  The  capacity,  on  the  other  hand,  is  dependent 
not  only  upon  the  size  and  construction  of  the  plates, 
but  upon  the  quantity,  quality  and  density  of  the  elec- 
troMe  and  the  nature  of  the  active  materials  employed. 
To  secure  the  most  economical  results,  the  active  ma- 
terial should  be  so  disposed  as  to  allow  the  ready  cir- 
culation of  the  acid  through  all  its  parts.  For  this  rea- 
son, it  should  be  porous  and  offer  a  short  path  for  the 
electrolyte  from  one  side  of  the  plate  to  the  other.  The 
holding  grids  should  be  so  constructed  that  they  will 
make  good  electrical  contact  at  all  times  with  the  active 
material.  With  the  formation  of  sulphate  at  discharge, 
the  active  material  expands,  while  upon  charging,  it  con- 
tracts to  its  former  size.  The  grid  should  be  able  to  adapt 
itself  to  these  changes.  If  it  does  not,  the  active  ma- 
terial, as  it  alternately  increases  and  decreases  in  volume, 
will  be  loosened  from  the  grid,  causing  poor  electrical 
contact  and  a  gradual  breaking  apart  of  the  paste,  which 
will  cause  the  latter  to  fall  to  the  bottom  of  the  cell 
and  become  useless.  Moveover,  unless  the  grid  is  de- 
signed for  proper  adjustment  to  the  changes  in  the  paste, 
there  will  be  a  tendency  for  the  grid  to  warp  or  buckle 
which  will  further  enhance  the  efficiency  and  life  of  the 
battery. 

Voltage 
When  the  battery  is  first  placed  on  charge,  the  voltage 
will  rise  rapidly  for  a  short  time  and  then  a-ssume  a 
slower  and  more  gradual  increase  for  the  remainder  of 
the  period  except  near  the  end,  when  it  will  again  rise 
rapidly  to  a  maximum.  Tliis  action  will  be  reversed  in 
a  similar  manner  upon  dispharge.  These  conditions, 
however,  are  dependent  upon  the  disposition  of  the  active 
materials,  the  temperature  and  the  density  of  the  elec- 
frolvte.  TTnless  the  paste  is  so  arranged  that  the  acia 
can  perenlatc  through  it  freely,  the  reactions  will  be 
retarded,  causing  a  corresponding  variation  of  voltage 
upon  discharge  and  hindering  the  normal  rise  upon 
charge.  Moreover,  the  activity  of  the  electrolyte  depends 
iH'on  its  density  and  is  also  afEected  to  a  certain  ex- 
ti'iit  by  the  temperature. 

CONSTRI'CTION   AND   INSTALLATION 

.As  usually  constructed,  the  plates  are  so  spaced  that 
those  of  one  polarity  fit  alternately  into  the  spaces  be- 


tween those  of  the  opposite  sign,  sufficient  clearance  be- 
ing maintained  to  prevent  short-circuit  and  to  allow  am- 
ple space  for  the  electrolyte.  All  the  plates  of  like  polar- 
ity are  joined  together  outside  the  cell,  the  positive  con- 
nection being  at  one  side  and  the  negative  at  the  other. 
The  plates  are  held  apart  by  separators  of  hard  rubber, 
wood  or  glass.  The  electrodes  and  electrolyte  are  con- 
tained in  a  jar  or  tank  made  generally  of  glass,  hard 
rubber,  or  wood  lined  with  lead.  Glass  is  used  on  small 
stationary  batteries,  while  the  lead-lined  wooden  tank  is 
employed  on  the  larger  sizes.  Hard  rubber  finds  its 
principal  application  on  batteries  used  for  traction  work 
and  portable  iJurposes.  When  the  containers  are  of  glass, 
the  plates  are  supported  directly  from  the  sides  of  the 
jar,  but  in  the  lead-lined  tank,  thev  rest  upon  two 
independent  glass  supports,  one  on  either  side  of  the 
tank.  The  jars  or  tanks  are  thoroughly  insulated  from 
the  earth  and  from  one  another  by  supports  which  usu- 
ally consist,  in  the  larger  sizes,  of  a  combination  of 
triple  petticoat  porcelain  insulators  and  wooden  frames 
or  blocks.  The  construction  of  a  typical  large-sized 
battery  cell  is  shown  in  the  illustration. 

The  floor  of  the  battery  room  should  be  of  wood,  brick, 
vitrified  tile  or  asphalt  but  never  of  cement  or  a  ma- 
terial afEected  by  acid  fumes  or  leakage.  The  wooden 
portion  of  the  tanks  and  all  materials  in  the  room  sus- 
ceptible to  acid  corrosion  should  be  protected  by  acid- 
proof  paint  or  by  a  covering  that  will  likewise  resist 
corrosion.  Good  ventilation  should  be  maintained  to 
prevent  the  accumulation  of  fumes. 

Lessons  of  a  Power  Plant  Accident 
'By  H.  S.  Kxowlton 

To  the  operating  engineer  the  detailed  study  of  acci- 
dents occurring  with  electrical  or  other  machinery  in  a 
power  plant  is  generally  suggestive.  There  is  no  ques- 
tion that  the  careful  investigation  of  service  troubles  is 
one  of  the  most  profitable  practices  in  which  an  engineer 
can  engage,  but  in  many  cases  where  breakdowms  have 
happened,  there  has  been  little  opportunity  for  thorough 
analysis  of  conditions  at  the  time  by  men  experienced 
in  the  design  and  ultilization  of  equipment.  The  first 
duty  of  the  engineer  is  obviously  to  resume  service :  later. 
if  time  permits,  he  can  make  a  careful  report  of  the  cir- 
cumstances, and  it  often  happens  that  such  reports  are 
more  or  less  fragmentary. 

In  the  following  are  given  the  results  of  a  careful 
study  of  an  electrical  accident  in  a  steam  turbine  station 
made  by  an  experienced  engineer  who  was  on  the  way  to 
visit  the  installation  when  the  accident  occurred,  and  who 
arrived  at  the  plant  within  a  few  minutes  after  the  break- 
down. He  wa.s  not  employed  by  the  operating  company, 
and  was  consequently,  at  the  latter's  suggestion,  free  to 
investigate  the  situation  without  restrictions.  The  in- 
vestigation and  report  indicated  the  importance  of  better 
protection  of  exciter  service  and  the  independent  opera- 
tion of  electrical  auxiliaries  of  various  kinds,  with  more 
regard  to  the  evils  of  cncrgv  reversals  between  the  power 
plant  in  trouble  an'd  substations  conneclcd  with  it. 

The  shutdown  occurred  in  a  largo  generating  iihint  in 
which  the  rclavs,  speed-limit  devices  and  turbine-speed 
control  as  well  as  the  auxiliaries  were  .supplied  cntirclv 
from  the  exciter  system.     A  piece  of  casting  of  a  verti<nl 
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turbo-ge-iierato.r  becanie  detached  and  dropped  into  the 
revolving  member  wliich  forced  it  against  the  field  wind- 
lugs,  destroying  some  and  grotmding  the  field  circuit. 
By  this  accident  the  entire  system  of  auxiliaries  was 
rendered  inoperative.  One  turbine  ran  away,  and  the 
high  voltage  generated  on  jiart  of  the  system  pi-odiu-ed 
di.sastrous  results. 

In  the  retail  business  district  supplied  by  the  company 
there  was  a  large  storage  battery  floating  on  the  system. 
This  was  connected  through  rotary  converters  to  the  gcn- 
eiating  station  and  as  the  direct-current  automatic  cir- 
cuit-breakers between  the  battery  and  the  converters 
failed  to  act,  the  latter  were  run  inverted,  thns  supplying 
power  to  the  generating  plant  and  doing  considerable 
damage. 

A  study  of  the  accident  immediately  after  its  occur- 
rence, indicated  that  the  use  of  an  independent  source  of 
power  for  the  circuit-breakers  alone  would  not  have  been 
sufficient  to  prevent  trouble,  because  other  auxiliaries 
were  involved  at  the  same  time  and  a  complicated  situa- 
tion arose.  Some  of  the  damage  would  have  been  done 
regardless  of  the  circuit-breakers,  although  this  was,  in  a 
great  measure,  communicated  to  other  apparatus  by  the 
failure  of  the  local  circuit  supplying  the  auxiliaries. 

It  appeared  that  if  the  switchboard  operator  in  the 
])lant  had  been  able  to  control  the  oil  circuit-breakers, 
which  were  connected  in  the  main  circuits  between  the 
generators  and  the  busbars  and  between  the  latter  and 
the  feeders  supplying  the  substations,  he  might  have 
been  able  to  confine  the  trouble  to  the  machine  first  af- 
fected. 

All  the  oil  circuit-breakers  were  operated  from  a  gal- 
'  leiT  overlooking  the  turbo-generators.  If  these  could 
have  been  controlled  by  a  single  master  switch  opening 
them  in  an  instant,  more  of  the  damage  probably  could 
have  Ijeen  prevented  than  had  the  operator  been  able  to 
open  the  circuits  by  the  individual  controllers  which  were 
in  service  at  the  time  of  the  accident.  It  would  have 
been  impossible  bv  the  opening  or  closing  of  oil  circuit- 
breakers  to  have  saved  the  first  machine,  which  had  its 
field  short-circuited  and  grounded,  but  the  second  might 
have  been  protected  in  this  way. 

.A.n  analysis  of  operating  conditions  and  the  plant 
equipment  indicated  that  much  of  the  damage  was  due 
to  the  fact  that  the  various  auxiliaries  which  should  have 
come  into  play  were  not  supplied  from  a  local  circuit 
deriving  its  power  from  an  absolutely  independent  source, 
such  as  a  storage  battery.  The  independent  supply 
should  have  applied  to  the  turbine  governors,  which  were 
of  the  electrically  operated  type.  It  also  appeared  ad- 
visable to  install  automatic  relays  in  all  of  the  lines 
which  supplied  power  to  other  systems  from  the  busbars, 
capable  of  beino-  set  to  trip  the  oil  circuit-breakers  in 
case  of  an  excessive  overload.  In  addition  proper  re- 
verse-current relays  should  have  been  supplied  in  the 
various  substations,  which  would  have  prevented  the  re- 
versal of  the  energy  supply  in  these  circuits  .stipplyinar 
power  to  feed  the  short-circttits  and  grounds  which  existed 
in  the  generators.  It  also  seemed  ^s.«ential  that  speed- 
limit  devices  and  perhaps  rev^erse-current  relays  should 
have  been  supplied  for  the  rotary  converters,  so  that  they 
would  have  been  disconnected  from  the  whole  system 
when  the  energy  began  to  flow  into  the  converters  from 
the  svtbstation  batteries- 


It  wa.s  believed  at  the  time  of  the  accident  that  the 
machine  not  at  first  damaged  supplied  power  to  the  short 
circuit  in  the  armature  of  the  injured  generator  or  to 
the  ground  existing  in  its  windings,  thus  making  the 
damage  more  serious.  At  the  same  time  power  from  the 
busbars  feeding  into  the  armature  of  the  former  caused  a 
iiad  burnout  in  the  armature  after  the  insulation  was 
punctured  by  the  rising  voltage.  Therefore  it  appeared 
that  relays  operating  from  series  transformers  connected 
on  the  main  leads  of  the  generators  would  have  been  a 
valuable  feature,  for  being  supplied  from  an  independ- 
ent source,  and  set  to  operate  when  there  was  a  reversal 
of  energy,  they  w^ould  have  automatically  disconnected 
the  generators  from  the  l)usl)ars  before  serious  danuige 
had  been  done. 


CORRESPONDENCE 


What  Reversed  the  Polarity? 

We  have  two  generating  units,  each  consisting  of  a 
36x36-in.  Corliss  engine  driving  a  direct-current  gener- 
ator. As  tl^e  load  is  not  large  only  one  set  is  used  at  a 
time. 

A  short  time  ago  a  sudden  jar  occvxrred  which  un- 
latched the  governor.  The  engine  immediately  slowed 
down  and  would  have  stopped  had  not  the  engineer  reset 
the  governor  and  started  up  again.  Upon  going  to  the 
switchboard,  however,  to  adjust  the  voltage,  he  found 
that  the  polarity  of  the  generator  had  been  reversed. 

I  have  often  known  of  a  generator  running  in  parallel 
with  another  being  reversed  but  have  never  known  this  to 
happen  to  a  generator  running  by  itself.  What  could 
have  caused  such  a  thing?  This  unit  was  stopped  and 
Xo.  2  .started.  When  Xo.  1  was  put  in  service  again  a 
motor  generator  set  was  used  to  reverse  the  polarity  em- 
ploying about  100  volts  for  the  purpose.  Since  then  we 
have  had  no  trouble. 

John  H.  Gibbenf.y. 

Rowes  Run,  Penn. 


Unequal  Air  Gap 

Last  fall  complaint  was  made  about  a  .50-hp.  two-phase 
motor,  the  o^iier  stating  it  had  no  power.  Upon  investi- 
gating we  found  that  the  main  bearing  had  worn  enough 
to  let  the  stator  strike  the  frame  enough  to  throw  fire, 
although  the  coils  were  not  damaged.  We  took  the  mo- 
tor into  the  shop,  removed  the  copper  bars  in  the  motor 
and  insulated  them  w-ith  oiled  linen.  On  each  side  of  the 
.short-circuiting  rings  were  three  small  pieces  of  angle- 
iron  to  keep  the  Imrs  from  slijiping  endways  on  the  rotor. 
These  were  insulated  from  the  body  of  the  rotor  with 
pieces  of  fiber. 

We  then  proceeded  to  rebabbitt  the  bearings,  first 
putting  the  rotor  in  place  and  blocking  it  with  thin  pieces 
of  tin  so  as  to  get  the  air  gap  equal.  The  motor  was 
tlien  placed  in  service  and  handled  its  load  better  than 
ever.  Unless  the  air  gap  is  equalized,  an  induction  mo- 
tor will  lose  power. 

G.  Andehsok. 

Cresco.  la. 
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Diesel  Engines  at  English  Countn'  House 

By  Aethir  H.  Allex 

Manv  of  the  ancient  mansions  which  are  scattered  over 
the  British  Isles  have  been  equipped  with  instalhitions 
for  electric  lighting,  and  the  introduction  of  the  limg- 
>ton    hunji.    with    its   small    consuniptioii   of   energy,    hps 


Fig.  1.    Stoxeleigh  Abbey 


given  a  great  impetus  to  this  class  of  work.  In  mar.y 
cases  the  generating  plant  is  driven  by  gasoline  en- 
gines, which  can  be  managed  by  the  chauffeur  of  the 
establishment;  but  gasoline  is  too  expensive  for  the 
larger  installations,  which,  therefore,  use  oil  engines,  suc- 
tion gas  plants  or,  in  a  few  cases,  Diesel  engines.  One 
of  the  largest  of  these  installations  is  that  at  Stouelcigli 
Abbey,  Fig.  1,  the  country  residence  of  Lord  Leigh,  a 
great  part  of  which  was  erected  900  years  ai^o,  the 
newer  portion  having  been  added  in  the  seventeenth  cen- 
tury. 

The  installation  comprises  about  1500  incandescent 
lamps  and  a  number  of  motors.  The  generating  plant 
consists  of  two  Diesel  engines  of  50  hp.  each,  coupled  di- 
rect to  four-pole  interpole  dynamos.  The  plant  is  housed 
in  one  of  the  roomy  old  stables  belonging  to  the  estate, 
which  affords  ample  accommodation.  A  10-ton  under- 
ground tank  is  provided  outside  the  building  foi  the 
storage  of  the  fuel,  which  is  Texas  crude  oil.  The  oil 
is  pumped  by  hand  to  an  overhead  tank,  from  which  it 
flows  to  the  engines  through  filters.  As  the  local  water 
supply  is  hard,  and  would  deposit  sediment  in  the  water 
jackets,  the  cooling  water  is  circulated  through  a  cooler, 
in  which  an  artificial  draft  is  maintained  by  a  motor- 
driven  fan,  so  that  the  same  wattfr  can  be  used  continu- 
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ously.  The  exhaust  from  the  engines  is  passed  inio  a 
drum  silencer,  connected  by  a  short  pipe  to  a  secoriil 
drum,  from  which  it  finally  escapes  through  an  uptake 
provided  with  an  expanding  head  with  an  inner  cone, 
the  result  being  that  the  exhaust  is  almost  inaudible. 

Fig.  2  shows  the  generating  plant,  together  with  the 
main  switchboard,  which  provides  for  two  feeders — one 
to  the  house  and  the  other  to  the  farm  Iraildings — 
l)esides  the  draamos  and  storage  battery.  The  latter, 
which  is  situated  in  the  adjoining  room,  is  exceptionally 
large  for  a  plant  of  this  kind,  having  an  output  of  2000 
amp.-hr.  at  the  10-hour  rate  and  100  volts,  and  is  capable 
of  supplying  900  amp.  for  short  periods.  The  battery 
is  controlled  by  an  automatic  regulator  connected  to 
the  discharge  switch. 

The  main  cables  are  laid  underground,  in  ducts  filled 
up  with  bitumen.  In  the  buildings  the  wiring  is  inclosed 
in  screwed  solid-drawn  steel  tubing,  and  the  greatest 
care  has  been  taken  to  avoid  injury  to  the  ancient  wains- 
coting and  other  woodwork  in  the  Abbey. 

Electric  motors  have  liem   fi-i-flv   um-i)   to  dri\c  small 


Fig.  3.    Fire  I'tmi'  and  Contkol  Boakd 

domestic  appliances,  as  well  as  the  organ  in  the  old  chapel 
of  the  abbey.  In  the  farm  buildings,  which  are  also 
lighted  with  electricity,  motors  drive  the  chaff-cutter  and 
corn-crusher,  as  well  as  a  large  sawmill. 

One  of  the  most  interesting  features  of  the  installation 
is  the  fire-pumping  plant.  Fig.  3.  Formerly  a  steam 
engine  was  employed,  but  it  took  some  time  to  get  this 
into  operation,  and  a  motor-driven  pump  has  now  been 
substituted.  The  pump  is  of  the  Rees-Roturbo  type,  and 
is  self-regulating,  when  driven  at  constant  speed.  The 
pump,  which  derives  its  supply  from  the  river  Avon,  is 
permanently  connected  to  the  fire  mains  running  through 
the  abbey  and  on  the  roof  of  the  latter,  and  can  throw 
water  over  the  top  of  the  building ;  its  maximum  output 
is  400  gal.  per  minute  at  117  lb.  pressure.  It  is  kept 
primed  constantly  by  water  from  the  domestic  supply. 
Hydrants  are  fixed  at  various  places  in  the  building,  and 
at  each  of  these  there  is  a  push-button,  by  which  the 
pump  can  be  instantly  started,  the  switch  gear  ir  the 
pump  room  being  entirely  automatic;  the  fult  water 
pressure  is  available  in  less  than  half  a  minute. 

Formerly  coal  was  used  for  the  steam  fire  pump  and 
the  engine  driving  the  sawmill,  and  oil  for  lighting; 
these  items  cost  about  $2,500  a  year,  whereas  the  fuel 
oil  for  the  Diesel  egines,  which  has  replaced  them,  costs 
onlv  $125  a  vear.     The  installation  was  carried  out  by 


Percy  Oliver,  of  the  Midland  Electric  Light  &  Power 
Co.,  to  whom  the  writer  is  indebted  for  permission  to 
publish  these  particulars. 

Cost  of    Power   with    Small  Gas  Engine  Unit 
By  Samuel  B.  Mooee^  Jk. 

A  large  and  growing  industrial  concern  was  recently 
confronted  with  the  problem  of  procuring  additional 
power  for  its  plant.  An  increase  of  business  had  ne- 
cessitated the  operation  of  part  of  the  plant  by  night, 
which  meant  proper  lighting  facilities.  The  only  lighting 
means  then  at  the  command  of  the  company  was  gas,  but 
this  was  not  adaptable  to  their  special  needs.  Electric 
lighting  was  imperative;  hence  the  question  of  purchas- 
ing or  generating  cttrrent  for  lighting  arose. 

The  motive  power  for  the  plant  was  steam,  but  when 
the  lighting  cjuestion  came  up  the  boiler  plant  was  al- 
ready operating  at  its  maximum.  There  were  three 
courses  possible :  First,  to  buy  current  at  8c.  per  kw.- 
hr. ;  second,  to  install  a  new  boiler  (which  would  mean 
an  addition  to  the  boiler  house)  and  a  steam-driven  gen- 
erator, the  total  cost  of  installation  approximating 
$4000;  third,  to  install  a  generator  driven  by  a  gas 
engine  at  a  cost  of  about  $3800. 

The  last  course  was  selected  and  the  unit  was  in- 
stalled. The  engine  is  a  three-cylinder,  four-stroke-cycle, 
65-hp.  gas  engine,  direct  connected  to  a  40-kw.,  60- 
cycle  generator,  which  is  capable  of  carrying  20  per 
cent,  overload.  The  ignition  is  of  the  make-and-break 
tvpe,  the  starting  current  being  furnished  by  a  storage 
1  lattery  and  the  running  current  by  a  magneto  belt  driven 
from  the  main  shaft.  The  system  is  so  wired  that  the 
current  from  the  magneto  always  keeps  the  storage  bat- 
ter}^ charged. 

Illuminating  gas  of  about  560  B.t.u.  net  heat  value  is 
used.  The  engine  cylinders  are  water  cooled,  and  the 
water  outlet  is  connected  to  the  steaiti-boiler  supply,  so 
effecting  economy  by  using  the  water  twice  and  utilizing 
the  heat. 

To  determine  whether  the  engine  fulfilled  the  capa- 
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city  and  regulation  guarantee  of  the  maker  a  series  of 
tests  was  made,  the  results  of  which  are  given  in  the  nest 
table.  Two-hour  runs  were  made  with  one-quarter,  one- 
half,  three-quarter  and  full  loads,  all  measurements  of 
power  being  determined  with  a  prony  brake.  As  will 
be  noted  the  gas  consumption  at  all  loads  is  good.     The 
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speed  varied  between  281  r.p.m.  with  no  load  and  274 
-with  full  load,  thus  giving  2.5  per  cent,  regulation,  which 
is  satisfactory. 

RESULTS  OF  TESTS: 

Nominal  load i  i  }               full 

Duration  of  test,  hours., 2  2  2                   2 

R.p.m 280  280  279  271 

B.t.u.  per  cu.  ft.  of  gas 562.4  358.7  555  561.3 

Gas  consumed  by  engine,  cu.  ft 954  1350  1865  2270 

per  hour.,  477  675  933  1135 

Net  weight  on  prony  brake,  lbs 67  122.5  195  259 

Brake  horsepower 17  31.2  49.45            64.9 

Cu.ft.  gas  per  b.hp.-hour 28.1  21.7  18.89           17.45 

B.t.u.  gas  per  b.hp.-hour 15800  12100  10484  9793 

Per  cent,  of  rated  load 27        .         48  76                99.8 

Temperature  of  cooling  water,  deg.  F.  186  182  182               187 

These  values  are  perhaps  more  easily  compared  when 
presented  graphically.  The  curve  indicates  the  relation 
tetween  the  heat  consumption  per  hor.sepower-hour  and 
"the  brake  horsepower. 

Since  installation,  nearly  one  year  ago,  the  plant  has 
Leeii  in  operation  216  days,  with  an  average  daily  out- 
put of  207  kw.-hr.  jjer  ten-hour  day,  showing  a  fuel 
consumption  of  6065  cu.ft.  of  gas  per  day.  The  average 
cost  per  kw.-hr.  is  4.59c.  and  is  arrived  at  from  the  fol- 
lowing figures: 

■Gas,  1,310.000  cu.ft.  at  80c.  per  M $1048  00 

Lubricating  oil 86. 14 

Overhead  charges 873.00 

Eepairs 52.76 

Total  cost $2059.90 

Total  output  in  kw.-hr 44,712 

2059.90 

=  4.59c.  per  kw.-hr. 

44,712 

It  will  be  noted  that  no  labor  has  been  included  in 
the  cost.  This  is  because  the  steam-plant  engineer  op- 
erates the  gas-engine  unit.  Inasmuch  as  it  needs  prac- 
tically no  attention,  his  time  for  starting  and  stopping 
the  engine  is  considered  negligible. 

Producing  current  even  at  this  rate  is  cheaper  than 
buying  it  from  the  central  station.  It  should  be  borne 
in  mind,  however,  that  with  a  daily  output  of  207  kw.- 
hr.  the  engine  was  run  at  half  load  only.  Referring  to 
the  curve  it  will  be  seen  that  as  the  load  is  increased  the 
efficiency  will  increase.  Hence,  as  the  requirements  of 
the  business  make  greater  demands  for  current  the  cost 
per  kilowatt-hour  will  decrease  until  the  full  load  and 
capacity  limit  is  reached. 

[It  will  be  noted  that  the  overhead  charges  are  ex- 
tremely high — about  23  per  cent,  of  the  installation  cost. 
This  is  undoubtedly  due  to  the  inclusion  of  other  items 
than  depreciation,  interest,  insurance,  etc.  However,  it 
is  significant  that,  even  at  this  figure,  the  cost  of  produc- 
ing current  is  less  than  that  for  wliich  it  can  be  bought. 
— Editor.] 


Loss  of  Power  at  Different  Altitudes 

The  December  number  of  The  Olio  Cycle  contains  the 
following  table  showing  the  loss  of  power  at  different  al- 
titudes above  sea  level,  expressed  in  percentage  of  the 
power  at  ,sea  level : 


Loss  in  rated  horsepower  per  cent. 
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Exhaust  Silencer 

A  few  years  ago  we  decided  to  use  a  gas  engine  to 
take  care  of  an  extra  load  and  purchased  a  25-hp.  gaso- 
line engine,  and,  as  is  the  case  most  medium- 
sized  gas  engines,  this  one  came  equipped  with  a  cast- 
iron  exhaust  vessel.  These  devices  when  properly  con- 
nected, as  close  as  possible  to  the  cylinder,  allow  the  ex- 
haust pressure  to  drop  very  quickly  and  do  away  with 
much  of  the  back  pressure,  but  as  a  muffler  or  silencer 
they  are  not  usually  of  much  consequence. 

To  keep  peace  with  the  neighbors,  we  devised  the  muf- 
fler shown  and  used  it  with  and  connected  outside  of  the 
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Section  THKortm  Silknceu 

cast-iron  vessel.  It  is  easily  jnade,  not  very  expensive, 
is  heavy  enough  to  withstand  alnise  and  has  proved  vci'v 
effective  as  a  silencer.  The  exhaust  jiipe  from  the  engine 
to  the  exhaust  vessel  is  31/^  in.,  and  from  the  latter  to  the 
muffler  4-in.  pipe  is  used,  the  mulller  being  designed  for 
this  size  of  pipe.  The  dimensions  given  are,  of  course, 
for  this  particular  case  and  would  have  to  be  changed 
to  meet  other  conditions.  The  total  area  of  the  small 
holes  in  one  end  (inlet  or  outlet)  should  not  be  less 
tliaii  the  area  of  the  exhaust  pipe. 

M,  C  St.  John. 
Houston,  Texas. 

Briqupts  are  said  to  be  an  excellent  form  for  usImk  slack 
coal  In  a  hand-fired  plant.  They  can  be  burned  at  a  fairly 
rapid  rate  of 'combustion  with  Rood  efficiency  and  with  prac- 
tically no  smoke.  HiBh-volatlle  coals  when  brlquetted  aro 
perhaps  as  valuable  as  low-vnlatlle  coals  when  not  brl- 
quetted. 
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Corrosion  in  Refrigerating  Systems* 

As  a  prelimiuary  tlie  author  gave  a  short  summary  of 
the  eouditious  known  to  be  conducive  to  corrosion,  str.t- 
ing  previously,  however,  that  the  manufacturers  of  chlo- 
rides for  refrigerating  purposes  have  been  forced  to  put 
on  the  market  chlorides  that  would  not  tend  to  acceler- 
ate corrosion. 

The  conditions  brict'ly  are: 

1.  Combinations  of  unlike  metals  with  the  eleetro- 
Ivtic  brine. 
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Fig.  1.    SixGLE  Metai.s  ix  Calcilm  Chlohide  Bkixe, 
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2.  Combinations  of  the  same  or  'like  metals  in  brine, 
but  of  varying  degrees  of  purity,  and  segregation  of  im- 
purities. 

3.  Metal  in  a  state  of  strain,  especially  torsional 
stress. 

4.  Cutting  effect  of  heavy  brines  when  forced  at  Jiigh 
velocity  through  short-turn  bends,  or  through  piping  of 
too  small  diameter  relative  to  the  volume  of  brine 
carried. 

5.  The  presence  of  air  (oxygon)  in  the  piping,  or 
other  apparatus,  or  in  solution  in  the  brine  itself. 

6.  Faulty  construction  of  the-  brine-carrying  appar- 
atus so  that  the  brine  originally  free  from  air  or 
relatively  so,  soon  becomes  saturated  with  air  (oxygen) 
and,  in  con-sequence,  highly  conducive  to  corrosion. 

7.  Comparatively  high  brine  temperatures  which  are 
relatively  condiicive  to  corrosion,  compared  with  lower 
temperatures. 

8.  The  action  of  electric  currents  through  refriger- 
ating systems,  especially  the  brine-canwing  parts. 

9.  Actual  contact  with  electric  current-carrying  cir- 
cuits due  to  faulty  installation  of  wiring,  conduits,  etc. 

10.  Leakage  of  electric  current  from  poorly  installed 


*.\bstract    of    paoer    read    by   Morgan    B.    Smith    before    the 
American  Society  of  Refrigerating  Engineers,  New  York  City. 


metallic   conduits,   which   are   neither  grounded   nor   in- 
sulated from  their  supports. 

11.  Poor  quality  of  metal  used  in  the  brine-carrying 
parts  of  the  system,  especially  in  the  case  of  ca.st  iron 
used  iu  headers,  pumps,  etc. 

12.  So-called  protective  coatings,  which  iu  many  ca.ses 
actually   accelerate   corrosion,   rather   than    inhibit   it. 

13.  Galvanized  iron  of  poor  quality,  which  resists 
corrosion  very  well  for  a  short  time  until  the  zinc  has 
been  dissolved  away  sufficiently  from  tlie  iron  to  ex- 
tend beyond  the  limited  zone  of  protection  from  cor- 
rosion. Only  the  very  best  grade  of  galvanized  iron 
should  be  used,  since  it  is  well  to  bear  in  mind  the  evi- 
dence that  tlie  iron  used  for  galvanized  iron  is  seldom 
of  good  quality;  and  so,  once  the  zinc  has  di,ssolved 
.so  as  no  longer  to  protect  the  iron,  the  iron  itself  will 
almost  invariably  be  attacked  very  vigorously. 

To  .show  the  behavior  of  metals  in  brine,  tests  were 
conducted  covering  not  less  than  100  days — in  some 
cases  a  year  or  more — to  allow  full  time  for  the  reactions. 
The  metals,  were  only  seven-eighths  immersed  in  brine, 
as  this  simulates  a  condition  very  general  in  practice. 
The  test  pieces  were  3I/2  x  I14  in.  in  size.  The  brine 
was  renewed  every  seven  days.  The  change  in  weight  of 
tlie  metals  was  noted  at  frequent  intervals,  and  cal- 
culated i'.i  terms  of  change  in  weight  per  unit  surface 
exposed  to  the  action  of  the  brine.  The  results  of  such 
tests  on  single  metals  are  shown  in  Fig.  1,  the  curves 
representing  the  general  or  average  behavior  of  the  re- 
spective metals  in  calcium  brine  at  alio\it  73  deg.  F. 
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Fig.  2.  Metals  ix  SoLnERED  Coxtact 

The  peculiar  behavior  of  aluminum  is  characteristic 
of  this  metal  in  a  number  of  solutions  and  is  apparently 
due  to  the  accumulation  of  a  strongly  adherent  coating 
of  oxide.  Aluminum  actually  gained  in  weight  on  this 
account. 

The  alloys  seem  more  resistant  to  corrosion  than  do 
the  metals  of  which  the  alloy  is  composed.  This  is  seen 
in  the  behavior  of  bronze  and  solder. 


jN; 

s^ 

^ 

^ 

— 

t=: 

u-_4^ii2i£_£^i 

^ 

*^ 

^=:=ir4— - 

Copper 

cS^ 

= 

= 

\ 

^ 

*^ 

X 

r-- 

S°f^^ 

^^ 

'>s 

■% 

^ 

/^ 

=> 

s 

\ 

(^ 

\ 

\ 

^ 

^< 

\ 

\ 

\ 

^< 

X 

\ 

\ 

\ 

\ 

January  14,  1913 


P  0  W  E  E 


In  galvanized  iron  the  great  loss  during  the  first  ten 
days'  immersion  is  diie  to  loss  of  zinc,  during  which 
period  almost  no  iron  went  into  solution.  At  the  end  of 
this  period  there  was  not  sufficient  zinc  remaining  to 
further  protect  the  iron,  with  the  result  that  iron  began 
to  dissolve  along  with  the  remaining  zinc.  The  reaction 
then  gradually  assumed  the  same  characteristics  shown 
by  the  iron  of  good  quality.  It  is  evident  that  the  gal- 
vanized iron  used  in  these  tests  had  yery  good  iron  as 
the  base. 

The  figures  shown  on  the  chart  are  not  absolute  quan- 
titative results,  but  are  merely  comparative,  under  the 
conditions  maintained  in  the  tests.  Different  conditions 
might  readily  alter  the  comparative  results,  although 
those  given  are  fairly  representative  of  the  bolinvior  to 
be  expected  of  the  respective  metals  in  briucs  ol'  any 
descrijition. 

A  simihir  chart  was  made  up  for  a  series  of  dissimilar 
metals  in  contact  in  brine  and  a  third  chart  for  ahuu- 
inum  condnned  with  several  nnlike  metals  and  im- 
mersed in  brine.  A  fourth  chart,  reproduced  in  Fig.  2, 
shows  the  results  from  a  number  of  metals  soldered  to- 
gether. The  solder  seemed  to  exert  an  effect  similar 
to  that  shown  by  the  zinc  of  galvanized  iron,  inasmui-h 
as  the  solder  went  into  solution  in  each  case.  The  reac- 
tion on  the  metals  other  than  solder  was  slight,  com- 
]iari'(l  with  the  effect  on  the  solder.  The  combinations 
of  dissimilar  metals  show  much  greater  losses  than  do 
those  of  similar  metals.  These  tests  were  of  nine 
months'  duration,  only  170  days'  tests  being  shown  on 
this  chart,  since  the  general  results  are  well  defined  dur- 
ing this  period.  The  brass-iron  soldered  couple  con- 
tiinied  to  show  less  loss  than  did  the  copper-iron  soldered 
couple  in  these  tests. 

The  gain  in  weight  shown  by  the  brass-iron,  tlie  eop- 
]ier-brass  and  the  copper-iron  couples  was  probably  due 
to  an  accumulation  of  weakly  adherent  oxides,  possibly 
due  to  air  (oxygen)  in  the  brine,  wliich  was  soon  used 
u|i,  after  which  oxidation  was  not  manifest  even  on  re- 
pi-ated  renewal  of  the  brine.  The  net  result  of  all  these 
tests  was  to  prove  that  even  under  the  be.'it  conditions 
some  corrosion  may  be  expected  when  single  metals,  or 
(■oud)inations  of  dissimilar  metals  are  immersed  in  an 
electrolyte  such  as  brine. 

Some  of  these  tests  were  carried  out  with  the  metals 
i-oinpietely  immersed  in  the  brine,  the  fact  being  brought 
out  that  the  losses,  when  the  metals  are  only  partially 
iirimcrsed,  are  roughly  ten  times  as  great  per  unit  of 
lime  as  when  the  metals  are  completely  immersed. 
Tills  only  bears  out  in  a  striking  manner  the  facts  noted 
ill  practice,  namely,  that  air  (oxygen)  m\ist  be  kept  out 
of  the  refrigerating  system  just  so  far  as  is  possible. 
Brine-containing  apparatus  and  piping  must  be  kept 
com))letely  filled  with  brine,  so  that  air  cannot  accum- 
uliite  in  high  parts  of  the  apparatus.  \VTierever  air  does 
aeeumulatc  corrosion  will  manifest  itself  sooner  or  later. 

In  order  that  the  effect  of  electric  currents,  when  sent 
tluough  a  system  composed  of  two  dissimilar  metals  in 
brine,  might  bo  noted,  tests  were  made  using  electric 
currents  of  low  potential,  aiif!  of  almost  no  amperage. 
The  effects  of  very  small  currents  were  in  proportion  to 
their  magnitude,  as  was  expected,  the  main  point  brought 
out    being  that  currents  showing  a    potential  as  low  as 


one  millivolt  actually  hastened  corrosion.  The  fact  was 
driven  home  that  engineers  in  charge  of  refrigerating 
plants,  in  their  tests  for  leakage  of  current,  were  miss- 
ing the  very  currents  which  in  many  instances  were 
causing  remarkable  acceleration  of  corrosion,  if  not  actu- 
ally starting  the  reaction. 

Tests  for  stray  electric  currents  must  be  made  with 
instruments  capable  of  detecting  extremely  small  dif- 
ferences of  potential.  It  is  at  local  points  of  increased 
potential  that  trouble  is  likely  to  appear,  due  to  one  or 
more  of  the  following  connnon  scnirees : 

1.  Eleitric  niot(Ms  and  generators  not  properly 
grounded. 

2.  Klectrie  motors  direct  connected  on  a  common 
-hart  with  a  cenirifugal  brine  ]nimp,  and  not  insulated 
from  the  pumj)  in  any  way. 

:i.  Suspension  of  electric  lamp  wiring,  frequently  for 
incandescent  lighting,  and  often  for  arc  lamps,  directly 
from  the  brine  lines  or  other  brine-carrying  apparatus. 

4.  Electric  wires  carrying  heavy  currents  in  contact 
with  the  apparatus  in  such  a  way  that  the  insulation 
is  often  com])letely  ruhlied  tliroiigli  at  the  point  of  con- 
tact. 

5.  Electric  wiring,  such  as  annunciator  circuit.s,  carry- 
ing only  currents  of  momentary,  small  magnitude,  but 
which,  through  rre<|iu'nl  recurrence,  often  give  rise  to 
pronounced  action. 

().  Poorly  installed  nu4al  c luits  from  which  cur- 
rent frequently  finds  its  way  inlo  the  brine  lines,  etc., 
as  noted  above. 

7.  Sources  of  cui-rent  entirely  foreign  to  the  refrig- 
erating plant  as  trolley  circuits,  arc  light  circuits,  tele- 
phone circuits,  etc. 

Ammonia  Compressor  Safety  Devices* 
By  Peter  Neef 

Safety  devices  for  compressors  may  be  divided  into 
those  which  provide  protection  against  accidents  result- 
ing from  breakage  of  parts  which  go  to  make  up  the  en- 
tire compressor,  and  those  which  provide  again.st  damage 
resulting  from  other  than  inherent  causes.  The  first 
cla.ss  provides  against  such  accidents  as  the  breaking  of 
valves,  rupturing  of  cylinder  walls  and  heads,  breakage 
of  piston  rods  and  rings,  and  the  like.  The  breaking  of 
the  valves  in  the  eaily  days  was  probably  the  greatest 
source  of  damage  to  compressors,  but  this  defect  has  to  a 
large  extent  i)cen  eliminated  by  making  the  valves  from 
a  grade  of  material  which  does  not  so  readily  tend  to 
crystallize,  by  constructing  the  valves  so  that  they  arc 
more  or  less  cushioned  in  their  operation,  by  locating  the 
valves  so  that  the  broken  parts  remain  in  the  pocket  in 
which  the  valve  operates  and  cannot  enter  the  cylinder, 
and  by  the  use  of  a  false  head  in  the  compressor,  cover- 
ing the  entire  bore,  which  is  held  in  nlace  by  springs  of 
greater  tension  than  the  pressure  ordinarily  exerted  on 
the  head.  Thi"  method  i?  not  applicable  excejit  in  ver- 
tical single-acfin2r  compressors. 

The  second  class  deals  with  such  accidents  as  are 
caused  by  explosions,  unusual  pressures,  the  presence  of 
liquid  in  the  compressor  and  the  like.     The  best  guard 

•Alistf.nrt  of  paper  rcni\  l)cfiii<-  the  .American  Soelety  of 
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against  explosions  is  judgment  and  care  on  the  part  of 
the  operator.  When  a  machine  is  started  with  the  dis- 
charge valve  sliut,  failure  may  not  take  place  in  the  com- 
pressor, but  in  some  weaker  part  of  the  machine.  To 
avoid  this  insert  a  relief  valve  in  a  bypass  between  the 
discharge  and  suction  sides  of  the  machine.  If  this  de- 
vice is  not  used  it  tends  to  become  useless,  and  when 
used  too  frequently  is  apt  to  leak.  This  method,  not- 
withstanding its  faults,  seems  to  be  the  best  available  at 
the  present  time,  and  should  be  improved  along  the  lines 
of  better  seating  and  a  better  awangement  for  operating 
by  hand,  so  that  it  can  be  tested  daily. 

For  protecting  against  the  presence  of  liquid  in  the 
compressor  the  false  head  applicable  to  vertical  single- 
acting  compressors  would  seem  to  be  all  that  is  neces- 
sary, but  the  construction  detracts  to  a  large  extent  from 
the  iLsefulness  of  the  cooling  water,  owing  to  the  gaseous 
space  between  the  false  head  and  the  head  proper.  In 
small  compressors  where  the  discharge  valve  is  of  the 
same  diameter  as  the  compressor,  satisfactory  and  safe 
results  are  obtained. 

Making  Calcium  Chloride  Brine 
In  the  Nov.  5  and  the  Dec.  3  numbers  of  Power  I 
noticed  articles  on  the  making  of  calcium  chloride  brine 
by  C.  E.  Anderson  and  E.  A.  Cultra.  With  regard  to 
the  method  followed  in  making  up  this  brine  I  wish 
to  call  attention  to  a  very  satisfactory  manner  of  dis- 
solving the  chlorides.  In  the  brine  tank,  at  the  end  op- 
posite the  outlet,  is  built  a  suspended  grating  of  wood 
or  iron  with  holes  about  14  in.  in  diameter.  This  grat- 
ing shoidd  be  submerged  to  a  dejjth  of  at  least  12  in.  On 
this  grating  is  placed  the  chloride,  j)referably  limken  up. 


jjoints  and  percentage  composition  of  calcium  chloride 
brine  is  shown  in  the  accompanying  table  and  in  the 
chart  which  shows  the  same  relations  grajihically. 


1  1  ;  X 

/^ 

/ 

h-j 

/ 

<N 

Sv 

y' 

/ 

X 

A 

y 

/ 

i  "^ 

^ 

6*,, 

/ 

>'' 

— 

''V 

1 

h 

h 

fi 

0 

"> 

^--. 

/\  1 

[  i  i 

t 

y 

1 

\ 

1 

/ 

1 

1 

1 

Pe  r   Cent.      Co  Clj  "'-" 

Dex.sities  and  Feeezixg  Points  of  C'ALritM  Chlokide 

although  in  some  cases  the  whole  block  from  the  drum 
is  set  on  end  upon  this  grating.  Into  this  grating  the 
return  brine  empties  below  the  surface  of  the  brine,  be- 
cause of  the  danger  of  saturating  the  brine  with  air. 

With  such  an  arrangement  the  chloride  will  dissolve 
rapidly  and  no  large  chunks  can  possibly  go  to  the  bot- 
tom of  the  tank  there  to  form  a  hard  mass  which  will 
not  readily  dissolve.  There  should  be,  of  course,  some 
circulation  in  the  tank  to  facilitate  solution  of  the 
chloride  and  to  provide  a  uniform  brine. 

Mr.  Cultra  says  that  the  greater  the  density  of  the 
brine  the  better,  as  a  much  lower  temperature  can  be 
maintained  in  the  refrigerators,  if  so  desired.  This  state- 
ment is  somewhat  deceiving,  as  with  calcium  chloride 
there  is  a  limit  to  which  the  density  of  brine  may  be 
carried.     The  relation  between  specific  gravity,  freezing 
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15 
10.5 
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—32.0 

—  6.5 
+  16.0 


After  reaching  a  density  of  approximately  1.285,  any 
further  increase  means  a  rise  in  the  freezing  point.  These 
extreme  densities  are  not  reached  in  practice,  but  I  know 
of  several  instances  where  engineers  in  charge  have  got- 
ten into  serious  difficulties  because  they  have  allowed 
their  brine  to  become  too  heavy  in  chlorides,  with  the 
result  that  the  brine  congealed  at  the  working  tempera- 
ture and  caused  no  end  of  trouble. 

M.  B.  Smith. 

Detroit,  Mich. 

A  Broken  Crankshaft 
We   have   a   10-tou,   single-acting,   steam-driven   com- 
pressor running  at   about    100   r.p.m.     Ever  since  this 
machine  has   been  installed    (aliout   one  year)    we   have 
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had  trouljle  with  the  crankshaft  bearing  on  the  com- 
pressor side  of  the  unit.  Sometimes  it  would  run  fine 
for  a  week  and  then  the  bearing  would  get  hot  from  no 
apparent  cause.  At  times  it  would  not  take  more  than 
15  min.  for  it  to  get  hot  enough  to  slow  down  the 
machine  and  then  again  it  would  gradually  warm  up 
and  keep  getting  hotter  for  a  whole  day.  Everything  we 
could  think  of  was  done,  but  with  no  success. 

One  morning  while  sitting  at  the  desk  1  noticed  the 
compressor  begin  to  slow  down.  Upon  going  over  to  the 
macliine  I  found  tlie  bearing  almost  hot  enough  to  melt 
the  babbitt,  and  it  had  been  cool  only  10  min.  before. 
Feeding  it  Avith  oil  did  not  help  any,  so  I  decided  to 
loosen  up  on  the  bearing  cap.  I  had  backed  the  nuts  off 
about  one-half  turn  when  the  compressor  side  stopped 
and  the  engine  began  to  race.  After  stopping  the  en- 
gine and  taking  the  cap  off  the  bearing,  I  found  that 
the  crank.shaft  had  broken  at  the  shoulder  formed  by  the 
body  of  the  shaft  with  the  bearing  journal.  An  exam- 
ination after  removing  the  .shaft  showed  an  old  crack 
and  that  there  had  only  been  about  a  square  inch  of 
metal    holding   the    shaft    together. 

J.  H.  Stretton. 

Los   Angeles,   Calif. 
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Heat  Balance  in  bieani  boilers 

It  is  not  enougli  to  know  that  a  lioiler  evaporates  a 
certain  number  of  pounds  of  water  per  pouud  of  coal, 
even  when  this  performance  is  reduced  to  a  common  basis 
of  "from  and  at  212."  It  is  not  enough  to  know  that 
sixty  per  cent,  of  the  heat  in  the  coal  has  been  absorbed 
by  and  is  present  in  the  steam.  The  engineer  who  is 
going  to  profit  by  a  boiler  test  wants  to  know  what  became 
of  tlie  other  forty  per  cent,  and  wliy  that  is  not  in  the 
steam  too. 

The  way  to  find  tliis  out  is  to  make  a  heat  balance ; 
to  put  upon  one  side  all  of  the  heat  furnished  to  the  boiler 
in  the  coal  and  upon  the  other  the  amount  absorbed  and 
used  in  making  steam,  that  not  developed  as  a  result  of 
incomplete  combustion,  as  by  gases  going  ofE  uuburned, 
coal  dropping  into  the  ashpit,  etc.,  the  heat  carried  off 
through  the  stack  by  the  hot  products  of  combustion,  the 
heat  taken  out  with  hot  ashes,  clinker,  etc.,  the  heat  used 
to  evaporate  moisture  out  of  the  coal  and  heat  it  to  the 
chimney  temperature,  the  heat  lost  by  radiation,  etc.  If 
one  can  learn  through  which  of  these  channels  the  unab- 
sorbed  heat  is  escaping  he  may  be  able  to  save  at  least 
a  part  of  it. 

The  making  of  a  heat  balance  has  been  a  difficult  and 
complicated  operation,  involving  an  ultimate  analysis  of 
the  fuel  as  well  as  exceptional  precision  in  the  determina- 
tion of  the  more  frequently  observed  quantities  in  a 
boiler  test.  On  page  42  et  seq.  is  an  article  from  the  pen 
of  Professor  Marks,  one  of  the  authors  of  the  Marks- 
Davis  steam  tables,  which  shows  how  such  a  balaiu'e  can 
be  made  with  an  accuracy  which  is  within  the  attainable 
degree  of  accuracy  of  a  boiler  test  itself  without  having 
recourse  to  the  ultimate  analysis.  The  article  not  only  ex- 
plains how  the  various  quantities  are  determined  and  cal- 
culated but  gives  diagrams  by  the  use  of  which  much  of 
the  calculation  is  avoided  or  simplified. 

a 

Use  of  Fuel  Oil 

While  the  use  of  fuel  oil  for  generating  steam  has 
made  great  progress  on  the  Pacific  Coast  and  in  other 
sections  having  low  transportation  rates  from  the  South- 
western oil  fields,  the  advantages  of  liquid  fuel  have  not 
been  realized  in  many  localities  because  of  the  dearth  of 
practical  information  among  engineers  on  tiio  subjects  of 
oil  burners  aiul  the  arrangements  of  furnaces  best  ada]>tcd 
to  the  combustion  of  liquid  fuel.  Very  creditable  contribu- 
tions have  been  made  to  tiiis  branch  of  steam-engineering 
literature  by  f'aliforiiia  engineers  and  otiicrs  through  the 
transactions  of  the  American  Society  of  Jfechanical  En- 
gineers, which  give  valuable  information  on  the  suli- 
ject. 

But  a  more  general  introduction  of  fuel  oil  need  not  lie 
looked  for  until  the  rank  and  file  of  ()i)erating  engineers 
and  firemen  are  made  better  acquainted  with  the  require- 
ments of  liquid  fuel  burning  with  respect  to  storage, 
safety,  designs  of  oil  burners,  value  of  different  kinds  of 
oila  and  modifications  of  nrpsent  coal-buruiue  furnaces 


Hiucn  are  necessary  lo  me  successiui  use  or  liquiil  luel. 

It  would  seem  that  there  is  room  for  good  practical 
literature  on  the  subject  of  oil  burning  and  it  is  suggested 
that  if  the  oil  trade  looks  forward  to  business  in  this 
line,  it  could  not  do  better  than  to  study  conditions  iu 
different  localities,  and  supply  power-plant  engineers  with 
practical  information  on  oil  burners  and  boiler  furnaces 
for  burning  oil  under  different  types  of  boilers,  together 
with  suggestions  of  methods  of  adapting  the  leading  types 
of  boiler  furnaces  to  the  employment  of  liquid  fuels. 

Testing  Auxiliary  .Machinery 

Power-plant  testing  is  recognized  by  most  engineers  as 
essential  to  economy.  The  prevailing  tendency,  however, 
i.*;  to  confine  such  tests  to  boilers  and  engines,  allowing 
the  small  auxiliary  units  to  run  without  knowing  definite- 
ly as  to  their  condition  or  efficiency. 

For  instance,  a  duplex  steam  pump,  such  as  is  com- 
monly used  as  a  boiler  feeder,  is  exceedingly  wasteful  of 
steam  when  compared  with  an  automatic  cutoff'  engine. 
The  pump  does  not  use  as  much  steam  as  the  engine  dur- 
ing a  day's  run,  but  the  steam  consumption  per  horse- 
power developed  is  much  greater.  It  is  seldom,  however, 
that  po^\er-plant  pumps  are  given  a  test  run.  They  have 
been  known  to  ojierate  for  years  with  the  steam  valves 
leaking  so  badly  that  the  exhaust  pipe  showed  a  continu- 
ous discharge  of  steam  while  the  pumps  were  being 
operated. 

Other  causes  for  a  ])ump  not  working  at  its  full  ca- 
pacity, even  if  the  steam  valve  and  pistons  are  tight,  are 
scored  water  cylinders  and  worn  water  packing.  When 
juimping  against  a  pressure  some  of  the  water  leaks  past 
the  ])iston  to  the  other  end  of  the  cylinder  and,  to  handle 
the  required  amount  of  water,  the  pump  must  be  rtm 
enough  faster  to  make  up  for  the  excessive  slippage. 

This  is  wasteful  and  steam  is  consumed  to  push  a 
plunger  that  is  displacing  but  a  jiart  of  its  maximum, 
tapacity.  A  little  attention  on  the  ])art  of  the  engineer 
would  disclose  the  waste.  wlu'U  stejis  could  be  taken  to 
remedy  it. 

It  is  not  uncommon  to  see  the  vacuum  gage  of  the 
condenser  registering  only  twenty-four  inches.  If  the 
gage  is  correct  there  is  something  wrong  with  the  con- 
denser. If  a  higher  vacuum  is  not  carried,  say  twenty- 
six  inches,  then  the  economy  of  the  engine  is  reduced  ac- 
cording to  the  difference  between  the  vacuum  that  is  and 
the  vacuum  that  should  be  maintained. 

An  incorrect  gage  is  a  defect  easily  remedied.  If  the 
trouble  is  iy  the  condenser  the  engineer's  first  duty  is  to 
test  it  out,  ascertain  if  the  supjily  of  cooling  Avater  is 
being  interferred  with,  how  the  vacuum  and  tcmf)erature 
check  and  examine  the  valve  gear  of  the  coiulenser;  the 
jilunger  may  be  making  but  a  ))artial  stroke. 

It  is  not  the  larger  leaks  which  crijiple  a  power  plant, 
for  thev  are  easily  detected  and  the  engineer  is  forced 
to  remedy  the  evils  because  they  are  so  apparent,  but  the 
small  leaks  which  exist  week  in  and  week  o\it,  out  of 
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sight  and  undetected,  eat  huo  the  phuit  economy   to  a 
much  greater  extent  than  mc-^t  engineers  realize. 

One  small  source  of  leakage  may  not  amount  to  much 
in  itself,  but  a  number  taken  collectively  are  equal  to 
one  large  leak  that  would  not  be  allowed  to  exist  in  any 
except  a  grossly  mismanaged  ]ilant. 

The  \'aliic  of  Tact 

That  tact  is  valuable  is  so  evident  antl  universally  ac- 
knowledged that  it  scarcely  .seems  necessary  to  comment 
on  it.  However,  the  very  commonness  of  the  desirability 
of  possessing  and  exercising  tact  is  probably  account- 
able for  its  being  so  frequently  overlooked.  Ask  anyone 
if  he  has  ever  known  instances  where  tact  has  benefited 
the  possessor,  or  the  lack  of  it  worked  to  the  disadvantage 
of  the  one  devoid  of  it,  and  he  will  immediately  recall 
innumerable  such  instances.  Nevertheless,  this  same  per- 
son, within  a  very  short  time  either  before  or  after  the 
conversation,  himself  might  have  comraitteed  an  act  that 
indicated  a  failure  to  appreciate  the  value  of  tact.  What 
is  the  explanation?  Simply  tliat  it  is  a  human  trait  to 
lose  sight  of  the  most  obvious  things. 

Without  going  into  the  citation  of  numerous  incidents 
illustrating  wherein  tact  has  profited  someone,  or  its  ab- 
sence accomplislied  the  reverse,  only  one  very  ordinary 
experience  will  be  nuMitioned.  This  occurring  but  a  few 
days  ago.  brought  the  subject  freshly  to  nund.  hence  this 
dissertation. 

A  manufacturing  plant  was  in  need  of  the  services  of 
an  operating  engineer.  A  capable,  likely  man  applied 
for  the  position.  Looking  over  the  plant  he  saw  ways  in 
which  he  could  improve  the  plant  and  both  he  and  his 
prospective  employers  were  confident  of  his  ability  to 
handle  the  situation.  It  so  happened  that  the  previous 
engineer  had  not  been  as  competent  as  might  have  been 
desired  and  in  consequence  the  company  had  engaged  a 
supervising  engineer  to  inspect  the  plant  and  recommend 
changes  in  its  equipment  and  methods  of  operation  that 
would  make  it  more  economical. 

The  plant  was  in  immediate  need  of  a  new  operating 
engineer  so  that  the  factory  might  continue  operation, 
for  it  was  the  busiest  season  of  the  year.  The  applicant 
for  the  place  agreed  to  take  it,  but  later,  finding  that  the 
supervising  engineer  was  not  instantly  withdrawn,  re- 
fused to  go  to  work.  In  short,  he  (juit  before  he  actually 
started  work,  in  spite  of  the  fact  that  the  company  had 
agreed  to  dispense  with  the  supervising  engineer  as  soon 
as  it  could  gracefully  do  so. 

Xaturally  a  self-reliant  man  feels  no  need  of  an  outside 
advisor  and  may  even  resent  what  seems  to  him  as  in- 
terference. Equally  natural  is  it  for  the  management  of 
an  institution  to  hesitate  about  cutting  itself  off  too 
hastily  from  its  previous  best  help  until  it  is  reasonably 
certain  that  the  substitute  contemplated  is  likely  to  be 
satisfactory. 

One  may  say  that  this  engineer  showed  a  lack  not  only 
of  tact  but  of  good  judgment.  It  would  have  hurt  his 
reputation  not  at  all  to  have  operated  the  plant  for  a 
season  in  cooperation  with  the  advisory  engineer  and 
without  question,  he  would  now  be  in  a  good  position. 
Instead  he  is  still  out  of  work  and  the  plant  to  which 
he  had  agreed  to  come  was  compelled  to  lie  idle  at  a 
very  inopportune  time.  While  much  may  be  said  on  both 
sides  of  this  case  in  justification  of  the  course  each  party 


pursued,  the  fact  remains  that  Intterness  was  engendered, 
and  that  the  reputation  of  the  engineer  is  quite  likely 
to  have  been  injured ;  worst  of  all  is  that  more  tact  on 
either  side  migbt  lune  brought  about  a  favorable  con- 
clusion. 

To  realize  the  most  from  it,  tact  must  be  an  innate 
quality  of  the  man.  Unless  it  comes  natural  to  him  he 
will  surely  forget  to  use  it  when  the  need  arises.  False 
pride  and  hot-headedness  are  foes  to  tact.  The  man  who 
has  no  predisiiosition  to  the  latter  should  strive  the 
harder  to  develop  it,  and  in  llie  nicniiiinie  to  sulijugate 
the  antagonistic  teudencii's. 

Their  iMuttial  Obhgation 

The  recent  holiday  season  has  lu'ought  into  notice 
a  decided  tendency  on  the  part  of  both  employer  and 
cmplovee  to  give  each  other  credit  for  acts  performed 
outside  the  narrow  line  of  duty.  This  tendency  will  do 
much  to  make  their  respective  positions  understood,  ami 
when  more  widely  practiced,  it  will  be  a  power  for  nuuli 
practical  good. 

We  do  not  believe  that  the  giving  of  money  or  presents 
as  sufficient  recognition  of  the  employee's  merit  or  long 
service  is  wholly  actuated  by  selfish  motives  or  by  a  de- 
sire of  the  employer  to  pose  as  an  almsgiver  or  as  a 
jdiilanthropist.  Many  industrial  concerns  today  have 
rightly  concluded  that  their  success  has  largely  depended 
upon  the  skill  and  interest  displayed  by  their  employees, 
and  have  therefore  chosen  the  holiday  season  as  a  fit- 
ting time  in  which  to  give  this  recognition  substantial 
expression.  And  they  are,  in  a  measure,  practically  can- 
celing a  business  obligation. 

For  many  years  the  relations  between  capital  and  labor 
were  narrow  and  distrustful,  but  now  their  growing 
knowledge  of  mutual  dependence  has  given  each  a 
broader,  more  disinterested  view  point  and  created  a 
human-interest  element  hitherto  lac'king.  This  is  as  it 
should  be. 

Undoubtedly  the  demand  for  workmen  of  high  in- 
telligence and  quick,  sound  judgment  to  operate  the  high- 
powered,  often  intricately  constructed  machines  now  in 
use  has  caused  to  be  supersederl  the  workman  with  more 
muscle  than  brain.  Because  of  this  fact,  we  believe  that 
Ijoth  capital  and  labor  are  adopting  a  plan  whereby  each 
will  get  the  best  that  the  other  has  to  give. 

Therefore,  we  say  it  is  obligatory  that  capital  give 
its  fair  meed  of  praise  and  compensation  to  labor,  and 
equally  obligatory  that  labor  strive  to  serve  capital's  in- 
terests with  something  in  mind  lieyond  the  mere  dollars- 
pnd-cents  return   expected. 

The  Kaii-^as  Cih/  I'osI  ]iriiits  illustrations,  accompanied 
by  the  usual  photograph  of  the  inventor,  of  a  wonderful 
engine,  patented  and  perfected  by  B.  F.  Goldsborough, 
of  Jopliu.  This  engine  is  expected  to  "save  74  per  cent, 
of  the  heat  used  instead  of  three  per  cent.,  as  is  the  case 
in  a  common  engine,  or  eight  per  cent,  from  a  super- 
heated engine."  Inasmuch  as  the  better  of  the  present 
engines  convert  over  70  per  cent,  of  the  heat  available  in 
the  temperature  range  through  which  they  work,  into  me- 
chanical energy,  it  would  seem  that  Mr.  Goldsborough  has 
performed  quite  a  feat,  if,  as  the  papers  says,  his  first  en- 
gine, one  of  235  horsepower,  has  been  made  and  sold,  and 
is  a  success. 
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Points  about  Steam  Traps 

This  letter  sets  forth  the  principle  reasons  why  steam 
traps  often  fail  to  perform  their  duty  satisfactorily. 
There  is  probably  no  piece  of  apparatus  around  a  steam 
plant  that  receives  less  attention  and  yet  has  more  ex- 
pected of  it  than  the  steam  trap. 

Failure  of  traps  to  operate  successfully  is  often  due 
to  one  or  more  of  the  following  causes.  First,  the  trap 
has  not  been  properly  installed.  Sometimes  the  discharge 
is  choked,  due  to  faulty  piping,  such  as  too  many  ells, 
tees,  etc.  The  discharge  should  be  as  straight  and  free  as 
possible  and  of  the  full  size  of  the  outlet  of  the  trap.  Also 
in  regard  to  pipe  fittings,  I  have  found  that  the  more  lib- 
eral use  of  45-deg.  ells  and  Y"s  in  all  piping  of  this  kind 
gives  far  better  results  than  90-deg.  ells  and  tees.  Fig. 
1  shows  right  and  wrong  connections  and  clearly  illus- 
trates the  value  of  the  45-deg.  ells  and  Y's.  The  trunk 
lines  are  shown  at  A  and  the  branches  at  B. 

This  piping  question  is  one  that  deserves  considerable 
study  and  attention  because  a  little  careful  planniui; 
in   the  beginning  will    save   a   lot  of  expense,  work   and 
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worry,  when  the  installation  is  completed  and  will  often 
give  results  far  above  the  average.  Another  very  impor- 
tant thing  which  seems  to  have  been  overlooked  in  most 
cases  is  to  see  that  dirt  and  other  foreign  substances  are 
prevented  from  getting  into  the  trap  and  putting  it  out 
of  commission  by  plugging  up  the  valve.  Some  will 
purchase  the  finest  and  most  expensive  trap  and  then 
connect  it  up  to  dirty  coils  or  other  ai)paratus  before, 
the  system  has  been  blown  out,  and  neglect  putting  any 
kind  of  a  strainer  in  tlie  inlet  to  the  trap.  Fig.  2  shows 
a  very  simide  strainer  that  can  be  made  of  pipe  fittings 
and  a  piece  of  heavy  brass  or  copper  wire  screen  made 
in  tlie  form  of  a  cylinder  so. that  it  will  fit  into  the  recess 
in  the  bushings. 


A  trap  of  the  first  order  is  the  simple  expansion  trap 
and  while  there  are  various  modifications  of  it,  we  will 
only  deal  with  it  in  its  simplest  form.  This  trap  is  made 
of  a  piece  of  brass  pipe  of  suitable  size  and  length, 
mounted  in  a  suitable  frame.  One  end  of  this  pipe  is 
connected  to  an  adjustable  valve,  while  to  the  other  end 
is  connected  the  return  from  the  steam  coils  or  other  ap- 
paratus that  is  to  be  drained.  The  operation  is  as  follows : 
When  the  water  is  all  blown  out  and  the  trap  contains 
only  dry  steam,  the  valve  is  adjtisted  so  that  it  is  just 
closed,  but  as  the  trap  fills-with  water,  it  causes  the  brassi 
pipe  to  contract  or  shorten  in  length  and  by  doing  so  the 
valve  is  opened  and  the  water  is  discharged.  The  action 
tends  to  clean  the  valves. 

Very  evidently  if  this  trap  is  regulated  to  suit  a  cer- 
tain pressure,  it  may  not  operate  perfectly  at  some  other 
pressure,  becatise  there  will  be  quite  a  variation  in  the 
temperature;  this  I  have  found  to  be  the  case  from  actual 
experience.  Then,  too,  this  type  of  trap  ^\ill  not  always 
take  care  of  a  sudden  rush  of  water  because  there  is  not 
always  sufficient  area  in  the  valve,  so  we  find  that  while 
the  expansion  trap  is  one  of  the  simplest  and  most  sensi- 
tive forms  of  trap,  still  to  give  good  results  the  conditions 
must  be  as  near  ideal  as  possible,  that  is,  the  steam  pres- 
sure must  not  vary  too  much  and  the  flow  of  the  conden- 
sate to  the  trap  must  be  fairly  steady  and  not  more  than 
the  trap  can  take  care  of.  I  have  fouiul  that  this  trap 
operates  best  when  it  is  set  in  an  inclined  or  vertical 
position  with  the  outlet  valve  at  the  bottom  because, 
in  this  position,  as  the  water  rises  and  falls  in  the  tube, 
the  expansion  and  contraction  is  more  uniform  and  there 
is  always  a  water-seal  over  the  valve. 

Gkohge  J.  Little. 

Passaic,  N".  J. 

Troubles  of  a  Feed  Water  Heater 

Where  T  am  employed  a  new  fei^l  water  heater  has 
just  been  installed,  and  as  it  at  once  gave  trouble  I  be- 
gan a  close  observation  of  its  action  and  have  found  the 
follo\ving  faults  which  may  be  of  interest  to  others.  I 
might  state  that  the  heater  was  bought  without  any  rec- 
ommendation on  my  part. 

The  boiler  at  this  plant  is  IS  in.  i)y  15  fl.  The  heater 
is  42x100  in.  and  of  the  open  type.  The  heater  is  much 
too  large  for  the  boiler  and  as  ihe  water  does  not  move 
through  it  fast  enough  it  loses  its  temperature.  Proof 
of  this  lies  in  the  fact  that  if  1  run  the  boiler  feed  pump 
quite  fast  for  a  few  minutes.  1  get  a  temperature  above 
200  deg.  F..  but  when  the  pump  is  run  at  a  steady  speed 
therebv  keeping  a  steady  water  level,  the  temperature  of 
the  feed  water  falls  to  about  100  deg.  F.  'NTow  if  the 
heater  was  smaller  the  water  would  move  faster  and  T 
would  get  a  higher  feed-water  temperature. 

Tn  the  heater  a  vertical  partition  divides  the  lower  half 
into  two  sections,  one  is  the  scifling  chamher  and   the 
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other  is  the  filtering  chamber.  The  raw  feed  water,  as 
in  other  makes,  enters  at  the  top  and  flows  over  a  number 
of  trays,  mixing  with  the  exhaust  steam,  and  then  falls 
to  the  settling  chamber. 

From  the  settling  chamber  it  goes  to  the  under  side 
of  the  filter  and  works  up  through  it  to  the  top  where 
the  pump  suction  enters  the  heater.  From  the  bottom 
of  the  heater  to  the  pump  suction  is  -i  ft.  From  the 
pump  suction  to  the  overflow  is  14  in.  If  the  water 
supply  line  should  give  out  I  now  find  that  while  I  have 
4  ft.  of  water  below  the  pump  suction  there  is  only  14 
in.  of  available  water. 

The  lower  end  of  the  regulating  float  chamber  is  con- 
nected into  the  prunp  suction  line  and,  as  soon  as  the 
pump  is  started,  water  is  drawn  from  the  float  chamber 
and  the  supply  valve  opens  at  once. 

Wliile  at  first  this  seems  a  good  plan,  still  it  does  not 
work  out  well.  It  takes  some  time  for  the  water  to  work 
up  through  tlie  filter;  the  cleaner  the  filter  the  shorter 
the  time.  '^Mien  the  filter  gets  dirty  and  works  slowly 
the  boiler  feed  pump  lowers  the  water  supply  on  the  fil- 
tered side  very  fast  and  the  supply  valve  is  opened  wide. 
Then  there  is  an  inrush  of  raw  water  which  the  filter 
cannot  handle  fast  enough  so  that  the  overflow  is  worked 
to  the  limit  and  the  supply  of  hot  water  goes  to  the  sewer. 

As  to  the  filter  itself.  If  a  person  is  using  a  real 
good  feed  water  maybe  the  filter  would  not  give  trouble 
for  a  long  time  after  it  was  properly  cleaned.  I  am 
using  water  containing  33  gr.  per  gal.  of  solids  and  the 
filter  becomes  so  badly  choked  up  in  three  weeks  that  I 
cannot  get  water  through  it  fast  enough  to  supply  the 
boiler.  The  material  used  in  the  filter  is  coke  with  a 
piece  of  course  burlap  at  the  top  and  bottom. 

W.   A.    Fl,.\NXERY. 

Waukesha,  Wis. 

[Mr.  Flannery's  letter  seems  to  indicate  that  the  trou- 
bles mentioned  are  not  due  so  much  to  improper  design 
of  the  heat«r  as  to  the  manner  in  which  it  is  installed 
and  also  because  the  feed  water  is  very  high  in  solid  con- 
tent. Perhaps  interested  readers  can  suggest  remedies 
for  Mr.   Flannery's  troubles. — Editor.] 

Heating  Fuel  Oil 

The  heating  of  fuel  oil  to  the  proper  temperature  is 
at  times  quite  a  problem,  as  during  the  cold  weather 
when  the  boilers  are  already  overloaded  and  the  fuel 
consumption  is  high.  I  believe  we  have  the  problem 
solved  for  plants  that  are  operated  nonc-ondensing.  We 
use  fuel  oil  of  14  deg.  Be.  which  is  very  stifl"  at  60  deg.  F. 
and  apparently  gives  the  best  resiilts  when  heated  in 
the  tank  to  120  deg.  F.,  allowed  to  stand  at  that  tem- 
perature about  four  hours  (which  gives  time  for  most 
of  the  moisture  to  settle)  and  then  heated  in  a  closed 
line  to  140  deg.  F.  before  it  reaches  the  burners. 

To  get  this  temperature  we  use  the  equipment  shown  in 
the  illustration. 

The  two  fuel  oil  tanks  ,4  and  A  are  of  100  bbl. 
capacity  each  and  each  has  a  4-in.  suction  line  with  a 
swing  pipe  which  may  be  hooked  to  take  oil  from  any 
desired  depth  in  the  tanks.  The  oil  follows  the  arrows 
to  the  fuel  oil  pump  which  is  a  duplex  41/0  and  2%  x  4  in. 
with  a  1-in.  exhaust,  which,  as  shown,  is  connected 
with  a  bypass  and  also  through  a  stuffing-box  into  the 


4-in.  oil  suction  line  through  the  center  of  which  it 
passes  for  about  49  ft.  and  out  the  other  end  through 
another  stuffing-box  and  then  on  to  the  hot  well. 

Each  tank  contains  a  3-in.  coil  C  into  which  exhaust 
steam  from  the  feed  water  pumps,  etc.,  is  allowed  to 
enter  at  the  top  of  the  tank.  It  passes  down  the  stand- 
pipe  around  the  coil  and  out  at  the  side  to  the  hot  well. 
This  pipe  is  connected  with  the  lines  to  an  open  feed 
water  heater  so  that  any  desired  amount  of  the  exhaust 
steam  may  be^  used.     The  coil  heats  the  oil  in  the  tank 
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enough  to  settle  the  moisture,  but  not  enough  to  cause 
a  loss  by  vaporization.  After  the  oil  has  entered  the 
4-in.  suction  and  is  on  its  way  to  the  pump  it  may 
be  heated  to  140  deg.  F.  or  even  higher  without  a  loss 
of  the  lighter  oils  or  distillates,  vnVa  this  equipment 
we  get  the  oil  through  the  pump  at  140  deg.  F.  and 
take  out  basic  silt  and  moisture  to  the  extent  of  0.1 
to  0.4  per  cent. 

B.  F.  Hartley. 

Quail,  Calif. 

[This  fuel-oil  heating  outfit  may  be  made  by  the  plant 
engineer  at  a  cost  little  above  that  of  the  tanks,  as  the 
necessary  pipe  and  fittings  are  always  availalile.— 
Editor.] 
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Buckling  of  Boiler  Tubes 

In  the  August  27  issue,  Mr.  Davis  goes  to  some  length 
explaining  how  and  why  boiler  tubes  buckle,  but  in  my 
opinion  his  ideas  were  not  obtained  by  actual  contact 
with  working  conditions. 

Actual  inspection  of  hundreds  of  boilers  has  taught 
nie  that  his  statement  that  water  tubes  always  bend  up- 
ward is  misleading. 

I  have  seen  water  tubes  that  bent  upward  but  gen- 
erally the  buckling  is  downward  for  the  very  good  reason 
that  the  bottom  of  the  tube,  being  nearer  the  fire,  ex- 
pands more  than  the  top,  therefore  the  bottom  of  the 
tube  is  slightly  longer  and  the  tube  is  compelled  to  come 
downward  to  accommodate  this  unequal  length.  Then 
take,  for  instance,  the  common  types  of  horizontal  water- 
tube  boilers  which  have  tile  covering  the  upper  half  of 
the  tubes,  these  tubes  always  buckle  downward  because 
the  fire  does  not  get  to  the  top  of  the  tube  and  conse- 
quently the  lower  half  expands  more. 

To  the  engineer  who  has  ever  undertaken  to  prevent  a 
piece  of  iron  or  steel  from  expanding  when  heated.  Mr. 
Davis'  suggestion  that  scale  in  a  water  tube  will  hold  it 
so  tightly  that  it  cannot  expand,  will  seem  ridiculous; 
really  it  is  preposterous  to  propose  that  a  quarter  or  even 
half  an  inch  of  boiler  scale  will  have  sufficient  tensile 
strength  to  withstand  a  force  of  nature  that  was  used 
by  the  ancients  to  straighten  up  heavy  walls  which  had 
got  out  of  plumb.  That  was  done  by  bracing  them  up 
tightly  with  cold  metal  and  applying  heat,  causing  ex- 
]3ansion  and  the  wall  had  to  go  back  in  place. 

The  experienced  engineer  has  always  found  that  all 
scale  was  cracked  off  a  boiler  plate  or  tube  wluch  had 
been  overheated. 

Tlie  statement  that  tubes  in  return-tubular  boilers 
either  bend  downward  or  loosen  at  the  ends  is  also  near- 
erroneous. 

If  Mr.  Davis  wants  to  try  it  just  let  him  have  a  sleepy- 
headed  fireman  let  the  water  down  in  the  boilers  so  that 
a  couple  of  inches  of  the  upper  tubes  are  above  water 
line  and  if  they  do  not  bend  upward  it  will  be  .the  first 
case  I  ever  heard  of  in  which  they  did  not.  To  get  a 
positively  heterogeneous  style  of  buckling  let  him  try 
opening  up  a  blow-off  valve  and  be  unable  to  get  it  closed 
again,  a  good  fire  under  the  boiler  meanwhile,  then  when 
he  looks  into  this  boiler  he  will  find  buckling  toward 
every  point  of  the  compass. 

With  water  at  its  proper  level  in  a  horizontal-tubular 
boiler  a  tube  rarely  tmckles,  no  matter  bow  much  scale 
it  has  on  it.  Tubes  in  a  borizoiital-tuhular  boiler  are 
not  in  the  least  partial  as  to  which  side  collects  the  most 
scale,  it  is  usually  deposited  evenly  all  over  the  top  and 
bottom  alike  but  I  have  met  with  numerous  instances 
where  the  scale  was  much  heavier  on  the  bottom  of  the 
tube  than  on  the  top  and  when  a  tube  gets  enough  scale  to 
cause  overheating  it  simply  expands  evenly  all  around 
and  either  bulges  the  head  or  slips  in  the  hole. 


niiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^^ 

Meanwhile  I  must  confess  that  I  do  not  know  nearljr 
all  there  is  to  be  learned  and  would  like  to  hear  from 
others  on  this,  to  me,  very  interesting  subject,  particu- 
larly from  those  who,  like  Mr.  Davis,  have  a  kind  of 
boiler  scale  that  is  so  tenacious  that  neither  fire  nor  ex- 
pansion will  loosen  it. 

C.  R.  Summers. 

Chattanooga,  Tenn. 


Results  in  CO, 

The  letter  under  the  lieadiug  "liesults  in  C0„,"  in  the 
issue  of  Sept.  10,  corroborates  the  conclusion  I  reached 
some  time  ago.  Such  results  cannot  be  arrived  at  as  we 
determine  engine  performances,  by  the  analysis  of  indi- 
cator diagrams,  for  unlike  engine  performances,  furnace 
conditions  and  the  human  element  are  constantly  chang- 
ing in  boiler  practice.     However,  the  nearest  approach 
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SnowixG  CO,  Yakiation  with  DiFFEnENT  Conditioxs 
nv  FricL  1)1:1) 

that  1  have  discovered  for  presenting  the  result  graphical- 
ly is  by  means  of  a  chart  as  shown. 

The  chart  covers  a  period  of  two  hours.  The  explana- 
tion is  as  follows:  Each  square  represents  a  period  of 
5  rain.  Thus  at  1:05  p.m.  the  CO,  was  14. G  ])er  cent., 
the  draft  over  the  fire  0.05  in.  of  water,  and  the  depth 
of  the  fire  (apparent)  was  !)  in.,  tlirce  minutes  after 
charging  the  furnace. 

Taking  the  average  for  the  day  of  11  br.  by  means  of 
a  gas  collector  and  the  Hays  instrument,  gave  a  result 
of  ViA  per  cent.  CO,  which  checks  up  (|ui1e  accurately, 
considering  that  the  collector  was  working  continually 
during  periods  of  opening  furnace  doors,  cleaning  fires, 
etc. 

The  evaporation  per  |ioiniil  ol'  cum!  as  tired  frdin  an<l  at 
212  deg.  was  0.22  lb.;  imrdrliinntcly,  this  llgure  is  lower 
than  us>ial. 

Upon  looking  over  our  records  of  this  holler  I  find 
that  the  last  analysis  of  the  flue  ga.ses  made  for  deter- 
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milling  the  per  eeiil.  of  CO...  CO  aiui   0   uiion   the  I'ol- 
kwins;  dates  showetl : 


iNo,  2  BOILER. 


CO 


O 


per  cent.  per  cent. 
U.04  6.2 

0.08  6.2 

0  4 


0.6 


6.S 


The  results  are  verv  satisfat-tury,  considering  that  the 
boiler  is  operating  at  a  50  per  cent,  underload. 

(tEOKGE  C.  J.   Spangenbekg. 

The  Attitude  of  Many  Employers 

In  a  recent  editorial  in  l\)\\i:i;  there  apjieared  the 
statement  that  the  engineer  was  considered  as  a  necessary 
evil.  With  respect  to  a  factory  it  is  useless  to  say  that 
the  engineer  is  iaidispensable  to  the  owner  and  not  pick 
out  many  other  department  heads  without  which  the  arti- 
cles manufactured  by  that  particular  firm  coidd  not  he 
produced.  In  the  same  way  it  is  evident  that  if  there 
was  no  factdrv  there  would  be  no  engineer  and  so  we 
might  go  on  indefinitely  with  such  conclusions. 

The  main  question  is,  why  sliould  the  engineer  be  a 
necessary  evil  any  more  than  the  workmen  in  the  shop, 
for  every  manufacturer  expects  to  have  tools  and  ma- 
chinery and  most  of  them  e\p(^ct  to  have  power,  and 
the  output  depends  greatly  on  the  inanm-r  in  which  that 
power  is  maintained. 

It  does  not  seem  reasonalilc  in  lliese  days  that  many 
employers  would  think  that  their  engineer  need  not  b(> 
a  man  of  considerable  intelligence  to  operate  the  ma- 
chinery iu  a  safe  and  economical  manner.  Nor  do  I  see 
where  any  manager  would  be  justified  in  making  the  re- 
mark quoted  in  the  editorial  that  he  always  knew  that  it 
meant  some  expeu,se  when  he  saw  the  engineer  approach- 
ing, unless  the  employee  was  unusually  careless  and  neg- 
ligent. 

It  has  .seemed  to  be  usually  the  case  where  the  owner 
has  a  fine  modern  power  plant  that  he  is  always  glad  to 
show  it  to  his  friends  and  his  associates  in  business  and 
why  then  should  he  regard  the  men  to  whom  he  has  in- 
trusted the  care  of  this  extremely  valuable  property  as 
necessary  evils?  The  broad-minded  employer  does  not 
have  this  feeling  if  he  sees  that  his  engineer  takes  the 
[uoper  interest  in  his  work.  It  is  necessary  that  the  en- 
gineer try  to  explain  everything  to  his  employer,  so  that 
the  latter  may  take  the  same  view  of  the  affairs  of  the 
plant  that  he  does  and  if  this  is  done,  there  should  be 
harmony  between  them. 

One  thing  that  tends  to  bring  discord  between  these 
two  is  that  the  engineer  does  not  work  by  that  clock- 
like regularity  as  regards  the  different  jobs  that  he  may 
do  each  day,  as  do  the  workmen  in  the  shop.  With  them 
it  is  an  effort  to  turn  out  the  largest  amount  of  good 
work  in  a  given  time,  which  is  called  quick  production, 
while  the  engineer's  part  in  good  production  lays  in  the 
regularity  of  service  that  he  makes  his  plant  give  and 
to  jiromote  that  regularity  he  may  have  this  part  to  re- 
pair on  one  day  and  that  on  another.  In  the  meantime 
there  may  be  intervals  of  apparently  idle  moments  or 
whole  days  of  very  little  manual  labor,  which  being  ob- 
served by  the  employer,  give  him  the  feeling  that  there 
is  a  lazy  man  in  his  engine  room. 

If  this  conclusion  is  true,  then  the  operation  of  the 
plant  will  sooner  or  later  show  it,  but  if  the  ai)i)earance 


of  the  plant  continues  to  l>e  good  and  the  expenses  do 
not  show  any  unusual  increase,  the  employer  should 
feel  that  the  engineer  is  doing  as  well  as  can  be  ex- 
pected. 

Another  very  fruitful  cause  of  trouble  is  the  tendency 
of  some  employers  to  try  to  make  the  engineer  feel  that 
they  "know  it  all"  as  many  of  them  do  by  ottering  sug- 
gestions on  how  to  run  the  plaitt.  I  have  been  thrown 
in  contact  with  men  who  should  have  had  some  practical 
ideas  but  who  had  very  few.  I  have  heard  a  man  say 
that  a  180-deg;  bend  in  a  steam  pipe  was  no  bettc;  for 
expansion  than  a  straight  piece  of  pipe  with  elbows. 
He  could  not  see  why  the  fire  in  a  high-pressure  boiler 
could  not  be  banked  over  night  and  the  steam  be  allowed 
to  flow  into  the  heating  system  without  seriously  lower- 
ing the  water  level  in  the  boiler  in  a  period  of  eight 
hours.  He  also  could  not  understand  why  a  building 
with  a  large  window  area  exposed  to  the  full  force  of 
the  wind  in  the  New  England  climate,  could  not  have 
ihc  heat  sliiil  oil'  all  night  without  anything  freezing  be- 
cause in  a  much  more  southerly  location  this  prac- 
tii-e  prevailed  in  a  building  of  several  more  stories  and 
which  was  sheltered  by  other  buildings  near-by. 

Wc  can  well  ask  the  question :  Who  is  the  "know-it- 
all"  in  this  case?  Surely  not  the  engineer  who  needs 
the  patience  of  Job  to  listen  to  such  statements  and  yet 
ij'  the  positions  were  reversed,  how  long  would  the  en- 
gineer expect  to  remain  if  he  made  such  statements? 

Then  there  are  many  employers  who  have  the  honesty 
to  say  that  they  do  not  know  anything  about  the  me- 
chanical end  of  the  business  and  tell  their  engineer  that 
he  must  go  ahead  and  do  as  he  thinks  best  and  that  it  is 
i:p  to  him  not  to  prove  a  failure. 

In  conclusion,  we  can  be  sure  that  no  engineer  who 
does  not  try  to  give  his  employer  the  full  value  for  money 
received  can  expect  that  the  employer  is  going  to  have 
the  same  feeling  toward  him  that  he  would  have  if  he 
fully  trusted  him.  When  once  there  is  a  feeling  of  sus- 
picion on  the  employer's  part  it  is  time  for  the  engineer 
to  depart  for  other  fields  before  he  is  invited  to  do  so. 

G.  H.  Kimball. 

East    Dcilliain.    Mass, 

How  the  Pump  Valve  Deck  was  Cracked 

111  answer  to  Mr.  McGinness'  inquiry,  I  would  say  the 
crack  was  caused  by  internal  stresses  in  the  division  wall. 
The  walls  of  the  casting  being  very  thick,  11^  to  2  in., 
the  cracked  part  looks  to  be  of  very  small  cross-section 
compared  to  the  thickness  of  the  walls  of  the  casting. 
When  the  casting  was  cooling  in  the  mold  the  sides  and 
ends  would  naturally  cool  first,  radiating  heat  in  every 
direction,  leaving  the  division  wall  to  cool  last.  This 
being  the  case,  and  as  cast  iron  shrinks  on  cooling  from 
a  red  heat,  the  internal  wall  would  be  subject  to  ten- 
sion causing  the  internal  stress  mentioned.  In  service, 
no  doubt,  the  temperature  of  the  air  surrounding  the 
pump  was  higher  than  the  water  forced  through  the 
valves,  this  would  also  increase  the  stresses  on  the  divi- 
sion wall  and  on  the  top  valve  deck.  This  fracture  is  not 
due  to  an  increase  of  the  discharge  pressure  for  the  gas- 
kets in  the  pump  and  line  would  give  way  before  the  wall 
would  fracture. 

Ellsworth  Toxkix. 

Columbus.  Ohio. 
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I    INQUIRIES    OF    GENERAL    INTEREST 
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\\  bistling    !«onil<1 


Bti 


When  a  boiler  occasionally  makes  a  whistling  sound  as 
the  firedoor  is  opened  or  the  damper  closed  slightly,  what 
causes   it.   and    can    any   harm    result? 

W.  C. 

This  sound  is  probably  the  noise  made  by  the  air  passint; 
through  the  firedoor  crevices.  Beyond  admitting'  more  air 
than  is  necessary  for  complete  combustion,  thus  reducing 
economy,    no    harm    is   done. 


Kelatlve   Efficiency 


af   Retiiri 
Bolle 


and    Lucomntive 


Which  is  the  more  efflcient.  the  return-tubular  oi-  the 
locomotive    boiler? 

C.    W. 

The  return-tubular  bolder  is  generally  more  efficient  when 
properly  designed,  well  set  and  having  good  draft.  It  also 
has  better  furnace  combustion  and  less  loss  of  heat  by  i-adia- 
tion  and  generally  in  the  chimney  as  well. 

Automatic    Stop    Governor 

What  is   the  function   of  an  automatic   stop  governor? 

E.    1). 

The  automatic  stop  attacliment  on  a  throttling  governor 
usually  is  an  idlei-  pulley  resting  on  the  governor  belt,  the 
supporting  arm  of  the  pulley  being  connected  to  the  gov- 
ernor so  as  to  automatically  shut  ofE  the  steam  it  the  governor 
belt  breaks  or  comes  oft.  On  Corliss  engines  various  con- 
trivances are  used  to  accomplish  the  same  or  the  equivalent 
function  of  such  an  attachment.  The  most  common  of  these 
is  the  safety  knock-oft  cam. 

W'orlvlnfi;    Strengtii    of    Joint 

What  would  be  the  allowable  pressure  in  a  boiler  60  in. 
in  diameter  with  a  shell  ';  in.  thick  having  a  joint  efficiency 
of  GS  per  cent,  and  constructed  of  metal  having  a  working 
strength   of   9000   lb.    per   sq.in.7 

R.    E.    R. 
The    working   strength    of   the   Joint    per    inch    of   length   of 
shell    would    be 

9000     >'      l,i      ^      O.fiS  SOfiO    111.. 

therefore,    i  i    a    longitudinal    joint    the    allowable    boiler    pres- 
sure   would    be 

2  X  •30()l) 


60 


102  II)    pcT  «.|  i 


Heatlngr    Surface    in    l>ipr    toll 

How    is    the    heating   surface    estimated    of   a    wall    coll   of 
four    1-in.    steam    pipes    as    used    in    factory    heating    systems? 

J.  K. 
Base  the  heating  surface  upon  the  superficial  pipe  area, 
neglecting  the  small  Increase  of  heating  surface  due  to 
fittings.  The  outside  diameter  of  1-in.  steam  pipe  Is  1..11S. 
and  the  external  circumference  4.1:!1  in  .  th.  refore  a  1-ft. 
length    has 

4.131  X  12 


144 


().:)44  «i  ft 


In  a   four-pipe  coil  each  foot-length  of  coil  has 

4     X     0.344     =     1.370    sq.ft. 
of    heating    surface. 

Lift   of   a   Saret.v    Valve 

What    Is    the    lift    of  a   safety   valve? 

N.    B. 
It    Is    the    distance    which    the    valve    rises    vertically    above 
lt»  seat. 

Finding  a   Chimney'*  Ijeast   DIometer 

What  should  be  the  least  Internal  diameter  of  a  chimney 
81  ft.  high.  If  2.88  lb.  of  coal  are  burned  per  horsepower  per 
hour  and   the   horsepower  is   160? 

E.    R.    R. 

According  to  Kent's  formula,  where  allowance  Is  made 
for    Inirning    f>   lb.    of   coal    per   horsepower   per   hour. 


Hp.  =  .3  3.3  X  E  i/  H 
where 

Hp  =  Horsepower 
E  =  Effective  cross-sectional  area  of  the  chimney  in  feet. 
H  =  Height  In  feet. 
In  burning  2.88  lb.  per  horsepower  per  hour  the  formula  is 
adapted  to  the  conditions  by  dividing  by  5  and  multiplying 
by  2.SS.  whereupon,  with  the  substitutions  indicated,  it  be- 
c<-mes 

160  =  ^^X  .3. .3.3  X  E  v/"si 
Ry    transposing    and    solving. 

E    —    9.268    sq.ft. 
which   equals   the   area   of  a   circle    the   diameter   of   which   is 
3.44  ft.,  or  about  3  ft.   514   in.     For  round  chimneys  the  actual 
diameter  should  be  4  in.  greater  to  allow  for  friction,   or  3  ft 
9  !4   in. 

Determining    Rqulvalent     Evaporation 

In     making    a     test    on    a    boiler     having    105-lb.     pressure, 
with    feed    water   at    305    deg..    he 
deg.    worked    out? 


the    evaporation    at    212 


The  equivalent  evaporation  from  and  at  212  deg.  F.  and 
atmospheric  pressure  is  the  actual  evaporation  multiplied 
by  the  factor  of  evaporation.  The  latter  is  determined  by 
dividing-  the  total  number  of  heat  units  received  per  pound 
of  water  by  the  heat  units  required  to  convert  one  pound 
of  water  at  212  deg.  into  steam  at  atmospheric  pressure:  i.e., 
by  the  latent  heat  of  evaporation  which,  from  and  at  212 
deg.  F.  and  atmospheric  pressure,  has  been  determined  to  be 
970.4  B.t.u.  This  is  based  on  a  heat  unit  being  considered 
as  Viso  of  the  heat  required  to  raise  a  pound  ot  water  from 
32   to   212   deg.   F.     The   formula   is 

Q-,„   ■    =   Factor  of  evaporation 

where  H  is  the  total  heat  above  32  deg.  in  the  steam  and  h 
the  total  heat  above  32  deg.  in  the  feedwater.  both  found 
from  steam  tables.  In  this  case  the  steam  pressure  was  105 
gage,    which   equals 

105     +     15  .=    120    lb.    absolute. 

According  to   the   Marks   and   Davis   steam   tables,   to   raise 

1    lb.    of   water   from    32    deg.    F.    to    120    lb.    absolute    pressure 

would   require   1189.5   heat   units,   which   is   H   in    the   formula. 

The  feedwater  temperature   being   305   deg.    F..    h   would    equal 

305   —   32    =    273   deg.    above    32    deg. 

To   be   more  exact   h   may  be   taken    from   the   steam    tables. 

corresponding  to  305  deg..   where  it  is   found   to   be 

The   factor    of   evaporation    then    is 

1189. .13  -  274  7       014 


B.t. 


970.4 


970.4 


=  '..-.„-.  =  fl  94  a 


liCaivaee  of  Furnace  into  Front   Smolie  Connection 

In  firing  a  66-in.  by  Ifi-fi.  flush-.  Tided  retuin-I  ubular 
boiler  with  natural  gas  the  boiler  front  gets  very  hot  and  It 
is  sometimes  difficult  to  generate  enough  steam.  When  coal 
was  used  as  fuel  there  was  sufficient  draft  and  no  difficulty 
in  making  all  the  steam  that  was  required.  What  is  the 
cause  and   remedy  for   the   trouble? 

n.    W.    P 

The  difficulties  are  probably  due  to  the  passage  of  burn- 
ing gases  direct  from  the  furnace  to  the  front  uptake  through 
cavities  in  the  front  furnace  wall,  or  to  Imperfect  sealing-off 
of  the  furnace  froiu  the  front  connection  at  tin-  front  end 
of  the  boiler. 

Relation  of    \mm<inin    ComprcKNor  Crankii 

On  a  double-acting  horizontal  ammonia  compressor,  how 
should  the  cranks  be  set  to  get  the  best  results  In  steam  con- 
sumption  and   steady   speed? 

J.    H.    .S 

The  crank  for  the  stiam  cylinder  of  a  compressor  should 
be  set  at  90  deg.  with  the  compressor-cylinder  crank.  The 
compressor  will  not  run  smoothly  If  the  flywheel  Is  too 
light.  For  a  given  weight  of  flywheel,  there  will  be  a 
steadier  motion  If  the  steam-cylinder  and  compressor-cylin- 
der cranks  are  set  at  90  deg.  to  each  other  than  when  placed 
at    180    deg. 
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T.oGAiiiTHMs — Part  I 
We  have  learned  in  recent  lessons  how  to  extract  the 
square  and  cube  foot.  We  have  learned,  too,  that  the  pro- 
duct of  several  powers  of  the  same  quantity  is  that  quan- 
tity raised  to  the  power  indicated  by  the  sum  of  all  the  ex- 
]Jonents.    Thus 

8-'  X  8^  =  8* 


l)ecause 


and 


8=  =  8X8 
8^  =  8  X  8  X  8 


and 

8^  X  S''  =  8  X  8  X  8  X  8  X  8  =  8= 
You  cau  raise  a  quantity  to  any  power  by  multiplying  it 
by  itself  the  indicated  number  of  times,  thus 

8'  =  8X8X8X8X8X8X8  =  2,097,153 
You  can  get    any  root  of  a  quantity  by  taking  the  square 
root  as  many  times  as  2  will  go  into  the  index  of  the  re- 
quired root.    Thus  to  get  an  8th  root,  as 

you  extract  the  square  root 

8  -H  2  ^  4  times 

WTien  the  index  is  an  odd  number  subtract  3  from  it, 
divide  the  remainder  by  2,  extract  the  square  root  that 
nu-^iber  of  times  and  then  take  the  cube  root.  Thus  to 
gee  the  seventii  root. 

7  —  3  =  4;  4^2  =  2 
so  we  take  the  square  root  twice  and  then  the  cube  root, 
and  the  sum  of  all  these  indices  or  exponents  will  be 
2  +  2  +  3  =  7 

All  this  would  involve  much  figuring,  but  fortunate- 
ly it  is  not  necessary.  The  use  of  logarithms  enables  one 
to  perform  operations  involving  roots  and  powers  with 
great  simplicity. 

In  the  following  table  a  series  of  numbers  in  geometri- 
cal progression,  1  —  2  —  4  —  8,  etc.  (see  lesson  Dec.  17) 
is  made  to  correspond  with  a  series  of  numbers  in  arith- 
metical progression  0  —  1  —  2  —  3,  etc. 


32  5 

M  6 

128  7 

256  8 

512  9 

1,024  10 

2.M8  11 

4,096  12 

8.192  13 

16,384  14 

The  numbers  in  arithmetical  progression  are  the  loga- 
rithms of  the  corresponding  numbers  in  geometrical  pro- 
gression "to  a  base  of  2." 

The  sum  of  the  logarithms  of  any  numbers  is  the 
logarithm  of  the  product  of  those  numbers.    For  example. 


The  log.  of  2.%  =8 

Adding  the  logarithms  of  4  and  64  together  we  obtain 


S,  the  number  corresponding  to  which  is  2.5G,  which  is  the 
product   of  4  and  64. 
Affaiii, 


The  log.  of 
The  log.  of 
The  log.  of 


The  log.  of  16,384  =  14 

This  same  thing  would  apjily  to  multiplying  a  number 
by  itself,  thus: 

The  tog.  of  8=3 
8=3 
8=3 

The  log.  of  512  =9 

To  multiply  three  8's  together,  i.e.,  to  raise  8  to  the 
third  power  or  "cube"  it,  we  might  add  three  of  its 
logarithms  together,  which  would  give  9,  which  is  the 
logarithm  of  512,  the  cube  of  8,  for 

8X8X8=  512 
But  a  simpler  way  would  be  to  multiply  the  log.  of  8  by  3 

log.  8  =  3 
exponent  =  3 

log.  8»  =  U  =  log.  512 

Hence:  To  raise  a  number  to  any  power  multiply  /7.f 
logarithm  hy  the  exponent  of  the  given  power.  The  pro- 
duct will  he  the  logarithm  of  the  power  required. 

Division'  by  Logakithms 

To  multiply  two  numbers  togetlier  we  added  their 
logarithms.  Division  is  the  opposite  of  multiplication,  so 
we  can  divide  by  subtracting  logarithms. 

Subtract  the  logarithm  of  the  divisor  from  the  loga- 
rithm of  the  dividend.  The  remainder  will  be  the  loga- 
rithm of  the  quotient. 

Example:     Divide  16,384  by  512. 


log.  32  =   5=  (log.  quotient) 

To  raise  a  number  to  a  given  power  we  multiplied  the 
logarithm  by  the  exponent  of  that  power,  obtaining  the 
logarithm  of  the  power  as  a  product. 

Getting  a  root  is  the  opposite  process  to  finding  a  power 
and  may  be  done  by  the  oijposite  process  of  division. 

To  find  the  root  of  a  given  number,  divide  the  logarithm 
of  the  given  number  by  the  index  of  the  root.  (2  for  the 
square  root,  3  for  the  cube  root,  etc.)  The  quotient  will 
he  the  logarithm  of  the  required  root. 

Example  :    What  is  the  cube  root  of  4096  ? 
■  log.  4096 
index 


=  ^--.^ 


of  the  cube  root 


The  number  corresponding  to  the  logarithm  4  is  16,  which 
is  the  cube  root  of  4096.     (See  if  it  is  not.) 
16  X  16  X  16  =  4096 

What  is  the  value  of  64^ 

As  has  been  explained  in  a  previous  lesson  (Dec.  24) 
this  means  that  64  is  to  be  raised  to  the  third  power  and 
then  the  square  root  extracted.  It  is,  therefore,  the 
square  root  of  the  cube  of  64.  But  f  =  1.5,  and  the 
expression  cau  equally  well  be  written  64^-^.     This  say^ 
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raise  64  to  the  1.5th  power.  This  would  be  complicated 
by  ordinary  arithmetic,  but  see  how  easily  it  is  doue  by 
lotjarithms : 


log.  of  041. 5   =  9   =  512 

Let  US  see  if  this  is  right.    It  wa^^.  tc.  iie  the  square  root  of 
the  cube  of  64.     Then  the  cubo  of  64  must  be 

512  X  513  =  262,144 
and  it  is  because 

64  X  64  X  64  =  262,144 
You  have  probably  noticed  before  this  that  this  is  an 
incomjjlete  table  even  as  far  as  it  goes.  There  is  no  loga- 
rithm given  for  3.  It  would  be  somewhere  between  1  and 
2.  Likewise  the  logarithms  for  the  numbers  between  8 
and  16,  in  a  table  made  like  this  one  to  a  base  of  2,  would 
lie  somewhere  between  3  and  4. 

The  tables  of  logarithms  in  ordinary  use,  called  '"com- 
mon logarithms"  are  made  to  a  base  of  10  as  follows : 


100  2 

1,000  3 

10,000  4 

100,000  5 

The  logarithm  of  1  is  0  in  any  system.  In  this  system 
the  logarithm  of  10  is  1.  The  logarithms  of  the  numbers 
from  1  to  10  lie  between  0  and  1,  as  follows: 

No.  log. 

1  =   0.0000000 

2  —   0.3010300 

3  =   0.4771213 

4  =   O.G020600 
etc. 

The  logarithms  for  the  numbers  Ijetween  10  and  100 
lie  between  1  and  2  and  consist  of  1  plus  a  decimal  frac- 
tion, as,  for  example: 

No.  log. 

10  1 .  0000000 

23  1.3617278 

92  1 . 9637878 

The  logarithms  for  the  numbers  between  100  and  1000 
arc  between  2  and  3  and  consist  of  2  plus  a  decimal  frac- 
tion, a.s,  for  example : 

No. 

100=2.0000000 
279=2.4456042 
672=2.8723693 

The  logarithm  is  thus  .seen  to  consist  of  an  integer  and  a 
decimal  fraction.  The  integer  is  called  the  "character- 
istic" and  is  always  one  less  than  the  number  of  integer 
places  in  the  number.  The  decimal  fraction  is  called  the 
"mantissa.'     Thus  in   the 

log.  of  270  =  2.4456042 
2  is  tlie  characteri.stic  and  .4456042  is  the  mantissa.  The 
log.  of  a  wholly  decimal  number  is  "negative,"  i.e.,  it  is 
less  than  nothing.  Keniember  that.  Thus  the  character- 
istic of  the  log.  of  0.048226  is  2.  Notice  the  minus  sign 
over  a  number  indicates  that  it  is  negative. 

The  reader  who  cannot  u.se  logarithms  is  urged  to  study 
well  each  lesson  so  that  he  may  be  ])ropared  for  succeed- 
ing lessons  tbat  are  to  api)ear.  fn  the  next  lesson  we  will 
learn  how  to  use  logaritbmic  tables,  i.e.,  learn  how  to  find 
the  log.'i.  of  given  iiuniber.-;  and  given  numbers  when  (he 
logs:  are  known. 

PRArTKE   QlTRSTIONS 

(1)  What  is  the  chief  purpo.sc  of  logarithms? 

(2)  What  is  tlic  base  of  tiie  system  of  common  logs.? 


(3)  To  what  numbers  do  the  following  characteristics 
relate:    0,  1.;  2. ;  3.;  4.? 

(4)  Give  the  rules  for  the  use  of  logarithms  in  per- 
forming examples  in  the  following :  (a)  multiplication; 
(b)  division;  (c)  raising  a  number  to  a  given  power; 
(d)  finding  the  root  of  a  given  nuniber. 

Answers  to  Last  Wi:ek'.s  Problems 

(1)  211. 

(2)  (a)  0.9283;  (b)  1.357;  (c)  5.9721. 

(3)  85,184. 

(4)  13.88   in. 

no  y  20  

(5)  ^^—  =  9.2  .    -v'  9.2  =  2.096  in.,  say  3  in. 

Study  Course  Exchange 

The  following  are  additional  names  of  those  desirous 
of  exchanging  lesson  papers  with  others  who  are  following 
the  Course : 

John  E.  Ketchem,  Simsburg,  Conn. ;  George  H.  Reed, 
N.  S.  Indian  School,  Santa  Fe,  X.  M. ;  D.  A.  Dickinson, 
441  South  Piere  St.,  Lima,  Ohio. 

Fire  Brick  Mel  Ling  Points 

The  United  States  Bureau  of  Standards  has  defined 
the  melting  point  of  firebrick  as  being  the  lowest  tem- 
perature at  which  a  small  piece  of  brick  can  be  seen  dis- 
tinctly to  flow.  The  following  melting  points  of  import- 
ant materials  in  firebrick  were  determined : 

Kaolin,  1740  deg.  C. ;  pure  ALO3,  2010  deg.;  pure 
SiOj,  1750  deg.;  bauxite,  1820  deg.;  bauxite  clay,  1795 
deg. ;  chromite,  2180  deg.  Silicon  carbide  begins  to  de- 
compose at  2220  deg,  after  prolonged  heating,  but  does 
not  melt  at  much  higher  teni]ieratures  with  short  heating. 
Forty-one  samples  of  fireclay  brick  were  tested,  the  melt- 
ing points  of  which  were  from  1555  to  1725  deg.  C; 
eight  samples  of  bauxite  brick  had  melting  points  from 
1565  to  1785  deg.;  three  of  silica  brick  from  1700  to 
1705  deg.;  one  chrome  brick  gave  2050  deg.  and  one 
magnesia  brick  gave  2165  deg. 

Recording  Analyzers  for  Power  Plants 
By  F.  D.  1I.\ugeu 

Whenever  an  average  American  power  plant  is  visited 
one  cannot  help  but  wonder  why  it  is  that  so  little  is  done 
regarding  the  economical  control  of  boilers  and  furnaces. 

Moat  steam  users  have  been  content  to  leave  the  problem 
of  stoking  entirely  in  the  hands  of  the  firemen,  who 
handled  the  furnaces  guided  only  by  their  "experience.'' 

Even  the  best  fireman  cannot  tell  the  steam  pressure 
carried  without  a  ))ressure  gage.  He  cannot  judge  the 
correct  draft  pressure,  thickness  of  the  firebed,  or  whether 
he  is  feeding  coal  properly,  by  looking  at  his  fire,  any 
more  accurately.  In  many  ways  wo  are  far  behind  the 
times  as  regards  fuel  economy  and  furnace  control. 

The  burning  of  fuel  in  a  furnace  is  purely  a  chemical 
action  and  a  remedy  for  existing  conditions  has  been 
found  and  is  widely  ad()i)(ed  in  Europe,  namely,  the  con- 
tinuous and  automatic  aiuilysis  of  the  products  of  com- 
bustion. 

It  is  not  necessary  (o  have  a  laboratory  in  the  boiler 
house  or  employ  an  ex])ert  chemist  to  see  what  one  is 
doing.    There  arc  instruments  on  the  market,  which  in 
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every  way  are  atcurate  and  reliable,  are  far  beyoiul 
the  experimental  stage  and  are  suitable  for  use  in  the  most 
exposed  positions  in  boiler  plants.  On  several  occasions 
I  have  used  CO,,  and  CO  recorders  and  have  found 
them  capable  of  obtaining  accurate  results  \indcr  Iho  most 
trying  conditions. 

Much  has  been  said  about  CO,  recorders  and  many  may 
have  wondered  whether  they  are  of  any  practical  value. 
They  are  as  indispensable  to  the  working  of  a  boiler  as  the 
sicam-engine  indicator  is  lo  ihc  |Hoi)er  o])oration  of  an 
engine. 

Combustion  of  fuel  involves  a  chemical  nmion  between 
(be  fuel  and  atraospiieric  o.xygen  with  the  subseciuent  re- 
lease of  heat  and  the  I'ormr 'iaii  of  carbonic  acid  gas,  CO., 
which  is  the  ultimate  product.  It  is  evident  that  the 
percentage  of  CO,  present  in  the  exit  gases  must  serve  as 
the  only  important  and  reliable  guide  to  the  control  of  a 
furnace.  The  presence  and  percentage  of  this  CO,  can 
only  be  determined  by  chemical  analysis.  The  table  shows 
the  loss  of  fuel  iu  relation  to  liie  ]H<rcentage  of  CO,  in  the 
exit  gases. 

PcrcentnBoofCO,.16  I.",  11  i:i  12  U  1(1  9  S  J  6  5  4  3 
Lossmfucl,%....10      12      13      H      1.".      16      IS     20     23     20     30     3o     4,)     00 

From  this  it  follows,  that  if  a  low  percentage  of  CO, 
is  discovered  in  the  e.^it  gases,  considerable  heat  is  being 
lost  which  should  be  transmitted  to  the  water  in  the  boiler 
lubes  and  a  high  percentage  of  this  gas  would  indicate  that 
most  of  the  heat  generated  has  been  devcloiied  by  the  com- 
bustion of  any  given  amount  of  fuel.  _ 
For  makers  of  producer  gas,  water  gas,  etc.,  it  is  obvious 
that  the  knowledge  of  the  percentage  of  CO  is  very  im- 
portant, although  a  continuous  record  of  CO  is  not  ahso- 
lutely  necessary  in  common  boiler  house  practice.  -\n 
occasional  test  is  generally  sufficient.  A  CO  recorder 
stands  iu  the  same  relationship  to  a  producer  plant  that 
a  CO,  recorder  does  to  a  boiler  furnace.  Tn  both  cases 
the  percentage  of  gas  analyzed  .should  be  as  high  as  pos- 
sible. Blast-furnace  gases,  coke-oven  gases,  etc.,  are  in 
the  same  category  and  improved  efficiency  may  be  confi- 
dently expected  from  plants  where  analyzing  instruments 
are  installed. 

To  the  thinking  man  it  will  be  appiircnt  that  the  in- 
stallation of  an  effective  instrument  for  fuel  or  gas  i-ontrol 
is  a  paying  investment. 

Pittsburgh  vSmoke  Abatement  League 

The  Smoke  and  l)u>t  -Vbatemeut  League,  in  Pitts- 
burgh, was  organized  Dec.  O  at  a  meeting  of  about  40 
representatives  of  local  civic  organizations.  It  was  de- 
cided to  hold  an  exhibition  at  which  the  evil  done  by 
smoke  will  be  shown,  as  well  as  the  modern  and  ap- 
proved methods  which  have  been  made  available  for  its 
])reveution. 

W.  T.  Todd  was  elected  jircsident  and  ap])oiiitod  the 
following  plan  and  scope  committee,  which  will  suggest 
persons  to  fill  the  other  offices  and  make  arrangements 
for  the  proposed  exhibition:  W.  E.  Snyder,  mechanical 
engineer;  Dr.  A.  A.  Hamerschlag,  of  the  City  Planning 
Commi.ssion :  Dr.  P.  C.  Denner,  of.  the  University  of 
Pittsburgh  :  0.  P.  Hood,  chief  mechanical  engineer  of  the 
United  States  Bureau  of  IMines,  and  Miss  H.  M.  Dermitt, 
secretary  of  the  Civic  Club  of  Allegheny  County. 
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niotliLi-  Stephenson,  of  Elko.  Nev..  quoting  from  the 
■■.\meriean  Machinist."  notes  that  "the  Berliner  Werkzeug- 
masehtnenfabrik  A.  G.  vom  L.  Leutner,  Berlin,  Germany,  has 
built  a  planer  49  ft.  long."  We  were  beginning  to  feel  grateful 
for  this  nugget  of  Information  when  we  met  up  with  this 
trifling  persiflage:  "It  would  have  to  be  that  long  to  carry 
the  name-plate.'"     You  get  old    Steve,  don't  you? 

Just  when  many  cities  have  tacked  up  "No  Smoking" 
signs  and  hired  smoke  inspectors  to  seek  whom  they  may 
devour  in  plants  and  factories,  along  comes  an  artist  of 
European  renown  (whatever  that  is)  who  says:  "Smoke  and 
dirt  tone  down  the  building  outlines  and  give  them  a  soft, 
artistic  color  that  is  pleasing."  Now,  what  do  you  know 
about  that?  Remember  when  your  da,  used  to  tone  down 
your  outlines  when  he  caught  you  smoking  behind  the 
barn?  Don't  put  any  stress  on  this  artistic  bunk;  watch  your 
chimbley,  and  let  science   triumph  over  art  for  once. 

White  marble  is  "bad  for  gravestones,"  says  the  U.  S.  Geo- 
logical Survey  press  bulletin.  We  are  indebted  to  the  bul- 
l.'lin  for  many  little  shop  kinks,  but  in  touchin'  on  grave- 
stones, it  makes  a  grave  mistake.  We  are,  we  hope,  a  long 
way  from  being  tucked  beneath  the  daisies,  so  why  should 
this  pessimistic  investigator  upset  our  mental  equilibrium 
by  intruding  this  dread  information  upon  us?  To  our  mind, 
it's  just  the  other  way:  gravestones  are  bad  for  us!  Thi- 
cutest  little  marble  affair  that  ever  emerged  from  the  quarry 
could  not  tempt  us  personallv  to  use  it.  There  are  times 
when    a    press    censorship    would    be    welcome. 

R.  O.  Richards,  up  to  Frairiingham,  Mass.,  writes  us  that 
he  believes  in  practicing  economy  in  the  plant,  but  when  th. 
chief  insists  on  a  man  opening  the  window  before  looking 
out,  to  save  wear  on  the  glass,  economy  gets  on  one's  nerves. 
Sounds  like  a  paneless  joke? 

Mebbe  you  never  knew  Billy  Blivins,  over  to  Boston?  You' 
know  the  type,  anyway.  Billy  could  lean  up  against  the  rail 
with  ten  other  fellows,  take  ten  "comforters,"  and  go  home 
in  a  fair  state  of  ebriety.  Billy  never  "came  across"  him- 
self. One  day,  however,  hopes  (don't  omit  the  "e,"  lino- 
typer)  ran  high  when  he  apparently  thawed  under  the  in- 
ternal heat  he  was  generating.  He  rammed  his  hand  into  his 
loose-change  pocket,  threw  out  his  thirty-four  chest,  put  one 
foot  on  the  rail,  and  chirped:  "Well,  boys,  what  are  we 
goin'    to    have — rain,    or    snow?" 

•Choosing  a  misfit  vocation  and  lacking  mechanical  intui- 
tion make  most  mechanics  dissatisfied,"  says  a  writer  in  the 
"American  Machinist."  You're  right,  son.  We  once  knew  an 
undertaker  who  was  too  jolly  to  take  his  vocation  seriously, 
and  an  engineer  who  should  have  been  a  housewrecker. 

A  German  scientist  has  double-crossed  Doc.  Osier  by  con- 
tending that  a  man  is  at  his  best  at  50.  Osier  said  40:  that 
at  GO  he  (the  workman)  was  useless.  Why,  you  and  I  know 
-men  who  were  worse  than  useless  at  25.  and  they  lived  up 
to  it  all  their  lives.  On  the  other  hand,  "Leslie's  Weekly"  re- 
cently published  thumbnail  portraits  of  eight  Pennsylvania 
engineers  who  were  over  90,  and  one  was  95!  Any  one  of 
them  looks  fit  to  leap  into  his  cab.  pull  her  wide  open  and 
I  c  fuse  to  slow  down  if  he  saw  old  man  Osier  on  the  track 
just    ahead    of   the   engine. 

A  stream  of  some  three  hundred  million  dollars  flowed  into 
Charity  reservoir  during  1912.  Well,  its  one  of  the  best  built 
reservoirs  within  our  ken,  and  has  had  no  very  bad  leaks 
or  breaks.  There  may  come  times  when  we  will  wish  that 
the  "riparian  rights"  had  been  granted  to  more  deservi 
consumers,  but  doubtless  this  stream  will  flow  out  again 
much  less  rapidly,  screened  of  the  fungi  of  greed  and  dis- 
tilled   of    its    impurities. 

Whoops  and  bangs  rose  loudly  above  all  the  other  noise.=i' 
in  the  plant,  and  everybody  looked  toward  the  outside  door 
Horan.  the  chief,  sent  Doran  out  to  find  the  reason.  "All 
right,  chief.'  said  Doran  on  his  return  from  the  yard:  "it's 
only  Kelly.     He's  breaking  his  New  Year's  resolutions!" 

Sometimes,  in  his  eagerness  to  impress  his  prospective 
employer,  the  applicant  overdoes  it.  Jimmy  Bates  did.  H. 
wanted  a  job  firing  and  tackled  the  chief.  "I'm  strong 
willing  and  able  to  do  a  big  day's  work."  The  chief  saiO 
nothing.  "Why."  said  Jimmy.  "I  can  do  as  much  as  my  i 
man  and  my  brother  together.  You  know  them,  chief,  they're 
firin'  for  you  now."  "You  can.  eh?"  snapped  the  chief:  "come 
to  work  in  the  morning.  I'll  fire  the  old  inan  and  yc 
brother.      You    can    take    their    places." 
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New  York  Engineers'  Entertainment  and 
Reception 

The  combined  associations  of  the  National  Association  of 
Stationary  Engineers,  of  Manhattan  and  the  Bronx,  held  a 
large  open  meeting  and  entertainment  on  Friday,  Dec.  27, 
in  the  Engineering  Societies  Building,  New  York  City,  where 
a  reception  was  tendered  to  National  President  John  F.  Mc- 
Grath;  National  Vice-president  James  R.  Coe;  National  Sec- 
retary Fred  W.  Raven;  National  Treasurer  Sam  B.  Force; 
National  Trustees  Reynolds,  Kerley  and  Brownhill,  Past  Na- 
tional President  Edward  F.  Kearney,  and  other  national  of- 
ficers. This  is  the  first  time  in  the  history  of  the  national 
association  that  so  many  of  the  national  officers  were  enter- 
tained under  one  roof,  coming  as  they  did  from  all  parts  of 
the   country. 


results  through  a  policy  of  mental  suggestion,  accompanied 
by  means  for  establishing  and  fostering  individual  respon- 
sibility. 

The  book  is  divided  into  eight  chapters;  The  Unit  System 
on  the  Harriman  Lines;  Operation  of  the  Unit  System; 
Broadening  of  the  Ideals  of  Line  Supervision;  Over-specializa- 
tion; Fallacies  of  Accounting;  Supplies  and  Purchases;  Line 
and   Staff;    Genesis    and    Revelation    of   Organization. 

The  necessity  of  training  subordinates  is  emphasized  by 
the  statement  that  "The  best  experts  are  those  who  can  im- 
part  a    working    knowledge    to    the    layman." 

One  aim  of  the  system  is  to  free  executives  from  detail, 
so  that  under  the  changed  conditions  "more  energy  is  now 
expended  in  seeing  that  instructions  already  issued  are  car- 
ried out."  An  important  feature  is  the  recognition  of  the 
desirability  of  promoting  personal  relations  throughout  the 
entire    organization. 


'"TiiK  Gkaxd  March"  of  the  X.  A.  S.  E.  Xew  York  City  Exgixeers 


The  addresses  of  the  officials  were  on  the  welfare  of  the 
association,  and  were  well  received  by  a  large  and  enthusi- 
astic audience.  The  entertainment  provided  during  the 
evening  was  furnished  by  Herbert  Self,  Joe  McKenna.  Billy 
Murray  and  Jack  Armour. 

On  Dec.  2S,  at  Terrace  Garden,  the  associations  held  what 
was  undoubtedly  the  largest  and  most  successful  ball  ever 
given  under  N.  A.  .S.  E.  auspices.  The  decorations  were  un- 
usually artistic.  Fourteen  past  national  presidents  attended 
and   at    the    close    a    supper    was    given    the   grand    officers. 

The  general  committee  was  composed  of  Robert  Johnson, 
chairman;  Lorenzo  S.  Evcrson,  vice-chairman;  William  M. 
Logan,  treasurer;  Frederick  Felderman,  secretary,  and  40 
members  from  the  10  combined  associations.  Seven  numbers 
on  the  entertainment  program  were  furnished  by  profes- 
sional favorites  from  the  vaudeville  stHKe  and  were  much 
enjoyed. 


NEW     PUBLICATIONS 


MODERN    ORGANIZATION.      By    Charles    UeLano    Illnc-.      The 

ICnglneering    Magazine    Co.,    New    York    City,    N.     V.       11" 

pages;    5x7'/^    In.;    not    indexed.      Price.    $2. 

This    book    is    the    latest    addition    to    the    Works    .Manage- 

nl    Library.      The    matter    originally    appeared    in    "The    En- 

I icrlng  Magazine,"  from  January  to  July.   1912. 

V.I  Major  Mine's  work  has  been  on  the  Harriman  Lines,  the 

:ippllcatlon    of    his    doctrine    has    been    to    railroad    activities. 

Although    very    little    detail    of    application    and    results    are 

given,    the    use    of    the    system    apparently    involves    but    slight 

ph>'sical    change    in    the    organizat i«in.      It    rather    reaches    its 


COAL;  ITS  COMPOSITION.  ANALYSIS,  UTILIZATION  AND 
VALUATION.  Bv  E.  E.  Soraermeier.  McGraw-Hill  Book 
Co..  New  Y'ork  City.  Cloth;  175  pages;  6»ix9V4  in.;  8  il- 
lustrations.     Price,   $2. 

To  acquaint  especially  the  mechanical  and  power-plant 
engineer,  the  chemist  and  the  non-technically  trained  man 
and  operator  with  the  purchase  and  selling  of  coal  is  the 
purpose    of    this    book. 

It  begins  by  treating  the  subject  of  the  constituents  of 
coal  and  the  calculation  of  the  heat  value  by  proximate  analy- 
sis. The  paragraph  in  Chapter  1  on  "Moisture"  is  instructive 
and  very  practical.  Chapter  III,  on  "Sampling"  should  be 
read  by  all  who  purchase  coal  on  the  heat  value  basis.  Rela- 
tive to  securing  a  representative  sample  the  author  says: 
"Too  much  emphasis  cannot  be  laid  on  the  importance  of 
care  and  thoroughness  in  taking  and  handling  the  sample  on 
which  the  chemical  results  are  to  be  obtained."  Again, 
"  .      .  as    much    or   more    time   or   money    may   be   expended 

In   securing  a   sample   as   is   expended    in   having   It   analyzed." 

Methods  of  coal  analysis  are  then  taken  up  and  followed 
by  directions  for  the  determination  of  the  calorific  value  of 
fuel.  The  next  chapter  discusses  the  possibilities  of  getting 
rid  of  the  sulphur  pyrite  in  Hake  or  lump  form  by  wiishlng 
the    coal. 

The  chapter  on  the  "Purchase  of  Co.il  iitidir  Specification" 
contains  Interesting  abstracts  of  the  specifications  of  some 
large  cities  as  quoted  from  the  "Municipal  Journal."  The 
author  advises  paying  premiums  or  bonuses  on  coals  that  are 
better  than  specifications  call  for  and  also  believes  that  a 
penalty  should  be  Imposed  on  a  seller  if  the  coal  Is  below 
the    specified    grade. 

The  book  Is  concluded  by  a  chapter  on  flue-gas  analysis 
and    a    number    of    analytical    tables    of    many    kinds    of    coal. 

This    book    should    prove    especially    useful    to    power-plant 
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MECHANICAL  EQUIPMENT  OP  FEDERAL  BUILDINGS  By 
Nelson  S.  Thompson.  Second  revised  edition.  Williams 
&  Wilklns  Co.,  Baltimore.  Md.  Cloth;  6x9  in.;  272  pages. 
Price,    ?2. 

The  purpose  of  this  book,  written  by  the  chief  mtchanical 
and  electrical  engineer,  Otflce  of  the  Supervising  Architect, 
Treasury  Department,  is  to  set  forth  the  basic  data  used  In 
designing  the  mechanical  equipment  for  all  buildings  under 
the  control  of  the  Treasury   Department. 

As  this  book  goes  so  thoroughly  into  the  speciflcatlons, 
costs,  tests,  requirements  and  merits  of  the  various  kinds  of 
mechanical  equipment  for  federal  buildings,  the  most  the 
reviewer  can  do  is  to  enumerate  the  classiflcation  of  such 
equipment,  which  is  as  follows:  Heating  and  ventilation; 
plumbing,  drainage  and  water  supply;  gas  piping;  conduits 
and  wiring  systems,  including  telephone  and  watchman  and 
time-clock  system;  lighting;  elevators;  small  power  plants; 
motors  and  controlling  apparatus;  vacuum  cleaning  systems 
and  operating  data.  The  appendix,  which  comprises  72  pages, 
contains  two  papers,  one  on  "Commercial  Practice"  in  regard 
to  factory  heating  and  forced  hot  water  circulation  systems, 
■by  H.  C.  Russell,  and  the  other  on  "Heating  by  Forced  Cir- 
culation of  Hot  Water  from  a  Central  Station,"  by  Leon  A. 
Warren. 

The  last  chapter  of  the  appendix  on  "Suggestions  to  Su- 
perintendents" is  of  great  value,  not  only  to  superintendents 
<if  federal  buildings  under  erection,  but  to  those  In  charge  of 
"the  installation  of  the  mechanical  equipment  in  any  building, 
particularly   an   office   building. 

'  One  thing  noticeable  about  this  book  is  the  practical  man- 
Tier  in  which  all  of  the  many  branches  of  equipment  are 
treated.  They  are  dealt  with  just  as  a  practical,  strictly  busi- 
ness-like consulting  engineer  should  carry  on  his  work- 
simply   and   thoroughly. 

.'  While  the  book  is  most  valuable  to  those  connected  with 
t{ie  office  of  the  Supervising  Architect  of  the  Treasury  De- 
partment, all  contracting  and  consulting  engineers  as  well 
as  architects  will  find  it  useful.  The  book  also  abounds  in 
■h'elpful  Information  for  operating  engineers  of  office  building 
plants. 


West  Penn    Electric  Banquet 

Covers  were  laid  for  56  persons  at  the  fourth  annual  ban- 
quet of  the  West  Penn  Electric  Co.,  held  in  the  New  Zim- 
merman House,  Greenburg.  Penn.,  Dec.  11,  1912.  The  regular 
monthly  meeting  was  held  in  the  hotel  parlors  at  11  a.m., 
previous  to  the  banquet.  W.  R.  Kenney,  superintendent  of 
lighting,  presided  over  the  first  period,  later  turning  the 
meeting  over  to  District  Superintendent  William  Snite,  when 
papers  were  read  by  E.  I.  Barnard  on  "Electric  Motors  vs. 
Gas  Engines."  and  L.  T.  Jackman  on  "Meter  Reading  and  Dis- 
trict Work."  1 

The  dining-room  decorations  bore  out  the  holiday  spirit, 
and  a  concealed  orchestra  furnished  "exceUent  music  for  the 
I>anqueters. 

With  Mr.  Kenney  as  toastmaster,  responses  were  made 
among  others  by  E.  D.  Dreyfus,  statistician;  H.  P.  Chambers, 
superintendent  of  lighting;  T.  S.  Henderson,  manager  of  the 
new  business  department,  of  the  Pittsburgh  office;  F.  A. 
Moesta,  district  superintendent  at  Kittanning,  and  W.  S.  An- 
derson,  chief   clerk   of   the   Connellsville   office. 


vSeventh  Annual  Banquet  of  the  vSouthern 
Power  Co. 

The  seventh  annual  banquet  of  the  Southern  Power  Co. 
and  allied  interests  was  recently  held  in  the  auditorium, 
Charlotte.  N.  C.  about  500  guests  being  present,  including 
Dr.  W.  Gill  Wylie.  vice-president,  and  R.  B.  Arrington.  sec- 
retary-treasurer, from  New  York,  the  local  officers  and  those 
resident  at  Spartanburg.  Greenville,  Anderson  and  other 
points  in   South   Carolina. 

Vice-president  W.  S.  Lee  acted  as  toastmaster.  After  the 
banquet  he  happily  introduced  each  speaker,  and  urged  that 
all  present  consider  themselvs  members  of  one  big  family. 
Telegrams  of  congratulations  were  read  from  J.  B.  Duke, 
president  of  the  Southern  Power  Co.;  B.  N.  Duke,  vice-presi- 
dent; J.  M.  Bradshield,  and  John  Frazier,  Hobart,  Tasmania. 
Mr.  Frazier  recently  went  from  the  local  offices  to  Tasmania 
to  construct  a  large  hydro-electric  plant  for  the  British  gov- 
ernment. 

Dr.  Wylie.  the  first  president  and  founder  of  the  South- 
ern Power  Co.,  as  the  principal  speaker,  delivered  an  inter- 
esting address  reminiscent  of  his  early  interest  in  the  de- 
velopment of  water  power  on  the  Catawba  River  and  of  the 
early  days  of   the   Southern  Power  Co. 


Following  Dr.  Wylic's  address  the  lights  were  turned  out, 
and  on  a  screen  at  the  rear  of  the  auditorium  was  shown 
one  of  the  company's  power  plants  on  the  Catawba  River. 
The  electric  lights  gleamed  through  the  "windows  of  the  struc- 
ture on  a  storm-ridden  night,  forked  and  zigzag  lightning 
flashed  through  make-believe  clouds  in  a  startllngly  realistic 
manner  and  torrential  rain  descended.  The  climax  of  the 
scene    was    the    wrecking    of    a    transformer. 

A  parody  on  "Alexander's  Rag  Time  Band"  by  a  doubU* 
quartet  was  one  of  the  decided  hits  on  the  program.  The 
singers,  equipped  as  a  lineman's  crew,  paraphrased  the  rag- 
time melody  into  the  vocal  declaration  that  the  Southern 
Power    Co.    was    the    grandest    in    the    land. 


PERSONALS 


R.  Bowen,  for  some  time  past  the  general  sales  manager 
of  the  Epping-Carpenter  Co.,  Pittsburgh,  Penn.,  has  been 
promoted  to  the  position  of  general  manager  of  that  com- 
pany. 

C.  E.  Harrison  has  resigned  as  chief  engineer  of  the  Bell 
Telephone  Co.,  Pittsburgh.  Penn.,  to  enter  the  consulting  field. 
His  work  will  include  power-plant  design,  erection,  testing 
and    supervision.       His    address    will    be    3821    California    Ave. 

Frank  R.  Brosius.  for  the  past  ten  years  supervising  en- 
gineer for  the  Columbus  Ry.  &  Light  Co.,  resigned  on  Jan. 
1,  to  assume  a  similar  position  with  A.  B.  Leach  &  Co.,  of 
New  York,  at  Cincinnati,  as  supervising  engineer  of  the 
power  stations  of  the  Cincinnati  and  Covington  traction  in- 
terests of  that  company.  Mr.  Brosius  is  a  graduate  of  the 
State  School  for  Soldiers'  and  Sailors'  Orphans,  at  Xenia.  He 
has  been  active  in  the  organization  of  the  local  branch  of  the 
National  Association  of  Stationary  Engineers,  and  at  its  last 
meeting  that  organization  adopted  resolutions  expressing 
their  esteem  for  him  and  their  regret  that  he  is  now  to  with- 
draw from  the  local  organization.  Mr.  Brosius  won  the  sec- 
ond prize  offered  by  Power,  Dec.  26,  1911,  for  the  best  prac- 
tical  article   on    "Running   a   Ttjpbine." 

Capt.  Charles  11.  Manning,  for  more  than  thirty  years  su- 
perintendent of  the  mechanical  and  engineering  departments 
ot  the  Amoskeag  Manufacturing  Co.,  has  resigned  because 
of  ill  health.  Capt.  Manning  is  recognized  among  engineers  as 
a  high  authority  on  steam,  and  the  plants  of  the  Amoskeag 
company  testify  to  his  engineering  skill.  He  has  been  as- 
sociated with  such  engineers  as  Haswell,  Isherwood,  Kafer. 
Loring,  Melville  and  Thurston,  and  is  known  to  steam  en- 
gineers throughout  the  country.  Capt.  Mannine;  was  born  in 
Baltimore,  Md.,  June  9.  1S44.  His  early  education  was  re- 
ceived in  Baltimore  and  Cambridge,  Mass..  and  in  1860  he 
entered  the  Lawrence  Scientific  School  of  Harvard  University 
to   study   civil    engineering. 

In  1861  he  returned  to  Baltimore,  and  became  an  appren- 
tice in  the  Reeder  marine-engine  works.  In  1863  he  was 
appointed  third  assistant  engineer  of  the  navy,  where  his 
knowledge  and  comprehensive  grasp  of  scientific  matters 
brought  him  to  the  attention  of  Chief  Engineer  Isherwood, 
who  assigned  him  to  the  making  of  experiments  on  super- 
heating steam  on  the  "Adelaide"  and  other  vessels.  In  1870, 
Capt.  Manning  became  an  instructor  at  the  Naval  Academy 
and  helped  organize  a  course  of  instructions  for  cadet  en- 
gineers, which  is  one  of  his  most  valuable  achievements.  He 
was  a  member  of  the  first  advisory  board  in  1881,  which 
prescribed  the  first  -general  characteristics  of  the  warships 
of  what  was  termed  the  new  navy,  and  was  the  only  engineer 
to  vote  for  steel  vessels.  After  12  years  of  continuous  duty 
Re  became  mechanical  engineer  of  the  Amoskeag  Manufac- 
turing Co.  During  the  Spanish-American  war  he  was  sta- 
tioned at  Key  West  as  chief  engineer  of  repairs.  Capt. 
Manning  had  charge  of  all  the  Amoskeag  company  power 
plants,  and  was  the  architect  and  builder  of  the  recently 
completed  Coolidge  mill.  The  steam  units  there  Installed 
have  65,700  nominal  boiler  horsepower,  all  of  Capt.  Manning's 
design.  In  1SS5  Capt.  Manning  designed  and  installed  a 
2000-hp.  horizontal  water  turbine,  the  first  large  installation 
of  its  kind.  He  also  designed  a  30-ft.  flywheel,  with  a  face 
of  108H  in.  and  a  thickness  of  12  in.  This  rim  was  made 
up  of  40  rings  of  ash.  Capt.  Manning  has  been  consulting 
engineer  for  several  other  large  mills.  He  is  a  past  vice- 
president  of  the  American  Society  of  Mechanical  Engineers, 
a  member  of  the  Army  and  Navy  Club  of  New  York,  American 
Society  of  Naval  Engineers,  United  States  Naval  Institute, 
American  Society  of  Naval  Architects  and  Marine  Engineers, 
American  Association  for  the  Advancement  of  Science  and 
the  American  Society  of  Cotton  Manufacturing. 
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Two  Ways  of  Giving  Instructions 


A  GRUFF  "CALL  DOWN"  ACCOMPLLSHEvS  LESS  THAN  AN  EXPLANATION. 
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Difficulties  of  a   Mechanical  Engineer 


By  G.  H.  Leavertox 


SYSOPSIS — After  being  engaged  to  prepare  plans  for 
needed  improvement  the  superintendent  w  found  to  be 
hostile  and  the  president  looks  on.  Uneconomical  con- 
ditions were  finally  eliminated  under  the  direction  of  a 
new  superintendent. 

That  the  value  of  a  power  plant  decreases  and  the  oper- 
ating and  maintenance  charges  increase  very  rapidly 
through  the  lack  of  cooperation  of  the  several  heads  of 
departments  of  a  concern,  is  well  known  to  mechanical, 
consulting  and  operating  engineers. 

The  mechanical  engineer,  by  virtue  of  his  technical 
training  and  general  experience,  is  capable  of  intelligently 
outlining  and  inaugurating  economical  methods  and  in- 
stalling the  proper  equipment.  As  an  illustration  of  the 
fallacy  of  placing  technical  power-plant  matters  in  the 
hands  of  nontechnically  experienced  men,  as  well  as  the 


Fig.   1. 


PiPixG  Where  Elbow 
Wore  R.\pidlt 


lack  of  cooperation  between  the  different  departments, 
an  experience  of  the  writer  is  given  herewith. 

Hostile  Sdperiktendext 

Shortly  after  entering  the  employ  of  a  certain  concern 
as  mechanical  engineer,  I  was  instructed  by  the  president 
to  prepare  a  report  on  one  of  their  several  power  plants 
which  he  thought  could  be  greatly  improved  and  more 
economically  operated. 

Plans  were  prepared  and  approved  by  the  vice-presi- 
dent, and  upon  his  recommendation  the- president  ordered 
the  superintendent  to  proceed  with  the  alterations  and 
new  installations.  The  superintendent  after  looking  them 
over   went   to   the   president,   who   hardly   knew   a   con- 


denser from  a  feed-water  heater,  and  proceeded  to  find 
fault  with  all  of  the  contemplated  alterations.  The  su- 
perintendent woidd  not  cooperate  with  the  engineering 
office  and  the  president  would  not  make  him,  so  the  im- 
provements were  held  up  imtil  the  superintendent  re- 
signed, and  his  successor,  a  man  with  technical  training, 
saw  the  need  of  such  improvements  and  proceeded  to  in- 
stall them  in  accordance  with  the  plans  already  pre- 
pared. 

Heating  the  Feed  Water 

The  plant  consisted  of  two  500-lip.  condensing  engines, 
one  of  which  was  in  continuous  operation,  and  700  hp.  in 
boilers.  There  were  three  boiler-feed  pumps,  two  being 
piped  to  small  individual  tanks,  which  acted  as  open 
feed-water  heaters. 

The  feed  pumps,  vacuum  pumps  and  other  auxiliaries 
exhausted  into  these  tanks,  thereby  heating  the  feed  wa- 
ter. The  pumps  were  on  a  level  with  the  tanks,  and  fre- 
quently got  steam  bound,  which  necessitated  cooling  the 
water  before  it  could  be  handled.  Then,  to  further  heat 
it  after  leaving  the  feed  pumps,  it  was  pumped  through  a 
home-made  closed  heater. 

The  large  engines  were  steam  jacketed  and  the  steam 
was  originally  trapped,  but  the  station  engineer  had  by- 
passed the  trap  and  run  the  jacketing  steam  to  the  closed 
heater,  thence  to  a  storm-water  sewer,  without  a  trap  in 
the  line.  Several  drip  lines  from  the  main  steam  header 
were  also  run  to  this  heater  without  being  trapped.  As 
the  steam  had  an  unrestricted  passage  through  the  jack- 
ets and  the  heater  to  the  sewer,  vapor  was  caused  to  arise 
from  various  sewer  inlets.  To  prevent  this  evil  a  jet  con- 
denser arrangement  was  constructed  to  condense  the 
steam. 

Pipe  'A,  Fig.  1,  shows  the  line  conducting  the  jacket 
steam  to  the  heater.  Owing  to  the  high  velocity  attained, 
the  45-deg.  elbow  kept  continually  cutting  through  and 
had  to  be  renewed. 

Xew  Heater 

The  new  arrangement  provided  for  a  standard  make  of 
open  feed-water  heater  of  ample  proportions,  placed  above 
the  feed  pumps  at  a  sufficient  height  to  insure  a  constant 
head  of  water,  thereby  preventing  them  from  getting 
steam  bound.  All  of  the  high-pressure  drips,  jacket  steam 
and  the  like,  all  trapped,  were  discharged  into  the  new 
heater.  There  was  also  a  dynamo  engine,  operating  at 
night  only,  which  had  been  exhausting  to  the  atmosphere ; 
this  exhaust  was  also  taken  to  the  heater. 

In  Fig.  2  are  shown  the  tanks  at  the  feed  pumps  and 
in  Fig.  3  the  numerous  pipe  lines  in  the  station.  Steam 
or  water  pipe  was  duplicated  t\vt)  or  three  times  to  no  pur- 
pose whatever.  If  the  engineer  wanted  to  shut  ofl  any 
particular  line  or  unit  he  had  to  follow  it  along  its  nu- 
merous and  devious  repetitions  to  find  which  valves  to 
operate.  The  .slovenly  and  careless  method  of  running 
piping,  shown  so  clearly  in  Fig.  3,  is  only  an  average 
sample  -of  the  care  that  this  whole  station  received.  All 
of  this  was  done  away  with  and  a  simple  and  systematic 
layout  of  both  steam  and  water  piping  was  put  in. 
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P> LOWING  Down  Boilers 
Auothei"  great  source  of  waste  was  in  the  method  of 
blowing  (.lown  the  boilers.  It  was  the  custom  to  blow 
dowu  six  times  in  24  hr.  A  simple  calculation,  based  on 
the  amount  blown  down  each  time  and  using  a  lower 
heat  rating  of  the  coal  than  was  actually  obtained,  showed 
that  it  took  approximately  500  tons  of  coal  per  year  to 


tee-cock  in  the  blowoflE  line.  This  1  considered  positively 
dangerous  -to  both  the  boiler  and  the  employees.  I  have 
seen  the  fireman  take  a  'i-it.  lever  handle  and  open  these 
cocks  as  quickly  as  possible,  little  realizing  the  enormous 
water-hammer  on  the  piping  that  was  produced.  I  often 
wonder  why  an  elbow  or  other  part  did  not  give  way. 
The  superintendent  again  objected  to  any  change  here 


Fig. 


Piping  above  Tank 


heat  this  water  blown  out.  This  could  easily  have  been 
cut  down  to  200  tons  per  year,  as  upon  inquiry  among 
other  firms  using  identically  the  same  feed  water  it  was 
only  necessary  to  blow  down  twice  in  24  hours. 

This  was  objected  to  by  the  superintendent,  who  claim- 
ed that  the  boilers  would  scale  badly,  in  spite  of  all  the 
proofs  offered  to  the  contrary  from  other  reliable  firms 
operating  under  similar  conditions. 

The  water  normally  is  not  a  scaling  water,  yet  they 
were  using  a  compound  at  the  rate  of  1  lb.  per  10,000 
gal.  when  y^  lb.  was  ample.     The  boilers  had  a  single 


Fig.  3.    A  Tangle  of  Piping 

as  a  needless  expense,  claiming  that  they  never  had  any 
accidents  and  he  "guessed"'  they  never  would. 

The  total  cost  of  all  the  alterations  and  improvements 
did  not  exceed  $2500,  and  the  station  could  have  saved 
this  amount  in  reduced  expense  in  about  one  year. 

The  other  two  plants  of  the  concern  were  in  far  better 
condition  than  the  one  in  question,  and  showed  the  char- 
acter and  ability  of  their  respective  engineers,  who  were 
not  only  willing,  but  anxious  to  have  the  improvements 
made,  and  they  cooperated  with  the  engineering  oifice  as 
far  as  was  possible. 


"Keeping  Tab"  in  Industrial  Plants* 


By  p.  Lundeby 


SYNOPSIS — Some  suggestions  as  to  the  best  manner 
of  recording  facts  and  data  concerning  power-plant  op- 
eration which  should  prove  valuable  to  those  desiring  to 
establish  a  system  of  record  keeping. 

In  operating  engineering  the  former  goodly  ainounl  of 
guesswork,  as  to  results  obtained,  is  giving  way  to  re- 
liable (lata  arrived  at  by  a  thorough  system  of  "keeping 
tab"  on  every  ])hase  of  operation. 

'I'lie  chief  engineer,  being  given  the  rc>|ii)ii>il)ility  ;iiid 
power  to  act,  should  gather,  from  the  first  day  he  as- 
sumes charge,  accurate  information  about  all  machinery 
and  apparatus  under  his  charge  and  file  it  for  future  use. 
He  >li(iul(l  ;iini  :il  ddiiiitc  ami  aiciirntc  data  for  two 
|iin|M,>cs:  onr  Id  (Iclcriiiiiic  wilboiit  delay  matters  per- 
taining to  the  maintenance,  (i|ici:ii  jcm  and  efficiency  (if 
any  machine  when  required,  the  oilni'  to  deternniK^  tlic 
co.st  j)er  unit  of  steam,  electricity,  air,  water,  etc. 

The  first  will  include  all  principal  dimensions  of  the 
boilers,   chimney,   engines,   generators.     pumi)s   and     all 

'Rparl  before  the  second  annual  mootlnB  of  the  Institute  of 
DperatlnK    Kn^iiK-.i-.s.   N.'w   York    flty.    Sept.    fi   and    7.    1!I12. 


working  machinery,  also  the  sizes  and  style  of  all  packing. 
Valves,  correctly  set,  .should  be  trammeled,  and  the  cor- 
rect clearance  at  both  ends  of  cylinders  recorded. 

On  installing  new  machinery,  the  results  of  the  initial 
trials  should  be  recorded,  and  filed  for  reference.  Du- 
plicate copies  of  these  results  should  also  be  made.  It  is 
of  value  to  know  the  conditions  under  which  a  boiler, 
engine,  pump  or  other  apparatus  worked  when  new,  for 
<(>mparison  with  later  tests  and  trials.  The  engineer  can 
also  increase  the  efficiency  of  the  men  and  thereby  the 
]ilnnt,  in  establishing  a  system  of  daily  reco7'ds  kejit  by 
the  men  in  charge  of  the  various  departments,  dealing 
with  every  important  factor  relating  to  the  e(|uii>ment 
they  are  handling. 

These  data  are  essential  as  ihe  very  iiasis  on  which 
til  anive  at  the  real  results  obtained.  Equally  import- 
ant is  the  continuous  record  of  the  feed-water  temjiera- 
l\irc.  An  in.sertcd  thermometer  in  Ihe  feed  line  will 
make  this  easy.  An  intelligent  chief  fireman,  given  the 
necessary  devices,  will  usually  interest  himself  in  .secur- 
ing all  this  information,  as  it  adds  to  the  feeling  of  re- 
sponsibility and  porlia]is  dignity.     TTe  should  record  at  in- 
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tervals,  the  temperature  of  the  flue  gases  as  well  as 
readings  of  the  draft  gage,  the  time  each  boiler  has 
been  in  operation,  when  cleaned  and  inspected,  and  any 
defects,  leaks,  etc.,  discovered.  The  periodical  visit  of 
the  boiler  inspector  should  be  welcomed  and  of  interest 
and  benefit  as  well  to  the  chief  fireman  as  to  the  chief 
engineer,  and  his  advice"  considered  by  both. 

The  watch  engineer  should  fill  out  a  form,  giving  all 
necessary  information  about  the  conditions  under  which 
the  machinery  under  his  care  is  working.  Here  is  where 
recording  instruments  are  valuable.  Knowing  that  there 
will  be  a  curre  to  tell  the  tale,  will  tend  to  keeping  all  the 
equipmgiit  well  cared  for.  Recording  instruments  are  es- 
peeially^valuable  where  operation  is  continuous  day  and 
night.  AVhere  a  number  of  different  departments  use 
watet,  steam  and  electricity  for  manufacturing  generally 
me^riug  the  consumption  of  each  department  will  pay. 
>  the  "keeping  tab"  must  be  progressive.  Beginning  in 
the  boiler  room,  detailed  information  should  be  gathered 
from  the  various  departments,  to  which  the  output  of  the 
pdwer  plant  is  being  distributed. 

to  the  cost  per  boiler  horsepower-hour  must  be  added 
the  cost  of  operation  of  the  boiler  room,  materials,  re- 
pairs and  maintenance,  the  proportional  amount  of  ad- 
ministration expenses  and  interest,  as  well  as  a  fair  per- 
centage of  depreciation  of  buildings  and  eciuipment.  By 
intelligent  use  of  the  indicator,  the  consumption  of 
steam  of  the  various  engines  and  generators  will  be  ar- 
rived at,  and  fairly  accurate  constants  determined  to 
simplify  the  daily  calculation  of  the  amount  of  steam 
u.sed  per  xmit  of  the  output  as  kilowatt-hours,  tons  of  re- 
frigeration and  cubic  feet  of  air  and  water  per  brake 
horsepower-hour.  To  these  items  must  be  added  the  cor- 
rect proportion  of  the  several  expense  burdens. 

Record  keeping  will  be  made  easier  by  using  printed 
blanks  for  all  purposes,  all  aiming  at  the  finished  result 
at  the  end  of  the  month,  when  a  resume  of  the  daily  log, 
in  concise  form,  should  be  submitted  to  the  manager's 
office.  There  is  a  daily  education  in  '"keeping  tab,"  the 
value  of  which  has  rarely  been  appreciated  by  employer  or 
operator.  The  latter  will  find  that  the  more  means  and 
devices  he  equips  the  plant  with  for  this  purpose,  the 
more  he  realizes  how  little  he  really  knew  before,  and  how 
throwing  light  on  one  subject  will  usually  lead  to  the  dis- 
covery of  another  hitherto  unnoticed  source  of  waste. 

All  the  monthly  record  sheets  should  be  filed  from 
month  to  month  and  year  to  year  for  comparison.  In 
plants  where  many  electric  motors  are  used,  readings 
.should  be  taken  at  intervals,  or  when  undue  sparking  and 
heating  occurs,  to  see  that  they  do  not  carry  depredatory 
overloads.  A  water  meter  furnishes  an  excellent  check  on 
the  proper  working  of  a  pump,  its  capacity  when  installed 
being  known.  To  check  the  meter  on  the  feed-water 
line  some  means  should  be  provided.  If  the  pumps  get 
fhe  water  from  a  tank,  the  volume  being  known,  read- 
ings of  the  meter  and  fall  of  the  water  level  in  the  tank 
may  be  taken  simultaneously  for  comparison.  If  inac- 
curacy exists  the  amount  it  represents  should  be  added 
or  deducted  from  the   daily  meter  readings. 

To  determine  the  efficiency  of  condensing  plants  and 
cooling  towers,  temperatures  should  be  taken  of  water 
entering  and  leaving  the  towers,  preferably  by  providing 
the  pipes  with  inserted  thermometers.,  Often  an  undue 
amount  of  waste  is  taking  place  here,  and  considerable 
economy  may  be  obtained  by  proper  investigation   and 


experiments.  Where  scale-forming  water  is  used,  pip- 
ing must  not  be  allowed  to  scale  too  heavily,  as  this  will 
soon  reduce  the  capacity  and  increase  the  friction  head 
on  the  pumps.  Another  item  often  unheeded  is  the 
wasted  exhaust-steam  from  the  pumps,  small  engines, 
traps,  etc.,  which  might  be  profitably  used  in  heating 
feed  water.  Record  keeping  reveals  all  these  losses.  The 
top  of  the  smoke-stack,  while  not  a  CO^  recorder,  affords 
a  persistent  indicator  of  the  management  of  the  fires. 

In  large  industrial  plants  having  a  machine  shop  for 
making  repairs  and  changes,  a  technical  a.s"sistant,  as 
draftsman,  if  added  to  the  force,  shoidd  be  entrusted  with 
the  keeping  of  the  operation  records  and  the  supervision 
of  all  recording  or  indicating  devices.  Plants  of  this 
kind  covering  large  areas  often  have  a  network  of 
underground  piping,  an  accurate  plan  of  which  is  es- 
sential. It  should  be  kept  uptodate  by  drawing  in  new 
lines  and  eliminating  old  ones,  new  prints  being  made 
when  any  marked  alterations  have  taken  place.  This 
will  save  much  trouble  and  labor. 

It  is  worth  the  expense  to  make  a  graphic  chart,  di- 
viding the  year  int6  quarters,  these  into  months  and 
these  again  into  days,  showing  a  continuous  curve  of 
fuel  consumption,  evaporation  of  water  and  output  of 
products.  It  tells  an  interesting  story  at  the  end  of  the 
year.  These  may  be  traced  and  prints  made  for  the 
engineers  and  manager's  office. 

A  wide-awake  engineer,  knowing  every  detail  about  his 
plant,  seeing  its  weaknesses  and  possibilities,  and  daily 
studying  and  learning  new  facts  and  features  of  its  va- 
rious branches  will  prove  himself  to  the  manager,  as  the 
best  consulting  engineer  he  could  employ. 

River  Water  Used  Eight  Times 

Power  can  be  developed  upon  many  surface  streams  and 
applied  to  the  recovery  of  the  water  of  the  streams  after 
it  has  sunk  into  the  earth  in  the  lower  valley  lands. 

An  instance  of  this  character,  according  to  the  United 
States  Geological  Survey,  is  to  be  found  along  Santa  Ana 
River  in  southern  California.  A  part  of  the  water  is 
stored  in  a  reservoir  in  the  San  Bernardino  Mountains 
and  the  flow  of  the  stream  is  thereby  regulated.  After  it 
escapes  from  the  reservoir  it  is  diverted  through  a  power 
plant  and  electric  power  is  generated.  Below  this  power 
plant  it  is  rediverted  and  passed  through  a  second  power 
plant.  Below  this  it  is  all  distributed  and  used  by  cities 
or  for  irrigation  about  Redlands  and  Highlands. 

The  waters  that  return  from  the  irrigation  arc  re- 
covered in  springs  and  flowing  wells  and  by  pumping 
plants,  a  part  of  the  power  developed  higher  up  on  the 
stream  being  used  for  the  pumping.  This  recovered  water 
is  used  for  irrigation  about  San  Bernardino  and  River- 
side. A  part  of  it  reappears  in  the  river  above  Riverside 
Xarrows,  where  it  is  again  taken  out  into  a  power  ditch 
whose  waters  are  returned  to  the  river  above  Corona.  A 
few  miles  below  it  is  picked  up  by  canals  and  distributed 
to  the  orange  and  deciduous  groves  about  Anaheim  and 
Santa  Ana.  The  part  of  it  that  returns  there,  by  irri- 
gation, to  the  ground  water  is  once  more  recovered  by  the 
pumping  plants  and  flowing  wells  west  of  Santa  Ana. 

A  single  drop  of  water  in  its  progress  from  the  moun- 
tains to  the  sea.  a  distance  of  only  100  miles,  may  thus 
be  used  as  manv  as  eight  times.  i 
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Size,  Capacity  and  Power 

Required  for  Centrifugal  Fans 


By   FiiAXK  B.   GiLiiKKT,  Jr. 


.SYNOPSIS — By  the  use  of  diagrams  and  u-ithoiij.  calcu- 
lation the  size  of  fan  required  to  handle  a  given  volume  of 
air  per  minute  against  a  given  pressure  may  be  deter- 
mined, and  the  power  required  to  drive  it  found.  The 
charts  also  give  the  capacity  when  oflier  factors  are 
knoirn. 

The  accompanying  diagrams  are  intended  as  a  con- 
venient means  for  obtaining  graphically  the  relations  be- 
tween friction  to  be  overcome  in  air  ducts,  size  and  Speed 
of  centrifiigal-fan  wheels,  and  tlie  horsepower  required  to 
drive  them. 


found  a  .scale  of  fan  capacities  and  curves  for  different 
diameters  of  ducts.  Beginning  at  the  40,000  division 
of  the  capacity  scale  a  line  is  traced  horizontally  to  the 
right  until  it  intersects  the  curve  for  36-in  diameter  duct. 
From  this  i^oint  a  path  is  followed  upward  to  the  36-in. 
diameter  duct  curve  in  Section  2  and  thence  horizontally 
into  Section  3,  stopping  directly  over  the  40,000  mark  of 
the  scale  showing  cubic  feet  of  air  per  minute  in  this 
section. 

The  position  thus  reached  is  found  to  be  between  curves 
for  fan  wheels  72  and  84  in.  in  diameter.  The  84-in.  fan 
would  deliver  the  required  amount  of  air  under  free  dis- 


c/l  .*, 


Fig.  1 


In  some  instances  the  diagrams  may  not  entirely 
rcphice  mathematical  calculations  to  determine  a  fan 
which  is  to  meet  specified  requirements,  but  even  Ihcn  are 
advantageous  to  check  the  calculations. 

The  results  obtained  from  the  diagrams  arc  apjilicable 
Duly  to  the  average  typo  of  fan  now  on  the  market  and 
will  vary  slightly  with  differences  in  various  manufact- 
urers' constructive  details. 

The  friction  losses  used  in  plotting  the  iliagranis  com- 
pare favorably  with  actual  tests  made  by  the  autlior  on 
long  circular  iron  ducts. 

The  following  example  illustrates  the  use  of  tiic  dia- 
'  grams : 

To  tran.smit  40,000  cu.f1.  nf  air  per  minute  thnnigh 
■A  duct  36  in.  in  diameter  and  li)(i  ft.  long,  what  size,  speed 
and  horsepower  of  fan  are  necessary? 

For  clearness  the  problem  i.s  shown  in  Fig.  1,  isolated 
from  the  large  diagram. 

In   the   diagram  for  steel-jjlato   fans    in    Scdirju    1    is 


Fig.  2 

charge  but  would  not  nuiintain  enough  pressure  to  ovejr- 
come  friction  of  the  specified  duct.  A  72-in.  fan  would 
deliver  a  slight  excess  of  pressure. 

Selecting,  then,  a  72-in.  fan  an<l  tracing  vertically  up- 
ward from  the  40,000  cu.ft.  jx-r  min.  graduation  into 
Section  4,  another  72-in.  fan  wheel  curve  is  intersected  at 
a  ])()int  opposite  the  speed  of  380  r.p.m. 

Keturning  to  the  vertical  line  passing  through  the  40.- 
000  mark  and  following  downward  into  Section  o  until 
the  72-in.  fan  curve  is  met,  and  then  to  the  left,  36  hp. 
is  found  to  be  required  to  operate  the  fan. 

Tn  the  .solution  of  the  above  problem  no  u.«e  was  made 
of  the  scale  in  Section  2,  entitled  "Length  of  Duct,"  the 
.50-ft.  division  of  which  appears  in  Section  3.  This  is  be- 
cause the  diagrams  are  based  on  friction  losses  for  ducts 
lf)0  ft.  long  and  with  this  length,  as  in  the  problem  just 
solved,  no  account  is  made  of  duct  length. 

If  the  duct  had  been  .'50  ft.  long  Ww.  ])roblcni  would 
have  been  solved,  as  shown  in  Fig.  2,  wbicli  is  idrnlical 
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wiili  the  solution  in  Fig.  1  except  that  iipon  reaching 
line  AB  at  M  (Fig.  2)  instead  of  continuing  horizontally 
to  Ime  CD,  a  straight-edge  is  placed  to  coincide  with 
points  M  and  L,  thereby  determining  point  i\^  in  line 
CD.    Continuing  horizontally  from  point  N  as  was  done 


in  Fig.  1,  an  84-in.  fan  running  at  240  r.p.m.  and  re- 
quiring 20  hp.  is  obtained. 

Corrections  should  be  made  for  friction  losses,  due  to 
elbows  in  the  air  duct,  according  to  the  table  of  equiva- 
lent lengths  of  straight  pii^e  on  page  'i'5. 


Development  in  Marine  Condensers 


SYNOPSIS — Main  factors  controlling  heat  exchange, 
the  steam,  and  water  paths  and  some  typical  condenser 
data  and  performances. 

Before  the  Institute  of  Engineers  and  Shipbuilder.*,  in 
Scotland,  William  Weir  read  an  extended  paper  on 
the  "Development  in  Auxiliary  Units  between  Exhau.-^t 
ripe  and  Boiler."  The  chain  of  auxiliary  machinery  in- 
volved in  the  treatment  was:  conden.ser,  circulating 
pump,  air  pump,  feed-heating  apparatus,  feed-pumping 
apparatus  and  feed  makeup  apparatus.  As  a  prelimin- 
ary the  main  principles  of  the  respective  apparatus  were 
recorded  and  the  approximate  dates  annexed  in  each 
ease.     The   apparatus   listed   above   was   then    discussed 
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Fig.  1.   Traxsmissiox  Iiatk  Diagham 

at  some  length  under  distinctive  heads.  The  sections 
on  pumps  were  of  exceptional  interest,  but  in  the  pres- 
ent review  only  that  part  of  the  paper  relating  to  the 
condenser  proper  will  be  considered. 

Viewed  broadly,  a  surface  condenser  is  an  apparatus 
wherein  a  heat  exchange  takes  places  between  exhaust 


Class  of  Installatii 
Cargo  Steamer  3000  hp 

Cargo  Steamer  3000  hp 

Cargo  Steamer  3000  hp 

Cross-Channel  Boat 

Atlantic  Liner 

Destroyer  (1900) 

Destroyer  (1912) 

Cruiser  (1907) 

Cruiser  (1912) 

Battleship  (1906) 

Battleship  (1-912) 

Distilling  Condensers 


The  conditions  to  which  a  well  designed  conden.ser  for 
marine  use  and  for  any  specific  vacuum  and  sea  tem- 
perature shoiild  conform  are:  Minimum  weight  and 
space,  minimum  power  absorbed  by  circulating  pump, 
minimum  cooling  of  condensed  water,  minimum  varia- 
tion of  pressure  on  the  steam  side. 

In  a  condenser  in  which  the  water  passes  through  a 
number  of  small  tubes  inside  a  containing  vessel  to 
which  the  steam  is  introduced,  the  steam  path  must  be 
such  that  the  maximum  velocity  is  attainable  with  the 


a,Z5 
^24 

£2  1 
O20 

.Si  6 
CI7 

ui  5 

ol5 

-If 



~ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

f 

^\ 

1. 

^ 

,<-i 

f 

/" 

vv 

^> 

y* 

/ 

,-(0 

' 

/ 

>A, 

•" 

D|0 
-O    9 
S    8 
I    1 
M-    6 
O    5 
S    A 
S    3 
2 

,• 

y 

' 

. 

^ 

' 

y 

y' 

y 

y 

y 

^ 

^ 

* 

^ 

-* 

^ 

«- 

' 

_ 

_| 

"200  250  300  550  400  4  50  500  550  euu 

Velocity   in    Fee+    perMinj+e  ''°  "^ 

Tig.  2.    Fkictional  Hi:ad  Diagdam 

minimum  loss  of  head.  Obviously  then  the  path  must 
be,  as  nearly  as  possible,  straight,  and  the  velocity  must 
be  maintained  constant  in  value.  The  first  condition 
])recludes  the  use  of  baffle-plates,  the  second  necessitates  a 
varying  cross-sectional  area,  which  should  vary  in  pro- 
portion to  the  condensation.  The  only  other  factor  di- 
rectly influencing  the  contour  of  the  steam  path  is  the 


TABLE  2. 

CONDENSER  WE 

IGHTS. 

Sea 

Assumed  Steam 

Vacuum 

consumption 

Material  of  .Shell 

Type  of  Condenser 

Weight  per 

Engines 

per  hp.  m  lb. 

inches 

Deg.  F. 

hp.  in  lb. 

23 

So 

Cast  Iron 

Old  Rectangular 
on  engines 

8.3 

Reciprocating 

15 

23 

85 

Steel 

Circular 

7  5 

Reciprocating 

15 

25 

85 

Steel 

"Uniflux" 

3  33 

Reciprocating 

IS 

28.5 

55 

Steel 

"Uniflux" 

3  .1 

Turbine 

28.5 

60 

Steel 

"Uniflux" 

4  67 

Turbine 

14 

26  5 

55 

Sheet  Brass 

Oval 

2  7 

Turbine 

16 

28 

55 

Steel 

"Uniflux" 

2  1 

Turbine 

27 

55 

Cast  G.M. 

Circular 

4  4 

Turbine 

15 

2.S  25 

55 

Steel 

"Uniflux" 

3  4 

Turbine 

14 

28. 5 

55 

Cast  G.M. 

C^cular 

6  06 

Turbine 

11} 

28  5 

55 

Steel 

"Uniflux" 

4  09 

Turbine 

13i 

IS 

SO 

Steel 

"Uniflux" 

2.2 

Turbine 

15 

steam  and  water.  The  main  factors  controlling  this 
exchange  are:  The  temperature  difference  between  the 
steam  and  the  water;  velocity  of  steam;  velocity  of  water; 
presence  of  noncondensable  gases  in  the  steam,  and  to 
a  lesser  extent,  the  mean  temperature  of  the  steam  and 
water. 


quantity  of  noncondensable  gases  present.  Maximum 
efficiency  requires  that  this  quantity  should  be  kept  at  a 
minimum.  This  constitutes  the  function  of  the  air 
pump.  It  is  to  be  noted  that  the  steam  path  has  been 
considered  without  reference  to  its  condition — condensed 
or   noncondensed.      Where   one   pump    is   used   both    a.-^ 
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air  2iump  and  condensed-water  pump,  the  path  of  din 
steam  will  necessarily  be  identical  with  that  of  the 
condensed  water.  Where  separate  pumps  are  used,  how- 
ever, it  will  be  possible  to  treat  the  vapor  and  water 
differently,  and  to  give  them  different  paths.  Whether 
it  will  be  advisable  to  do  so  or  not  will  depend  ou 
whether  the  transmission  rate  is  affected  by  the  state — 
liquid  or  gaseous — of  the  material  on  the  steam  side  of 
the  tubes,  always  remembering  that  equal  velocities  are 
assumed. 

Practical  considerations  which  limit  the  closeness  of 
pitch  of-tubes,  prevent  the  attainment  of  high  velocities 
with  water  except  when  held  in  suspension  in  a  gase- 
ous medium,  so  that  in  a  condenser  of  homogeneous  i^on- 
struction,  sumberged  tubes  are  not  compatible  with  the 
highest  overall  efficiencv. 


Fig.  3.    Rkpricsektativi:  TfRi:-pi,ATK  Di.vgram.s 

As  there  is  no  change  in  volume  of  tlie  water,  and  as 
its  heat-transferring  value,  per  unit  temperature  differ- 
ence, is  not  appreciably  changed  during  its  course,  its 
velocity,  and  hence  the  cross-sectional  area  of  its  path, 
should  be  uniform.  The  velocity  chosen  will  depend  on 
the  mode  of  variation  of  the  heat-transmission  rate  with 
velocity  and  on  the  permissible  expenditure  in  obtaining 
that  velocity.  In  considering  the  correct  quantity  of  cir- 
culating water  to  use,  it  must  be  borne  in  mind  that  the 
quantity  of  water  clioscn  will  necessarily  define  its  outlet 
temperature.  The  actual  quantity  will  then  be  a  matter 
of  compromise  between  expenditure  of  pumping  it,  and 
its  reaction  on  the  length  of  water  path  required  befori' 
the  outlet  temperature  which  it  entails  is  attained. 

The  variation  of  heat-transmission  rate  with  velocity 
of  water  flow  is  shown  in   Fig.   1,  and  the  variation  of 
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frictional  head  with  velocity  (for  the  size  of  tube  com- 
monly used)  is  shown  in  Fig.  2.  In  Fig.  1  it  must  iiot 
be  assumed  that  the  rates  indicated  are  in  every  sense 
absolute.  Under  certain  favorable  conditions  much 
higher  rates  have  been  attained.  Refei'<^nce  to  Table 
1  will  show  a  mimber  of  examples  typical  of  modern  prac- 
tice for  widely  varying  conditions,  together  with  the  per- 
formance of  these  installations. 

One  of  the  most  interesting  installations  is  No.  8, 
where  economy  in  circulating  water  was  necessary,  and 
No.  9  is  also  exceptional  as  showing  the  performance  of 
one  of  the  installations  with  engine-driven  "Dual'"  air 
pumps.  No.  10  shows  the  overload  performance  on  a 
turbine  yacht  where  light  weight  of  condensing  plant 
was  of  great  importance.  In  the  case  of  the  reciprocat- 
ing-engine installations  the  vacua  being  carried  are  too 
high  for  economical  running,  but  in  every  example  the 
trials  were  made  to  show  high  degrees  of  vacua  as  being 
of  interest  in  connection  with  the  condenser  perform- 
ances apart  from  the  main  machinery. 

No.  11  gives  the  results  of  a  turbo-generator  condenser. 
It  may  be  noticed  that  the  condensation  rate  is  more  than 
twice  the  average  rate  for  the  other  installations.  The 
cooling  surface  is  only  300  sq.ft.,  and  15,000  lb.  is  con- 
densed per  hour. 

Fig.  3  shows  three  typical  tube-plate  diagrams  show- 
ing how  uniform  velocity  is  attained  by  contour  of  the 
shell  and  varying  pitch  of  the  tubes  to  suit  special  con- 
ditions of  space. 

Table  3  gives  some  interesting  figures  regarding  the 
weight  of  conden.sers.     Adhering  to  principles  of  design 


previously  given,  results  in  a  type  of  condenser  wherein 
no  attempt  whatever  is  made  in  achieve  what  has  been 
termed  sectional  or  compartmental  drainage.  In  con- 
densers possessing  this  feature,  it  is  stated  that  the  water 
of  condensation  is  intercepted  and  removed  to  the  hot- 
well  as  soon  as  it  fs  formed — the  basic  idea  being  that 
the  heat-transmission  rate  will  thereby  be  improved  and 
the  hotwell  temperature  increased  for  a  given  vacuum. 
So  far  as  experiments  carried  out  by  my  firm  have 
shown,  no  influence  on  the  transmission  rate  by  the  in- 
terception of  this  water  can  be  traced,  while  the  claim  for 
higher  hotwell  temperature  is  no  longer  supported. 

The  carrying  out  of  this  drainage  feature  includes  the 
subdivision  of  the  condenser  by  baffle-plates  or  collectors 
lying  approximately  parallel  to  the  steam  path,  the  angle 
of  deflection  presumably  representing  the  extent  to  which 
gravity  is  to  assist  in  the  interception  and  removal  of 
the  condensed  steam.  Now  the  velocity  of  steam  flow  in 
a  high-vacuum  condenser  might  be  taken  as  500  ft.  per 
sec,  which  represents  340  miles  per  hour,  and  this  ex- 
plains the  fallacy  of  sectional  drainage  together  with 
the  impossibility  of  its  practical  achievement. 

Another  misconception  with  reference  to  condenser  de- 
sign concerns  the  use  of  what  might  be  termed  an  in- 
verted condenser,  i.e.,  one  in  which  the  steam  admission 
is  at  the  bottom  and  the  air  extraction  at  the  top.  It 
has  been  stated  that  in  such  a  condenser  the  steam  will 
not  readily  rise,  but,  as  a  matter  of  fact,  the  steam  will 
rise  with  the  velocity  already  indicated,  and  if  space  con- 
siderations permitted  such  condensers,  their  performance 
would  be  as  good  as  that  of  existing  installations. 


New  Theory  of  Condensation 


SYNOPSIS — A  ihin  film  of  air  greatly  reduces  the  heat 
transmission  of  a  condenser  tube.  It  is  heavier  than 
water  vapor  and  to  remove  it  most  efficienth/  V-.shaped 
passages  are  proposed. 

In  the  discussion  of  Mr.  Weir's  paper  before  the  Insti- 
tution of  Engineers  and  Shipbuilders  in  Scotland  on  mar- 
ine condensers,  air  pumps  and  feed  heating  plants,  an 
excerpt  from  which  is  published  on  the  preceding  pages, 
D.  B.  Morison,  of  Hartlepool,  presented  a  new  theory 
on  surface  condensation. 

Mr.  Morison  started  off  by  establishing  initial  uniform- 
ity of  exhaiist  distribution  over  the  tubes  throughout 
their  whole  length,  and  while  maintaining  such  uniform- 
ity over  the  entire  condensing  surface,  he  maintained 
at  the  same  time  a  continuity  of  flow  through  a  passage 
of  decreasing  area  from  the  exhaust  inlet  to  the  air  outlet. 

To  lengthen  the  path  of  vapor  flow  in  his  original  small 
condenser,  Mr.  Morison  cut  a  wedge  into  three  pieces  and 
set  one  above  the  other.  This  small  condenser  he  pre- 
sented to  the  Armstrong  College  and  Professor  Weigh- 
ton's  experiments  with  it  definitely  established  the  cor- 
rectness of  the  principles,  as  may  be  seen  by  reference  to 
his  paper  before  the  Institution  of  Naval  Architects  in 
in06,  which  was  generally  conceded  to  be  the  most  valu- 
able report  on  "Surface  Condensing  Efficiency"  ever 
published. 

By  subsequent  experience  with  large  condensers,  Mr. 
Morison    found   that   the   conditions  enabled   the   wedge 


shape  10  be  maintained  linearly  by  light  guide  plates, 
which  not  only  cheapened  the  construction  and  lessened 
the  weight  of  large  condensers,  but  in  condensers  of  any 
size  facilitated  the  employment  of  wedges  of  the  propor- 
tions which  had  been  found  by  exhaustive  tests  to  give 
the  highest  efficiency. 

If  no  air  were  present  in  condensers,  the  problem  of 
surface  condensation  would  be  simplified  as  no  air  pump 
would  be  required,  but  in  j)ractice  the  crucial  problem 
in  the  attainment  of  high  vacuum  is  how  best  to  treat 
the  small  quantity  of  air  which  normally  enters  the  con- 
denser with  the  steam,  and  at  the  same  time  to  make 
provision  for  dealing  with  the  much  larger  quantities 
which  result  from  accidental  and  inevitable  leakage  into 
the  vacuum  system.  As  the  result  of  much  investigation 
over  many  years  Mr.  Morison  submitted  the  following 
theoiT  whereby  a  solution  might,  he  thought,  be  found 
along  the  simple  lines  of  elementary  first  principles. 

In  1905,  J.  A.  Smith  of  Australia  carried  out  some 
valuable  experiments  to  determine  the  effect  of  air  on . 
heat  transmission  through  a  condenser  tube.  He  found 
broadly  as  follows:  That  the  presence  of  air  in  quanti- 
ties that  might  have  been  deemed  insignificant  may,  in 
fact,  become  the  factor  limiting  the  efficiency  of  a  whole 
steam  plant.  For  instance,  air  equal  in  pressure  to  only 
1/^0  iu-  'jy  tlie  mercury  gage,  will  at  90  deg.  F.  reduce 
thermal  transmission  some  25  per  cent.,  while  %o  in. 
will  lower  it  about  one-half. 

The  experiment  further  demonstrated  that  in  a  con- 
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denser  dealing  with  steam  at  90  deg.  smothered  with  air 
at  a  partial  pressure  of  0.3  in.  it  would  be  found  that  the 
cooling  surface  would  have  to  be  314  times  greater  than 
if  dealing  with  airless  water  vapor  at  the  same  tempera- 
ture. 

In  the  experiments  the  feature  of  interest  is  the  extraor- 
dinary degrading  effect  which  a  film  of  air  of  minute 
thinness  has  on  the  heat  transmission  of  a  condenser  tube. 
At  the  other  extreme  it  is  known  that  when  air  is  present 
in  large  quantities  in  a  condenser  the  lowermost  tubes 
may  become  so  air  drowned  as  to  be  quite  incapable  of 
condensing  any  appreciable  vapor.  It  is  also  established 
that  air  is  heavier  than  water  vapor  and  consequently  the 
natural  tendency  of  aerated  vapor  is  to  fall  and  not  to 
rise.  This  is  of  course  apart  from  all  considerations  of 
velocity  of  entry.  Therefore  the  first  essentials  for  con- 
denser efficiency  are  that  the  weight  of  air  which  always 
remains  in  a  condenser  shall  be  reduced  to  a  minimum 
and  shall  be  so  disposed  as  to  cause  the  least  possible  re- 
sistance to  the  transmission  of  heat  through  the  tubes  to 
the  circulating  water  flowing  through  them.  Another  es- 
sential is  that  the  air  particles  shall  not  eddy  by  taking  an 
erratic  course  in  any  given  horizontal  plane  or  by  making 
multiple  appearances  in  any  plane.  In  other  words  each 
air  particle  shall  take  its  shortest  route  froon'  the  exhaust 
inlet  to  the  air  outlet  and  nut  linger  on  the  way. 
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Huch  a  theory  at  once  suggests  that  exhaust  steam 
should  enter  a  condenser  as  a  uniformly  moving  column, 
the  sectional  area  of  the  column  being  the  plan  area  of  the 
top  row  of  tubes.  Continue  this  plan  area  unchanged 
and  the  condenser  becomes  a  rectangular  box.  If  hypo- 
thetical stability  is  assumed  the  condenser  becomes  filled 
with  an  infinite  number  of  horizontal  superposed  films, 
the  top  film  containing  the  least  amount  of  air  and  the 
bottom  film  the  greatest. 

The  air  contained  in  such  a  condenser  is  the  sum  of 
the  particles  in  all  the  films  and  as  the  function  of  an 
air  pump  is  to  minimize  the  weight  of  air  which  is  nor- 
mally present  in  u  condenser,  it  is  obvious  that  the  lower- 
moiit  film  which  is  the  film  richest  in  air  should  be  pref- 
erentially and  wholly  withdrawn  by  the  air  pump  and  l)e 
followed  by  the  entire  withdrawal  of  the  superposed  film 
and  so  on. 

What  would  aftually  hapjjen,  however,  in  such  a  rec- 
tangular box  under  such  conditions  would  be  that  the  air 
pump  would  break  through  several  films  locally  and  by 
withdrawing  a  charge  less  rich  in  air  and  therefore  in- 
ferior would  leave  the  bulk  i<\'  the  ioweriniist  and  densest 
film  undisturbed. 

^'o^V  su])pose  by  some  means  or  other  the  lowermost 
film  were  disposed  vertically  instead  of  horizontally;  the 


air  pump  would  then  draw  no  multiple  layers  from  un- 
stable thinness  but  one  layer  from  stable  depth.  The 
nearest  practical  approach  to  this  reqixirement  is  a  wedge 
section  having  a  very  narrow  outlet,  as  in  Figs.  2  and  3. 

Again  suppose  another  hypothetical  condition,  viz. : 
that  there  is  no  air  in  the  condenser  Fig.  1,  and  that  the 
condensate  is  withdrawn  by  a  water  pump.  Assume  also 
that  the  frictional  resistance  of  the  vapor  passing  over  the 
tubes  is  nil;  were  such  conditions  possible  in  practice,  the 
vacuum  and  the  temperature  throughout  the  condenser 
would  be  constant.  Fig.  2  represents  the  same  condenser 
under  conditions  of  ordinary  practice,  viz. :  with  air  and 
air  pump.  Assume  the  air  to  be  as  shown  and  that  the 
air  density  is  proportionate  to  the  depth  of  shading.  Sup- 
pose such  a  condenser  to  be  working  under  conditions  of 
vacuum  stability  and  with  no  eddying  anywhere.  The 
shading  would  then  be  lightest  at  the  top  and  darkest  at 
the  bottom,  the  temperature  would  be  highest  at  the  top 
and  lowest  at  the  bottom  and  the  charge  of  air  with- 
drawn by  the  air  pump  at  each  stroke  would  be  the  densest 
the  condenser  contains.  Now  suppose  in  Fig.  3  the  con- 
ditions are  identical  with  those  in  Fig.  2  in  every  re- 
spect except  that  in  Fig.  3  a  lighter  shading  is  main- 
tained at  the  bottom  of  the  condenser,  say.  for  example, 
one  corresponding  to  the  shade  in  the  middle  of  Fig.  2. 
It  should  be  remembered  that  the  quantity  of  air  admit- 
ted with  the  exhaust  is  precisely  the  same  in  both  Figs.  2 
and  3,  but  the  weight  of  air  which  always  remains  in  the 
condenser  in  Fig.  3  is  less  than  that  which  remains  in 
Fig.  2  by  the  amount  below  the  center  line  in  Fig.  2. 

The  general  technical  effect  which  is  thereby  produced 
is  that  every  single  tube  in  the  condenser  has  been  re- 
lieved of  a  definite  amount  of  air  insulation  and  is  there- 
fore able  to  transmit  more  heat  to  the  condensing  water 
with  the  result  that  the  final  temperature  of  the  con- 
densing water  increases,  the  condenser  cools  and  the  vac- 
uum rises. 

It  is  the  condenser  which  is  primarily  responsible  for 
the  high  vacuimi  attainable  under  these  conditions  as  by 
means  of  the  wedge  the  air  is  arranged  in  density  grada- 
tions which  reacii  a  maximum  at  the  outlet  from  the  con- 
densing chamber,  but  the  disposition  of  the  gradations  at 
the  outlet  must  be  such  that  a  given  weight  of  air  pre- 
sents as  small  a  surface  area  and  as  great  a  depth  as  the 
practical  requirements  of  sufficiency  of  passage  will  per- 
mit of.  Concurrently  the  air  pump  is  enabled  to  maintain 
such  an  air  condition  within  the  condenser  that  the  air 
density  at  the  air  outlet  is  minimized,  the  air  insulation 
within  the  condenser  is  reduced,  and  the  greatest  amount 
of  heat  is  transmitted  to  the  condensing  water. 

It  should  again  be  noted  that  each  air  pump  nnrmally 
withdraws  exactly  the  same  quantity  of  air  per  unit  of 
time,  viz.:  the  (]uantity  which  enters  the  {■ondenser  with 
the  exhaust  steam,  but  in  Fig.  3  a  less  air  density  is  main- 
tained at  the  air  outlet  and  therefore  there  is  less  air  insu- 
lation within  the  condenser  than  in  Fig.  2.  The  relation 
between  a  condenser  and  an  air  pump  may  thus  be  seen. 
For  example,  the  ability  of  a  condenser  to  create  a  very 
high  vacuum  may  always  remain  latent  if  it  is  worked  in 
conjun<'tion  with  an  inefficient  air  pumj).  What  is  re- 
quired is  such  unit  efficiency  that  coinljined  will  cnalili' 
the  very  highest  vacuum  to  be  maintained  wliic  ii  tin'  con- 
denser is  capable  of  producing. 

The  next  important  consideration  is  the  |iiii|iiirliiiiis  of 
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the  wedges.  The  thin  end  presents  no  diffieultj'  whatever. 
It  should  be  so  narrow  that  the  air  forms  a  strip  or  phig 
of  such  stability  that  eddying  or  disturbance  is  impossi- 
ble. In  practice  the  width  is  usually  determined  by  the 
diameter  of  one  or  more  tubes  with  the  necessary  allow- 
ance for  the  passage  of  condensate. 

The  desideratum  at  the  top  of  the  wedge  is  to  .stop  ed- 
dying. This  can  best  be  achieved  by  making  the  wedges 
as  for  example  in  Fig.  4. 

It  will  be  evident  that  the  often  misunderstood  problem 
of  intermediate  collection  of  condensate  and  the  conse- 
quent influence  on  its  temperature  now  becomes  very 
simple.  Again  refer  ',o  Figs.  1,  2  and  3.  In  Fig.  1  no 
air  being  present  there  is  equality  in  temperature  through- 
out the  condenser,  and  on  the  formation  of  drops  of  con- 
densate they  splash  over  tubes  in  their  descent  and  are 
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Dronsfield  Pressure  Controlling  Valve 

By  the  pressure  of  the  air,  or  liquid  passing  through 
it,  the  action  of  this  valve  is  automatically  controlled.  It 
will  cut  off  or  admit  the  flow  at  any  predetermined  pres- 
sure and  prevent  leakage  of  the  operating  fluid  which 
would  build  up  a  back  pressure  behind  the  valve  piston. 

The  valve  body  has  a  horizontal  projection  A  with  a 
central  piston  chamber,  capped  at  the  outer  end,  and 
holding  a  helical  spring  within  a  piston.  The  piston  is 
beveled  at  one  end  and  when  in  its  outward  position,  with 
the  spring  compressed,  seats  against  a  stationary  seat 
which  also  acts  as  a  stop  and  cuts  off  the  flow  of  fluid 
that  may  travel  along  the  exterior  of  the  piston.  Nor- 
mally the  spring  also  presses  the  head  of  the  piston 
again.st  a  valve  seat  at  the  opposite  end  of  the  piston. 

In  operation  the  fluid  passes  up  through  the  pipe  B, 
but  is  prevented  from  going  further  by  the  valve  piston 
until  some  predetermined  pressure  has  been  reached 
which  overcomes  the  pressure  of  the  spring  against  the 
piston,  and  then  the  piston  valve  is  moved  away  from 
its  seat,  which  allows  the  fluid  to  pass  through  the  valve. 
When  this  takes  place  The  ])ressure  is  equal  on  both  sides 


alternately  cooled  by  the  tubes  and  heated  by  the  vapor 
until  on  arrival  at  the  bottom  they  are  approximately  at 
the  same  temperature  as  that  corresponding  to  the  vac- 
uum. 

In  Fig.  2,  air  being  present,  the  temperature  gradually 
decreases  from  the  top  to  the  bottom  and  therefore  the 
drops  of  condensate  when  falling  pass  through  a  cold  air 
zone  with  the  result  that  the  final  temperature  is  le.ss 
than  that  corresponding  to  the  vacuum.  The  tempera- 
ture of  the  condensate  relatively  to  that  of  the  vacuum 
Therefore  depends  on  the  temperature  of  the  air  zone 
through  which  it  falls,  and  also  on  the  shape  of  the  con- 
denser. 

Almost  any  condenser  lends  itself  to  the  intermediate 
collection  of  condensate  as  some  must  fall  on  the  sides 
and  thus  short  circuit  the  colder  air  zones. 

In  Fig.  4  the  multipk  wedge  chambers  discharge  into 
an  air  receiver  which  may  or  may  not  be  fitted  with 
tubes.  For  high  vacuum  tubes  are  very  valuable  as  they 
enable  the  temperature  of  the  air  to  be  brought  to  within 
a  few  degrees  of  that  of  the  condensing  water.  It  will 
be  noted  that  this  effect  is  initiated  in  the  base  of  the 
multiple  wedges  where  many  of  the  tubes  are  entirely 
sheltered  from  the  streams  of  falling  condensate  and  car- 
ried to  its  logical  conclusion  in  the  final  air  cooling 
chamber.  Having  obtained  this  high  vacuum,  what  is  its 
value?  As  will. be  seen  by  Fig.  5,  in  a  commercial  tur- 
bine plant  it  is  represented  by  increased  efficiency. 


DrOXSFIELD  PrESSLEE  COXTKOLLIXG  VaLVE 

of  the  piston.  As  soon  as  the  pressure  decreases  on  the  jj 
inlet  side  of  the  valve,  the  spring  will  close  the  piston,^ 
thus  preventing  any  flow  of  fluid  through  the  valve  at  any 
pressure  less  than  that  determined  as  a  minimum.  The 
fluid  is  always  admitted  to  the  discharge  side  of  the  valve 
at,  or  above,  the  pressure  at  which  the  valve  is  operated. 

The  valve  is  useful  in  any  system  delivering  a  liquid, 
or  fluid,  under  pressure,  as,  for  example,  one  supplying 
oil  burners  for  the  generation  of  steam  wherein  the  fuel 
oil  is  drawn  from  a  supply  pipe,  atomized  and  dischariicd. 
into  a  furnace  by  a  jet  of  air  or  steam.  In  such  a  sys- 
tem the  valve  automatically  closes  when  the  liquid  in 
the  source  of  supply  falls  below  the  predetermined  pres- 
sure and  prevents  any  flow  from  the  source  of  supply  to 
the  discharge  until  the  predetermined  or  a  greater  pres- 
sure is  exerted  against  the  piston.  When  used  with  an 
atomizer  the  valve  is  connected  to  it  by  a  nipple,  as  at  C. 

This  device  is  manufactured  by  A.  J.  Dronsfield.  23] 
Admiral  St.,  Providence,  R.  I. 
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The  Storage  Battery — II 

By  Johx  a.  Kaxdolj'h 

The  storage  battery,  as  its  name  implies,  is  essentially 
an  agent  for  the  accumulation  of  electrical  energy.  There 
are  various  conditions  which  require  the  use  of  stored 
energy  either  from  an  economical  standpoint  or  from 
actual  necessity,  and  it  is  to  meet  the  demands  of  these 
conditions  that  this  type  of  battery  is  used.  It  is  i'm- 
ployed  for  various  purposes,  but  its  most  important  ap- 
plication is  in  connection  with  power  stations  as  an  ac- 
cumulator of  reserve  power  and  it  is  in  this  field  that 
it  is  found  in  its  largest  and  most  complete  development. 
As  thus  used,  its  principal  functions  are:  to  aid  in  car- 
rying the  peak  loads,  to  regulate  the  voltage  on  feeders 
and  to  act  as  a  reserve  source  of  power  which  can  be 
drawn  upon  when  the  other  sources  fail. 

There  are  various  methods  used  in  the  connections  of  a 
stationary  battery  for  charging  and  discharging,  depend- 
ing upon  the  size  of  the  battery,  the  nature  of  the  dis- 
tribution system,  the  load  factor  and  the  economical  re- 
quirements of  the  station.  A  common  method  of  charg- 
ing the  smaller  sizes  used  for  oil  switch  control  and  other 
auxiliary  work  consists  in  the  use  of  a  motor-generator 
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Bet  of  small  capacity,  the  geiierator  being  connected  across 
the  battery  busi)ars  upon  cliarging,  and  disconnected 
when  the  charge  is  finished.  In  another  method,  the 
charging  current  is  taken  from  a  set  of  station  busbars 
carrying  a  higher  voltage  than  the  battery  busbars,  the 
current  flow  due  to  the  higher  voltage  being  regulated 
by  a  rheostat. 

Fig.   1   shows  a  diagram  of  connections  for  a  bjittery 


that  can  he  cliargeti  by  eitlier  of  these  two  meliiods.  Tlie 
motor-generator  set  is  driven  by  a  motor  whose  cur- 
rent is  furnished  from  the  auxiliary  supply  mains  of  the 
station.  In  substations,  an  induction  motor  is  generally 
used  in  order  to  have  the  charging  set  available  at  times 
when  the  direct-current  station  busbars  are  dead.  The 
generator  is  connected  through  a  switch  and  circuit 
breaker  to  the  battery  busbars.  The  supply  leads  from 
the  station  busbars  are  likewise  connected  to  the  battery 
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busbars  and  a  rheostat  is  connected  in  series  with  the  posi- 
tive side.  By  means  of  a  voltmeter  and  plug  receptacles 
connected  as  shown,  the  voltage  of  eitlier  charging  source 
and  of  the  battery  can  be  ascertained  at  any  time.  The 
ammeters  show  the  charging  current  of  the  respective 
.sources  and  the  flow  is  regulated  by  means  of  the  rheo- 
stats. When  a  charge  is  completed,  the  circuit-breaker 
and  main  switch  on  the  source  used  is  disconnected,  aiul 
the  battery,  which  remains  connected  to  its  busbar.s,  be- 
gins to  discharge  simultaneously.  By  this  arrangement 
the  continuity  of  service  to  the  circuits  fed  from  the  bat- 
tery busbars  is  not  iuterrujjted,  the  current  being  sup- 
plied during  charge  by  the  replenishing  source. 

With  large  batteries  empicyed  on  the  outside  service  of 
the  station  a  different  procedure  is  followed.  These  are 
generally  used  in  conjunction  with  boosters  upon  l.'oth 
charging  and  discharging.  The  latter  are  low- voltage 
direct-current  generators  so  connected  that  their  pres- 
sure is  added  to  that  of  the  station  busbars  upon  charging, 
and  to  the  battery  voltage  during  discharge.  Were  it  not 
for  the  assistance  of  the  booster,  it  would  be  impossible 
to  .send  a  charging  current  through  the  battery  from  the 
station  busbar.s,  after  its  voltage  had  been  brought  up  to 
that  of  the  latter.  Moreover,  it  woidd  be  impossible  to 
discharge  the  battery  below  this  jioint. 

Fig.  2  shows  a  fundamental  diagrnm  of  one  of  tiie 
many  mcithods  used  in  conm'cting  a  battery  and  booster 
to  a  two-wire  .system.  The  booster  is  compound  wound, 
the  shunt  field  being  capable  of  reversal  through  a  pole- 
changing  switch.  By  means  of  the  latter,  the  booster 
voltage  is  added  lo  that  of  the  main  busbars  upon  charge 
and  is  therefore  opposed  to  the  battery  ])ressure,  the  re- 
sult being  that  a  current  is  caused  to  flow  through  the 
battery  in  the  required  direction,  which  is  opposite  to  that 
of  discharge.     Tn  discharging,  the  booster  shunt   field  is 
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reversed  aud  the  voltage  of  the  machine  assists  the  battery 
ill  overi-omiug  the  opposing  pressure  of  the  main  bus- 
bars sutHciently  to  deliver  its  current. 

In  Fig.  3  is  shown  a  method  of  connection  commonly 
used  on  substation  batteries  employed  ou  a  three-wire 
lighting  system.  The  two  booster  generators  are  respec- 
tively connected  in  series  with  corresponding  halves  of 
the  battery,  the  busbar  connections  for  each  half  being 
made  with  an  outside  leg  and  the  neutral.  A  detailed 
wiring  diagram  for  this  method  is  shown  in  Fig.  4. 

The  polarity  of  the  booster  is  established,  as  required, 
by  the  held  reversing  switches  shown  ou  the  battery  con- 
trol board.  In  addition  to  the  booster,  another  means  is 
provided  for  regulating  the  battery  voltage.  This  con- 
sists of  a  number  of  units  known  as  end  cells,  which  are 
so  arranged  that  they  can  be  connected  in  series  with  the 
main  battery  circuit  or  disconnected  therefrom  without 
interrupting  the  continuity  of  service.  This  is  done  by 
means  of  sliding  contact  switches  moved  by  threaded 
shafts  driven  by  motors  controlled  from  the  battery  con- 
trol board.  The  arrangement  of  the  end-cell  switch  con- 
nections, contacts,  sliders  and  motors  is  shown  in  the 
diagram  (Fig.  -l). 

It  will  be  observed  that  the  end-cell  switches  are  pro- 
vided with  two  sliders,  a  double  set  of  contacts,  and  two 
main  leads.  There  are  several  reasons  for  this :  one  is, 
to  insure  continuity  of  service  by  not  making  the  latter 
wholly  dependent  upon  one  outfit.  If  only  a  single  equip- 
ment were  used  aud  a  vital  part  became  out  of  order,  the 
battery  would  be  thrown  out  of  service,  whereas  with  a 
double  equipment,  if  one  line  should  be  out  of  order  the 
other  could  be  used.  Another  reason  is  that  a  cross-sec- 
tion of  copper  is  thereby  provided,  sufficient  to  meet  the 
demands  of  the  heavy  currents  involved,  without  incur- 
ring the  inconvenience  and  extra  labor  necessary  to  iii- 
rorporate  this  sectional  area  in  a  single  line  and  one  set 
of  contacts. 

Two  small  individual-cell  charging  busbars  are  shown 
extending  through  the  battery  room.  These  are  so  lo- 
cated that  temporary  connections  can  be  made  thereto 
from  any  cell  in  the  room.  They  are  for  the  purpose  of 
ibarging  independently  of  the  main  battery  any  cell 
wiiiih  may  have  been  found  defective. 

Cahk  ,\.\d  M.\xag]:ment 

In  the  economical  management  of  a  storage  battery, 
careful  and  systematic  attention  must  be  exercised  in 
charging  and  discharging,  replenishment  of  the  elec- 
trolyte and  cleaning  and  repairing  in  order,  to  jirescrNc 
the  life  and  eflicicmy.  The  charge  may  be  begun  at  about 
doui)le  the  normal  discharge  rate  for  the  first  hour  ami 
gradually  reduced  to  a  low  rate  (say  one-fifth  normal) 
near  the  end.  The  current  should  be  discontiiiued  as  soon 
as  the  charge  is  complete,  which  latter  varies  with  the 
different  ty])es  and  dejiends  upon  the  size  and  numlicr  of 
jilates.  Allliough  a  charge  should  be  continued  \inti!  bolli 
Jilates  gas  freely,  if  the  I'harge  is  maintained  too  long,  llic 
gassing  will  cause  the  active  material  to  be  gradually 
loosened  from  the  grids,  breaking  (jfT  and  dropping  to 
the  bottom  of  the  cell  where  it  accumulates.  If  not  re- 
iMo\cd,  il  will  in  time  incri'ase  in  de])th  until  it  comes 
into  contiirt  with  the  |)latcs,  thus  causing  an  internal 
sliort-circiiif.  Moreover,  excessive  gassing  causes  the 
electrolyte  to  evaporate,  rendering  replenishment  iieces- 
Hary  more  often  than  under  normal  conditions. 


There  are  two  methods  commonly  used  in  determining 
the  proper  duration  of  charge  and  discharge,  namely,  tak- 
ing voltage  readings  aud  noting  the  specific  gravity. 
AVhen  used  in  conjunction,  they  form  a  fairly  accurate 
means  of  determining  the  time  when  the  current  should 
be  discontinued.  Upon  charging,  the  voltage  gradually 
rises.  When  it  reaches  a  value  of  about  2.45  per  cell,  the 
battery  can  be  said  to  be  charged,  providing  a  test  of  the 
electrolyte  shows  a  specific  gravity  of  1.204.  .However, 
while  the  battery,  as  a  whole,  may  show  these  average 
voltage  aud  gravity  values,  the  readings,  when  taken  on 
the  individual  cells,  may  vary  slightly,  but  will  not  be  far 
from  the  average,  providing  the  cells  are  in  good  condi- 
tion. On  the  other  hand,  if  any  of  the  cells  are  sluggish, 
a  pronounced  difference  will  be  noticed  due  to  the  in- 
complete reduction  of  the  sulphate  on  the  previous 
charges.  These  cells  will  require  a  longer  charge  than  the 
others,  but  this  is  not  necessary  at  every  charging  period. 

An  overcharge  of  the  entire  battery  once  every  week  or 
two,  depending  upon  the  frequency  of  the  regular  charg- 
ing periods  will  generally  be  sufficient  to  reduce  the  sul- 
phate remaining  after  normal  charge  and  to  thus  even  up 
the  voltage  and  gravity  of  the  individual  cells.  The  du- 
ration of  the  overcharge  is  determined  by  voltage  and 
gravity  readings  as  in  the  case  of  normal  charging.  When 
these  values  reach  a- maximum  and  show  no  further  rise 
in  observations  taken  at  short  intervals  over  a  period  of 
an  hour  and  a  quarter,  the  overcharge  should  be  stopped 
providing  the  battery  is  gassing  freely.  The  maximum 
voltage  attained  iipon  overcharge  will  vary  from  2.4  to 
2.65  per  cell,  depending  upon  the  age  and  conditions  of 
the  battery. 

The  same  methods  are  used  in  the  determination  of 
the  length  of  discharge  as  are  used  in  the  charge.  The 
voltage,  upon  normal  discharge,  falls  gradually,  its  drop 
being  more  rapid  near  the  end.  In  general,  the  limit  of 
discharge  can  be  said  to  be  about  1.75  volts  per  cell  with 
current  flowing  at  the  normal  rate.  Moreover,  the  spe- 
cific gravity  of  the  electrolyte  falls  in  proportion  to  am- 
pere-hours discharged.  The  fall  in  specific  gravity  is  de- 
pendent upon  the  quantity  of  solution  as  comjiared  with 
the  bulk  of  the  plates.  Ordinarily,  if  the-sjieeific  gravity 
upon  overcharge  is  ].20!>,  the  limit  governing  the  dis- 
charge should  be  about  1.1  T4. 

The  battery  should  be  regularly  inspected  to  ascertain 
the  condition  of  the  cells.  If  any  are  found  that  com- 
pare unfavorably  with  the  others  in  regard  .to  voltage, 
color  of  plates  or  condition  of  the  electrolyte,  they  should 
be  given  careful  attention  at  once  and  watched  closely 
until  they  return  to  their  normal  condition.  A  defec- 
tive cell  will  not  gas  as  actively  as  the  others  and  its 
Jilates  are  usually  lighter  or  darker  in  color  than  those 
of  the  other  cells. 

Careful  use,  an  occasional  cleaning  and  an  early  detec- 
tion and  removal  «\'  I  lie  c,-insi's  of  any  abnormal  con- 
ditions which  may  ilcvcloji,  will  indefinitely  prolong  the 
life  of  the  battery. 

Locking  Device  for  Disconnecting 
Switch 

The  illnsi  ration  shows  a  locking  device  that  cfTectively 
prevents  the  blade  of  a  disconnecting  ^\vilch  from  open- 
ing except  under  the  direction  of  the  o|ieralor.  Instances 
are  on  record  wlwre  the  blade  of  a  disconnecting  switch 
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not  protected  by  this '  device  has  been  thrown  open  or 
partly  open  by  magnetic  repulsion  and  destroyed  when  a 
short-circuit  has  occurred  on  the  line,  not  only  resulting 
in  the  loss  of  the  switch  but  also  putting  the  circuit  on 
which  the  switch  was  installed  out  of  commission  until 
a  new  switch  could  be  installed  unless  there  were  dupli- 
cate circuits. 

This  locking  device  consists  essentially  of  two  brass  _ 
bell  crante  hinged  together  at  the  ends  of  the  two  shorter 
arms  and  held  closed  by  compression  springs.  The  pro- 
jections or  jaws  iu  the  outer  ends  of  the  two  longer  arms 
close  in  front  of  the  blade,  thus  preventing  the  latter  from 
coming  out  of  the  clips.  Each  bell  crank  is  provided  with 
a  dog  which  moves  in  a  slot  in  the  bell  crank's  elbow,  the 
dog  being  hinged  at  this  point.  Two  compression  springs, 
one  pressing  outward  from  the  switch  base  against  the 
elbow  of  each  crank  and  also  against  the  dog,  keep  the 
bell  cranks  closed  and  the  dogs  pressed  against  the  back 
of  the  switch  blade. 

To  open  the  switch,  the  outer  ends  of  the  bell  cranks 
are  pressed  back  away  from  the  blade,  allowing  the  dogs 
to  come  forward  so  as  to  rest  upon  the  sides  of  the 
blade,  in  which  position  they  hold  the  Jaws  in  front  of 
the  blade  apart,  allowing  the  switch  to  be  opened.  With- 
drawing the  blade  of  the  switch  from  between  the  dogs 
causes  the  jaws  to  automatically  close  against  the  sides  of 


CORRESPONDENCE 


Short  Circuiting  Lines  to  Controller 

We  were  bothered  with  the  resistance  becoming  over- 
heated in  the  controller  of  a  200-hp.  induction  motor 
driven  from  a  550-volt  line.  The  heating  was  caused  by 


Line  fo  Resistance  Box  """"^ 

Method  of  Shoet-circtitixg  Controllek  Wires 

bad  contacts,  which  appeared  to  be  in  fair  condition. 
To  remedy  this,  wires  were  spliced  onto  the  resistance 
wires  and  led  to  contacts  on  a  board  screwed  onto  the 
motor  frame.    On  this  board  was  mounted  a  knife  switch. 


Switch  in  Closed  l'osiri<i.\  and  in   Ait  of  Beixo  Opened 


the  blade  and  to  snap  shut  as  soon  as  the  blade  is  com- 
pletely withdrawn.  These  operations  are  shown  in  the  il- 
lustrations. 

As  the  outer  edges  of  the  jaws  are  beveled  the  switch 
blade  Can  be  readily  pressed  back  in  the  clips  into  the 
closed  position,  when  the  jaws  close  automatically  in 
front  of  the  blade  locking  the  latter  in  the  closed  posi- 
tion. 

The  operator  does  not  have  to  remember  to  lock  the 
switch  closed,  as  it  automatically  locks  itself,  and  thus 
guards  against  damage. 

The  device  is  made  by  the  General  Electric  Co.  in  sizes 
to.  fit  300-,  600-,  800-  and  1200-amp.  switches.  Since  the 
safety  catch  is  a  unit  in  itself  it  can  be  applied  to  any 
G.  E.  type  L-switch  merely  by  clamping  it  to  a  support 
between  the  clip  block  and  the  insulator  cap. 


When  starting  the  motor  this  switch  is  open,  but  when  the 
motor  is  up  to  speed,  and  all  the  resistance  is  cut  out, 
the  knife  switch  is  closed  and  short-circuits  the  line  to 
the  controller.     The  arrangement  is  shown  in  the  sketch. 

James  A,  Campbell. 
Providence,  E.  I. 


In  a  lecture  before  the  International  Congress  of  Applied 
Chemistry,  New  York,  Sept.  11,  1912,  Giacomo  Cimician,  of 
Bologna,  Italy,  stated  that  a  square  yard  of  the  earth's  sur- 
face receives  each  day  (tropical  day  of  six  hours)  an 
amount  of  heat  equivalent  to  that  in  about  1.8  lb.  of  coal.  A 
square  mile  would  therefore  receive  each  day  heat  equivalent 
to  the  combustion  of  over  2600  tons  of  coal.  The  quantity  of 
coal  and  lignite  mined  annually  in  Europe  and  America  is 
about  1,100,000,000  tons,  and  an  area  of  about  1200  square 
miles — that  of  a  fair-sized  American  county — receives  during 
the  year  from  the  sun  an  amount  of  energy  equivalent  to 
that   obtainable   from   this   coal   output. 
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Diesel    Engine  Driving  Rolling  Mill 

By  Dk.  Alfred  Gradenwitz 

The  4o0-hp.  Diesel  engine  plant  of  the  Ac-henrain  Brass 
Works,  at  Kramsaeh-Achenraiu,  Xorthern  Tyrol,  is  of 
special  interest  on  account  of  the  particularly  unfavorable 
working  conditions  to  ■niiieh  the  Diesel  engine  has  in  this 
case  been  adapted.  This  firm  in  1909  installed  a  700-hp. 
water  turbine  of  the  Francis  type,  utilizing  the  water 
power  of  the  Brandenberger  Ache.  The  energj'  was  coii- 
veyed  by  a  high-tension  transmission  line  to  the  rolling 
mill  situated  about  one  mile  distant.  The  variations  in 
the  amount  of  available  water,  however,  induced  the  man- 
agers to  install  a  Diesel  engine  as  a  standby. 

Fig.  2  represents  the  load  in  rolling  and  pressing  dur- 
ing two  consecutive  pressing  processes  and  simultaneous 


fact  that  the  speed  does  not  decrease  during  the  maximum 
performance  had  to  be  taken  into  account.  Also,  an  am- 
ple overload  capacity  of  the  motor  had  to  be  provided. 


"'•'"^  *<■ Rolling  a.  Pressing >r< Rolling  ■■■■  >k-  ■  Rolling  4 Pressing  >1 

Fig.  2.    Showixg  Tariation  of  Load 

To  provide  for  sudden  variations  in  load,  an  exception- 
ally hea^y  flywheel  had  to  be  included.  This  is  of  cast 
steel,  16  ft.  in  diameter.     Its  rim  weighs  approximately 


Ftci.  1.   Diesel  Engine  and  Generator 


Hilling  on  five  frames.  The  fluctuations  attending  this 
rolling  and  pressing  process  are  seen  at  a  glance;  those 
corresponding  to  the  switching  in  of  the  liuge  hydraulic 
press,  where  rods  are  pressed  hot  out  of  the  ingot,  are 
as  high  as  300  per  cent.,  being  close  to  400  hp.  The  maxi 
mum  loads  as  well  as  their  duration  are  variable,  depentl- 
ing  on  the  resistances  met  with  in  the  press  and  on  the 
temperature  of  the  ingot.     In  designing  the  engine  the 


11  tons  and  the  total  ^^eight  of  the  flywheel  is  00  lb. 
per  engine  horsepower. 

The  Diesel  engine  is  a  three-cylinder  four-stroke-cycle 
machine  the  cylinders  being  20  in.  in  diameter  and  30- 
in.  stroke  and  the  normal  speed  1fi8  r.p.m.  It  is  coupled 
direct  to  a  three-phase  generator  su])plying  tlie  motors 
which  drive  the  rolling  mill.  The  engine  in  of  normal 
design,  liut  in  view  of  its  s]iecia!  jjurpose  and  its  overload 
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capacity  it  is  built  partic'ularly  heavy.     The  fouipressoi- 
is  inonuted  on  the  sliaft  of  the  generator. 

In  connection  with  tests  made  on  delivery,  the  crude- 
oil  consumption  of  the  Diesel  engine  at  full  load  was 
found  to  be  0.432  lb.  per  hp.-hr.  This  rather  high  figure 
was  due  mainly  to  the  fluctuations  in  load,  which  occurred 
during  the  test.  The  slowing-down  time  of  the  en- 
gine was  found  to  be  4  min.,  50  sec,  and  with  the  suc- 
tion valves  lifted,  S  min.,  52  Sec,  which  shows  small 
friction.  Its  mechanical  efficiency,  inclusive  of  the  com- 
pressor, was  75  to  79  per  cent.     The  thermal  efficieuc^/ 
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Fig.  3.    Spekd  Regulation 

was  found  to  be  32.2  per  cent,  at  full  load,  and  2.S.1   per 
cent,  at  half  load. 

Fig.  3  shows  a  tachometer  record  at  the  23ower  station 
during  a  typical  night  load.  Until  11  o'clock  the  Diesel 
engine  ran  in  parallel  with  the  water  turbine,  but  after 
this  time  only  the  turbine  was  kept  in  service.  Although 
the  working  process  at  the  rolling  mill  was  quite  identical 
before  and  after  11  o'clock,  the  record  shows  that  before 
this  time  there  were  no  appreciable  fluctuations  in  the 
speed,  the  Diesel  engine  effecting  perfect  compensation. 
The  second  part  of  the  diagram,  which  corresponds  to  ex- 
clusive turbine  operation,  shows  the  speed  variations  to 
which  the  turbine  was  siibjected. 

Last  summer  this  installation  was  put  to  a  decisive  test, , 
the  turbine  generator  windings  being  burnt  out  by  light- 
ning, so  that  the  Diesel  engine  during  ten  weeks  had  to 
supply  continuously  all  the  power  to  the  works. 

The  Low  Coal  Engine 

The  direct  utilization  of  coal  in  a  gas  engine  forms  the 
basis  of  an  invention  by  Dr.  A.  M.  Low,  which  is  at- 
tracting considerable  attention  in  England.  Speaking 
generally.   Dr.   Low's  engine  occupies  a  ]3ositiou   in   tl\e 


Fig.  ],  Thi-;  Low  Coal  Engine 

gas-power  field  very  similar  to  that  of  the  locomobile 
in  steam-engine  practice;  that  is,  it  is  a  self-contained 
unit  for  converting  the  heat  in  the  coal  into  mechanical 


(  ucrgy  at  the  engine  shaft.  Of  course,  it  has  not  yet 
attained  the  refinements  of  the  locomobile  and  is  still  in 
a  more  or  less  experimental  stage.  The  important  fact 
is  that  it  runs  successfully  and  is  claimed  to  have  pro- 
duced a  brake  horsepower-hour  on  about  1/2  lb-  of  coal — 
a  remarkable  performance,  if  true. 

The  present  engine,  which  is  rated  at  100  h]j.,  is  sliown 
in  Fig.  1,  and  Fig.  2  represents  a  section  through  the 
coal-feeding  device  at  the  head  end. 

Referring  to  Fig.  2,  coal  is  fed  into  the  hopper  A  from 
which  it  is  conveyed  by  four  Avorms  through  the  heater 
tubes  T.  These  tubes  pass  through  the  gas  chamber  G, 
connected  with  the  inlet  valve,  the  exhaust  heated  cham- 
ber Fj,  the  combustion  chamber  C  and  open  into  the  ash 
and  soot  chamber  S.  The  latter  is  fitted  with  a  nonreturn 
valve  which  admits  air  or  a  mixture  of  steam  and  air  to 
tlie  tubes.  This  air  is  drawn  by  the  suction  of  the  en- 
gine over  the  incandescent  coal,  maintained  in  this  state 
liy  tlio  heat  of  chambers  0  and  E,  and  passes  through 
liciles  in  the  tubes  T  into  chamber  0.     It  is  by  this  time 


9  i  '  l'>l|~l 


Fig.  2.    Section  thuough  Coal-feeding  and  Gas- 
forming  Device 

mixed  with  the  gases  given  off  from  the  incandescent  coal 
and  the  mixture  passes  from  chamber  G  through  the  in- 
let valve  into  the  cylinder  of  the  engine. 

In  starting,  the  coal  is  brought  up  to  incandescence  liy 
running  for  a  few  minutes  on  illuminating  or  other 
available  gas. 

The  feed  of  the  worms,  which  are  driven  through  gear- 
ing at  the  right,  may  be  adjusted  to  suit  the  load,  and 
the  coal  after  it  has  given  off  all  its  gas  is  discharged 
as  ash  into  the  bottom  of  the  ash  shoot  S. 

With  no  gas-cleaning  apparai;us  one  would  expect  to 
encounter  trouble  from  the  tar.  No  such  trouble  has  been 
experienced,  however.  This,  Dr.  Low  ascribes  to  the 
fact  that  the  coal  is  heated  rapidly  and  in  small  quan- 
tities ;  hence  the  tar  is  not  gasified  but  passes  off  in  the 
form  of  fine  yellow  dust.  The  high  temperatures  and 
I'elatively  low  compression,  about  90  IIj.,  prevent  these 
fine  particles  of  tar  from  being  condensed  and  precipi- 
tated in  the  engine  passages :  hence  they  pass  off  as  yel- 
low smoki'  in  the  exhaust. 


R.  p.  HaUiwell.  in  a  paper  upon  "Recent  Developments  in 
Curtis  Steam  Turbines."  read  before  the  Manchester  Associa- 
tion of  Engineers,  says  that  in  the  Curtis  turbine  as  built  b\ 
the  British  Thomson-Houston  Co..  at  Rusby.  England,  it  is 
u.=iual  to  provide  about  %-in.  axial  and   i"s-in.  radial  clearance. 
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Vaporizers   for  Producers  Using 
Wood  Fuel 

A  claim  is  made  b}'  builders  of  certain  suction-gas  gen- 
erators using  wood  for  fuel  that,  on  account  of  the  mois- 
ture in  this  class  of  fuel,  it  is  unnecessary  to  incorporate 
a  vaporizer  for  enriching  the  gases. 

lu  these  generators  the  air  is  drawn  in  beneath  tlu 
fuel  column,  and  the  fuel  is  fed  from  above,  as  a  con- 
sequence of  -ivhich  the  temperature  varies  from  that  of  the 
highly  incandescent  fuel  at  the  bottom  to  that  of  the  com- 
paratively cold  fuel  neitr  the  hopper.  The  temperature 
at  which  the  gases  pass  the  last  fed  fuel  will  be  insuffi- 
cient to  more  than  vaporize  the  moisture  in  this  fuel. 
which  will  pass  ofE  as  steam  along  with  the  gases.  Even 
were  the  vapor  decomposed,  the  oxygen,  meeting  no  car- 
bon at  this  point,  would  pass  away  in  a  free  state. 

To  the  writer,  it  would  appear  then  that  the  claims 
made  have  no  support  in  fact.  In  the  first  water-gas  plant 
erected  in  England,  a  similar  argument  was  advanced  as 
the  forerunner  of  a  distinct  improvement.  In  this  pro- 
ducer the  steam  was  first  admitted  above  the  fuel,  and  as 
a  consequence  the  latter  became  so  impregnated  with 
moisture  that  it  was  difficult  to  drive  off  the  moisture 
during  the  next  blow.  Hence  it  was  found  unprofitable 
to  use  the  gas  for  furnace  work,  and  it  was  allowed  to 
blow  into  the  atmosphere — a  dead  loss  of  millions  of  cubic 
feet,  besides  being  the  source  of  much  complaint  from  the 
people  of  the  surrounding  district. 

With  a   view  to  rendering  possible  the  utilization   of 


the  producer  gas,  the  steam  arrangement  was  modified 
to  permit  the'steam  being  admitted  below  the  fuel  col- 
umn.   This  proved  successful. 

The  moisture  in  the  fuel  of  a  suction  plant  would  have 
a  similar  influence  in  weakening  the  gases  as  had  the 
saturated  fuel  in  this  water-gas  plant.  With  much  mois- 
ture and  consequent  extreme  vapor  production,  the  gas 
production  would  be  considerably  lessened,  the  suction 
from  the  engine  being  not  much  more  than  sufficient  'i. 
draw  off  the  vapor,  whicii,  of  course,  would  be  condensed 
ill  the  scrubber. 

It  is  probable  that  a  damp  coal  is  responsible  for  the 
<lifficulties  occurring  at  times  in  suction  plants,  ])ar- 
ticularly  at  the  eommenceincnt  of  a  run. 

Manchester,  Eng.  Fi;axcis  W.  Shaw. 

Consuming  Gas  Engine  Smoke 

Gas  engines  are  often  fitted  with  crank-case  relief 
valves  which  sometimes  allow  considerable  smoke  to 
escape.  The  three  engines  of  which  I  have  charge  made 
the  air  blue  until  we  put  in  li/^-in.  pipe  from  the  relief 
valve  of  each  engine  to  the  -i-iu.  intake  pipe.  At  the  low- 
est point  in  the  iy2-h\.  line  we  arranged  a  i/4-in.  line  to 
drain  off'  the  small  quantity  of  oil  which  is  apt  to  get 
past  the  relief  valve.  This  arrangement  allows  the  smoke 
to  be  consumed  in  the  cylinders,  keeps  the  engine-room 
air  fit  to  breathe  and  the  mixing  valves  do  not  need  aiiv 
more  cleaning  than  before. 

Kane,  Penn.  Floyd  L.  Frazim:. 


Gas  Engine  Troubles 

By  H.  Lo.kk 


Difficult  startinR- 


Incorrect  iiiixturt- 

Defective  ignition  or  failure  to  ignite 


Engine  too  cold;  see  li 
Incorrect  mixture:  see 
Defective  ignition;  » 
Engine  too  cold .  . 


(  (9)  and  (10). 
les(l)  and  (2). 
lines  (3)  and  (8). 


Lack  of  power J  Engine  too  hot 


Ix>akage  during  cuir 
Ignition  too  late. 

Parts  of  engine  Ioos( 


Mixture  too  weak  owing  to  insufficient  f 
Mixture  too  rich  owing  to  insufficient  ;tii 

Tube  not  properly  heated 

Timing  valve  incorrectly  adjusted 

Vibrator  out  of  adjustment 

Sparking  plugs  too  far  apart  or  dirty. 
Wire  disconnected  or^hort  circuit 
Batteries  weak  or  coil  defecti\  e 


f  Jacket  water  turned  on  too  freely  or  too  soon 

I  Water  lodging  in  cylinder,  leaky  jacket  joint 

j  Defective  circulation  of  cooling  water  or  insufijicient  supply 

I  Faulty  lubrication 

Exhaust  cam  worn,  causing  insufficient  opening  of  exhaust 


Mixture  ti  _ 

Too  high  compression  owing  to  carbon  deposit 
Piston  rings  worn  or  sticking  in  grooves. . 

<  Liner  worn  or  grooved 

1  Leaky  valves 

slack 


Pounding  and  knocking. 


Prcignition. 


Expio 


i  Moving  parts  striking  a 
I  Hroken  piston  ring. 
I  Hpark  advanced  too  far 
I  Spark  too  early. 

Cylinder    and    piston 
I  and  (15). 

'  Too  high  compres.'flon. 
'  (blowing   carbon   or   nic 

and  burning  gas. 
'  Ignition  uncertain. 

Delayed  burning  of  previous  charge 

Incorrect  mixture 

I  Valve  timing  wrong,  inlet  laic  in  closing. 
!  I^aky  inlet  valves. 

Accumulation  of  unburnt  gasp."* 

I 

1  Exhaust  valve  leaky 

I  Exhaust  opens  early 

[  Variation  of  gas  presMure 

egulation i  Pallets  on  striker  worn. 


nl   point.'*  in  the  cylinder  i  Pocket.s  fur  gas  to  accumulate . 


xhaust  pipe.. 


Governor  stiff  or  i 


/  Previous  charge  loo  rich. 

1  Ignition  uncertain 

I  Valve  or  seat  bad 

■  Dirt  under  \*nlvp  face 

'  Weak  Mpring 

tnrorrect  timing 

flnsometcr  body  balanced  ( 

■  Irregular  working  of  plant. 
'  Leakage  of  air  in  producer 

I  Wn 


'  mated  in  guides. 


Excessive  fuel  ) 
fimoke 


f  Tncnrrect  mixture. 

^  Engine  too  cold:     see  lines  (0)  and  MO) 

I  Ix-akage:     see  lines  flfr-lS).  and  (2.'>-27). 

I  At  end  of  exhaust  pipe 

I  Past  pi.ston. 


'  Mixture  loo  rich — smoke  blark 

i  Excessive  cylinder  lubrication — blue  smoke . 


(10) 

(11) 

(12) 
(13) 
(14) 


(23) 
(24) 
(2.^) 
(2(i> 
(27) 
(2S) 
(29) 
(30) 
(31) 
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Condensing  Plants  for  Large  Com- 
mercial Buildings 

By   Ira   X.   Evans 

It  is  remarkable  that  in  recent  years  little  or  no  change 
has  occurred  in  methods  of  heating  large  commercial  and 
office  buildings.  Man}'  new  appliances  in  the  form  of 
thermostatic  and  float  traps  for  use  on  the  individual 
radiators  of  vacuum  systems  have  appeared,  which  have 
merit  and  are  designed  to  prevent  the  vacuum  from 
communicating  with  the  heating  system  proper.  Little 
or  no  progress,  however,  has  been  made  in  utilizing  the 
condensing  capacity  of  a  heating  system  to  reduce  the 
steam  consumption  on  the  engines  by  operating  on  pres- 
sures below  atmosphere  at  the  exhaust  outlet  of  the  ma- 
chine. 

It  is  almost  impossible  to  make  a  large  steam-heating 
system  air-tight  on  pressures  below  10  in.  of  vacuum.  Yet 
tiiere  are  numbers  of  large  heating  systems  that  require 
300,  400  and  even  1000  hp.  and  have  a  cooling  or  con- 
densing effect  to  that  extent. 

In  manufacturing  plants  where  water  is  scarce,  cool- 
ing towers  are  used  extensively  and  with  success.  The 
cooling  tower  is  a  device  for  mechanically  evaporating  a 
portion  of  the  injection  water  and  thereby  lowering  its 
temperature  so  that  it  can  be  utilized  over  and  over  in  a 
surface  condenser. 

The  tower  may  be  placed  on  the  roof  or  in  the  base- 
ment and  the  water  circulated  between  the  tower  and  con- 
denser by  a  pump,  the  head  on  the  pump  being  that 
due  to  the  friction  of  the  piping  and  the  height  of  the 
tower.  There  are  several  forms  of  cooling  tower  em- 
bodying the  principle  of  bringing  air  in  contact  with  a 
iihn  of  water  in  order  to  assist  the  evaporation.  The 
quantity  of  air  required  depends  on  the  area  of  water 
surface  presented,  and  the  hotter  the  air  and  the  lower  its 
humidity,  the  better  its  ab.sorbing  power.  Convenient 
sources  of  hot  air  are  the  engine  and  boiler  rooms.  Ven- 
tilation of  these  rooms  might  be  readily  effected  by  draw- 
ing the  hot  air  to  the  tower,  and  thus  combining  two 
operations  in  one.  Where  the  building  is  high,  a  good 
flue  will  furnish  natural  draft  at  slight  expense. 

There  are  few  ofiice  buildings  that  do  not  have  a  peak 
lighting  load  100  per  cent,  greater  than  the  average 
power  load,  and  many  buildings  have  100,000  sq.ft.  of 
radiation  which  would  have  a  condensing  capacity  aver- 
aging 20,000  lb.  of  steam  per  hr.  This  surface  is  de- 
signed to  operate  at  or  near  212  deg.  in  zero  weather  on 
account  of  possible  back-pressure  and  could  be  operated 
at  150  or  160  deg.  and  20  in.  of  vacuum  75  per  cent,  of 
the  heating  season  if  it  were  possible  to  make  the  steam 
system  air-tight.  It  is  readily  seen  that  an  engine  operat- 
ing against  20  in.  of  vacuum  is  far  more  economical  than 
when  operating  against  3  lb.  back  pressure  or  perhaps 
atmospheric  pressure. 

When  hot  water  under  forced  circulation  is  used  for 
heating,  the  necessity  of  making  the  system  air-tight  dis- 


appears, excei^t  in  the  short  steam  line  to  the  exhaust 
heater  and  the  steam  chamber  of  the  heater.  The  hot- 
water  systerii  then  becomes  an  adjunct  of  the  condenser 
to  produce  vacuum  on  the  engine,  if  not  allowed  to  be- 
come overheated,  and  thereby  reduces  the  capacity  in 
condensers  which   would  ordinarily  be   required. 

When  a  condensing  plant  is  proposed  for  an  office  build- 
ing, it  is  at  once  asked  where  the  water  is  coming  from 
and  what  it  will  cost.  An  accompanying  remark  is  that 
steam  is  required  for  heating  seven  months  and  the 
saving  by  operating  condensing  the  other  five  months 
would  not  pay  the  interest  on  the  investment  for  con- 
densing equipment.  With  a  steam  system  this  may  be 
true  and  yet  many  cases  occur  when  1000  hp.  in  exhaust 
is  thrown  away  when  the  maximum  that  could  be  used  on 
the  heating  is  500  hp.  This  calls  for  a  total  installation 
of  1500  hp.,  which  condensers  would  reduce  considerably. 
If  it  will  pay  to  operate  1000  hp.  condensing  with  a 
cooling  tower  in  Oshkosh,  tliere  is  no  reason  why  it  will 
not  pay  in  New  York,  especially  when  it  can  be  /com- 
bined with  heating,  ventilation  and  other  necessary  opera- 
tions. 

When  the  condensing  equipment  can  be  considered,  the 
turbine  occupying  one-half  to  one-quarter  the  floor  space 
required  by  a  reciprocating  engine  becomes  an  object  of 
interest.  In  connection  with  hot-water  heating  it  can  be 
operated  at  high  economy,  but  with  a  vacuum  steam  sys- 
tem its  steam  consumption  woiUd  be  prohibitive.  The 
average  daily  power  load  nearly  balances  the  heating  in 
buildings  of  this  character  in  zero  weather  and  can  be 
made  to  balance  it  at  all  outside  temperatures  with  hot 
water  by  varying  the  vacuum.  The  peak  lighting  load., 
during  which  the  excess  exhaust  steam  is  generally  throwi 
away,  can  be  operated  under  full  vacuum.  The  condensins 
capacity  required  for  the  peak  lighting  load  in  winter  wil 
about  take  care  of  the  summer  load  where  no  heatino 
is  operative.  In  a  1500-kw.  plant  only  1000  kw.  in  con- 
densing capacity  will  be  required  to  carry  vacuum  at  al 
times  if  there  are  100,000  sq.ft.  of  hot-water  radiatioi 
to  take  care  of  the  extra  500-kw.  load  in  winter.  Tin 
radiating  surface  required  need  be  no  greater  for  the  hot 
water  system  as  the  surface  in  both  systems  for  zeri 
weather"  may  be  based  on  a  temperature  of  213  deg.  n 
the  radiators. 

There  should  be  no  insurmountable  difticulty  in  find 
ing  space  for  the  cooling  tower,  as  all  large  building 
have  more  or  less  undesirable  space  either  in  the  has 
ment  or  on  the  roof  that  can  be  used.  In  the  basemen 
the  space  saved  by  the  installation  of  turbines  would  go 
long  way  in  making  room  for  the  tower. 

As  to  the  amount  of  water  used  in  the  plant  there  wil 
be  a  saving  by  the  installation  of  a  condenser  an 
cooling  tower.  An  average  water  rate  at  the  switchboar 
would  be  for  noncondensing  conditions  32  lb.  per  kw.-hi 
This  amount  for  the  load  not  required  for  heating  is  usv 
ally  wasted  to  the  atmosphere.  A  cooling  tower  require 
iilimit  1   lb.    of    water    per    pound  of    steam    condense( 
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If  the  water  rate  for  full  vacuum  is  21  lb.  per  kw.-hr. 
at  the  switchboard  then  21  lb.  of  water  will  be  evap- 
orated to  the  atmosphere  from  the  tower,  while  the  21  lb. 
of  condensation  will  be  returned  for  boiler  purposes. 
This  makes  a  net  charge  of  21  lb.  per  kw.-hr.  instead  of  32 
lb.  for  that  part  of  the  load  in  excess  of  the  heating  load. 
Where  the  peak  or  excess  jjower  load  over  that  required 
for  heating  is  500  kw.  or  more,  the  saving  in  water  would 
be  a  considerable  item. 

.  Where  the  hot-water  heating  system  is  combined  with 
the  cooling  tower  there  will  be  only  a  few  hours  in  the 
year  when  some  vacuum  cannot  be  carried  on  the  heat- 
ing load,  and  full  vacuum  can  be  carried  summer  and 
winter  on  all  power  except  that  required  for  the  heating 
system. 

If  a  driven  well  is  available,  although  the  water  may 
be  unfit  for  boilers,  it  would  be  all  right  for  make-up 
water  for  the  cooling  tower,  and  a  limited  flow  wotild  be 
sufficient.  Only  a  small  percentage  of  city  water  would 
be  required  as  the  condensation  in  the  condenser  would  be 
saved. 

If  some  of  the  real-estate  operators  could  see  this  it 
would  make  some  building  operations  pay  where  there 
would  be  a  deficit  under  the  present  arrangement.  It  is 
a  well  established  fact  that  a  condensing  plant  is  25  per 
cent,  more  efficient  than  a  noncondensing  plant,  and 
that  hot-water  heating  with  a  variable  temperature  is  25 
per  cent,  more  economical  than  a  steam  system  operat- 
ing at  a  constant  temperature  without  heat  control.  If  a 
building  used  $20,000  worth  of  fuel  per  year  under  the 
exhaust-steam  heating  method,  the  saving  by  forced  hot 
water  with  condensing  equipment  would  be  $5000,  which 
would  be  sufficient  to  pay  the  interest  on  a  -$100,000 
mortgage  at  5  per  cent.  At  the  same  time  25  per  cent, 
of  the  boiler  capacity  could  be  omitted  with  the  attendant 
saving. 

When  automatic  heat  control  is  aiJjJied  to  a  .steam  sys- 
tem there  would  be  no  saving  during  periods  of  surplus 
power  load,  as  the  same  amount  of  steam  would  be  gen- 
erated whether  utilized  or  not  and  more  woidd  be  thrown 
to  the  atmosphere  than  if  heat  control  were  not  applied. 
The  same  is  true  of  a  hot-water  system  if  the  condensing 
feature  is  not  installed.  Heat  control  on  steam  and 
forced  hot  water  will,  however,  enable  a  saving  to  be 
made  at  night  and  periods  when  the  steam  for  heating 
is  in  excess  of  that  furnished  by  the  power. 

With  a  turbine  unit  on  hot-water  heating  the  same 
load  within  10  per  cent,  can  be  carried  from  Septem- 
ber to  May  and  just  enough  steam  furnished  to  provide 
for  all  outside  weather  changes  from  0  to  70  deg.  by 
simply  varying  the  vacuum.  This  has  been  demonstrated ' 
in  actual  practice.  Overheating  of  the  rooms  will  be 
eliminated  and  there  need  be  no  occasion  for  opening  win- 
dows and  wasting  heat  to  the  atmosphere. 

'J'here  is  no  limit  to  the  height  of  a  building  to  which 
this  system  may  be  api)licd  as  the  system  could  be  divided 
into  independent  units  at  varying  levels  in  order  to  limit 
the  static  head  to  the  commercial  working  pressures  of 
the  apparatus.  It  is  impossible  to  obtain  the  maximum 
power  economy  with  a  hot-water  system  operated  in  this 
manner,  when  the  power  load  furnishes  an  excess  of  ex- 
haust steam,  witlwut  the  cooling  tower,  even  when  it  has 
little  or  no  work  to  do.  Where  the  heating  requirements 
are  in  excess  of  the  power  load  it  is  of  slight  im]iiirt- 
ance  what  may  be  the  water  rate  per  kilowatt-hour,  so 


long  as  the  heating  system  utilizes  the  steam  ex- 
hausted. 

Hot  water  has  been  used  in  many  places  wdiere  long 
distances  were  the  deciding  factor  over  low-pressure 
steam.  If  it  is  feasible  when  the  system  is  spread  over 
a  large  area,  why  not  when  extended  into  the  air,  divid- 
ing the  system  into  units  at  varying  levels? 

If  cooling  towers  and  condensing  equipment  will  pay 
without  any  heating  system  with  cheap  coal  and  a  spur 
track  into  the  plant,  why  will  it  not  pay  in  an  office 
building  with  expensive  coal,  a  heating  system  to  take 
part  of  the  duty  and  a  ventilating  chimney  high  enough 
to  provide  natural  draft  for  the  cooling  tower.  In  many 
cases  a  fresh  air  supply  for  ventilation  in  connection  with 
a  hot-wa',er  system  will  reduce  the  size  of  the  cooling 
tower  still  further. 

When  a  portion  of  the  equipment  is  operated  con- 
densing with  a  cooling  tower,  the  logical  heating  system 
will  be  hot  water,  and  by  means  of  it  the  remainder  of  the 
power  equipment  may  be  operated  under  partial  vacuum, 
so  that  condensing  conditions  may  be  maintained  at  all 
seasons. 

All  of  the  operations  mentioned  previously  are  in- 
dividually common  practice  and  standard  machinery  is 
available.  It  seems  a  logical  conclusion  that  if  they  will 
pay  separately  they  should  give  better  results  wheu  com- 
bined in  one  installation.  The  same  limit  governs  the 
condensing  engine  here  as  elsewhere;  that  is,  a  size  that 
■will  give  sufficient  return  to  pay  interest  and  deprecia- 
tion on  the  extra  equipment.  The  minimum  load  would 
be  about  200  hp.  for  a  fair  percentage  of  the  year.  It 
seems  inconsistent  for  engineers  to  recommend  cooling 
towers  and  condensing  equipments  for  plants  in  one 
locality  and  yet  waste  steam  at  a  higher  rate  in  plants 
of  equal  or  greater  capacity  where  the  conditions  for 
condensing  are  more  favorable. 


Water  Leaves    Boiler 

The  heating  system  in  the  school  in  which  I  am  cm- 
ployed  is  supplied  with  steam  by  three  sectional  cast-iron 
boilers  set  to  blow  off  at  15-lb.  pressure.  It  takes  too  long 
to  get  up  heat  as  I  cannot  let  the  fires  go  full  draft  over 
20  or  30  min.,  before  the  return  pipes  will  start  kicking. 
Then  the  water  begins  to  leave  the  boilers,  requiring  clos- 
ing of  the  drafts  for  a  short  time  to  allow  the  water  to 
return.  Then  the  drafts  are  turned  on  again  and  the 
same  operation  repeated  all  day.  When  the  drafts  are 
closed  there  is  about  l/4-lb.  pressure  and  quite  often  tiie 
riuliators  in  the  wing  of  the  building  are  cold.  The  build- 
ing, which  is  three  stories  high,  is  200  ft.  long  and  G.5 
ft.  wide  for  110  ft.,  the  other  90  ft.  being  50  ft.  wide. 

The  boilers  are  at  the  middle  front  with  a  3l/2-in-  f^i'P- 
ply  pipe  running  each  way  and  also  a  3-in.  pipe  running 
over  the  boilers  to  the  wing  at  the  back.  It  is  a  one- 
pipe  system  with  return  pipes  %.  1  and  IVl  i"-  "Pnr  ^'i^' 
boilers,  except  for  the  ha<'k  wing  which  has  a  1i4-i"-  '"''" 
turn  all  the  way.  T  would  like  to  know  the  cause  of  the 
tro\il)lc  and  hope  Powicn  readers  can  help  me  out. 

LuTHRii  Walling. 

Brant  ford.  Out.,  Canada. 
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Heating  a  School 


In  an  article  in  I'owKi;  of  Ul'v.  Id,  l)y  Fred  L.  Wagner, 
there  are  several  calculations  with  which  1  do  not  (|uite 
agree;  at  least,  I  think  there  may  be  a  better  way  used 
to  arrive  at  the  desired  results. 

As  56,000  cu.ft.  of  air  per  min.  are  to  be  used  for 
ventilating  purposes,  this  air  must  be  raised  from  out- 
door temperature  to  70  deg.  as  given,  but  this  air  will 
have  to  be  raised  to  a  still  higher  temperature  in  order 
to  take  care  of  the  1,122,100  B.t.u.  per  hour  loss  from 
the  walls,  etc.  Letting  T  be  the  final  temperature  re- 
quired and  70  deg.  the  temperature  of  the  room,  gives 
„       55  X  1,132,100 


56,000  X  60 


+  TO  =  88.5  r/(Y/. 


Allowing  6.5  deg.  drop  due  to  radiation  losses  from  the 
piping  between  the  heater  and  rooms,  a  final  temperature 
of  95  deg.  leaving  the  heater  will  be  required  instead  of 
120  deg.  as  suggested  by  Mr.  Wagner. 

From  tables  furnished  by  the  Buffalo  Forge  Co.,  I 
find  that  their  heater  20  rows  deep  with  a  velocity  of 
1200  ft.  per  min.  through  the  heater  will  raise  the  tem- 
perature of  the  air  from  0  to  97  deg. 

Allowing  a  velocity  of  1200  ft.  per  min.  through  the 
heater,  a  clear  area  of 

56,000  -f-  1200  =  46.6  sq.ft. 
will  be  required,  and  using  two  sections  back  to  back  the 
clear  area  of  each  will  be  33.3  sq.ft.,  that  is,  the  heater 
will  be  20  rows  deep  with  a  total  clear  area  of  46.6  sq.ft. 
Referring  again  to  the  tables,  the  square  feet  of  surface 
in  the  ten  four-row  sections  will  be  2900  sq.ft.  instead 
of  the  5400  sq.ft.  allowed  by  Mr.  Wagner.  While  extra 
surface  is  often  added  to  the  heater  to  allow  for  rapid 
heating,  in  school  work  it  is  much  better  practice  to  so 
arrange  the  system  that  the  air  may  be  recirculated  when 
warming  up  in  the  morning. 

Using  3  lb.  of  steam  condensed  per  square  foot  of 
heatins  surface  gives 


2900  X  2 
34.5 


=  168  boiler  hp. 


The  ten  four-row  sections  of  the  7xT-ft.  4-in.  heater  will 
contain  8450  lin.ft.  of  1-in.  pipe  and  under  the  condi- 
tions assumed  will  deliver  706  B.t.u.  per  lin.ft.  per  hr. 

8450  X  706 


960  X  34.5 


180  boiler  hp. 


This  practically  agrees  with  the  editor's  note  in  connec- 
tion with  the  above  article,  and  the  editor's  method  is 
really  the  correct  way  to  determine  the  boiler  horsepower. 
The  sizes  of  fans  and  engines  given  by  Mr.  Wagner  are 
correct  for  the  conditions  he  has  assumed.  The  velocity 
through  the  heater,  1200  ft.  per  min.,  is  too  high  for 
school  work,  as  is  also  the  resistance  of  %  oz.  assumed 
for  the  fan.  By  lowering  the  velocity  through  the  heater 
to  1000  ft.  per  min.  the  resistance  will  be  only  69  per 
cent,  of  that  at  1300  ft.,  thus  reducing  the  pressure  at 
the  fan.  The  conditions  assumed  would  be  all  right  for 
a  shop  but  would  in  all  probability  prove  too  noisy  for  a 
school.  By  using  a  size  larger  fan  at  V^-oz.  pressure  both 
the  speed  and  horsepower  will  be  greatly  reduced.  Using 
two  blowers,  each  with  a  90-in.  wheel  at  170  r.p.m.  will 
require  only  8  hp. 

FliAXK    L.    BUSEY. 

Buffalo,  X.  Y. 


Rearranging  Heating  Coils 

In  the  issue  of  June  11,  page  .S42,  1  showed  a  sketch, 
Fig.  1,  of  a  coil  used  for  heating  one  part  of  our  factory 
and  with  which  we  had  trouble  last  winter.  I  also  asked 
the  readers  for  an  improvement  over  the  method  shown 
in  Fig.  2.     The  200  ft.  of  pipes  were  cut  into  three  sec- 
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Fk;.  2.   Proposed  AuiiAXGEiiENT  of  Coils 

tions.  In  Fig.  3,  two  of  the  three  sections  are  shown. 
The  supply  pipe  was  run  to  the  last  section,  with  a  valve 
near  each  section.  To  allow  for  expansion  and  con- 
traction the  branch  tees  are  connected  to  the  coils,  as 
shown  at  A  in  Fig.  3. 

A  separate  drip  is  run  from  each  section.  To  allow 
for  expansion  in  the  feed  line  to  the  coils  the  branch  pipe 
is  arranged  as  shown  at  B,  Fig.  3.  This  system  has  been 
in  use  for  about  six  weeks,  and  I  believe  that  there  will 
be  no  trouble  this  winter. 

A   short   time    agt)   a    numlier   of   second-hand   steam 


Fig.  3.    Coils  as  Fixally  Akkaxged 


radiators  were  bought  to  be  used  in  the  new  office,  but 
in  the  lot  there  were  none  large  enough  to  furnish  suffi- 
cient heat  for  two  rooms,  each  requiring  100  sq.ft.  of 
heating  surface.  There  were  four  radiators  of  50  sq.ft. 
in  the  lot.  So  I  decided  to  connect  two  of  them  to- 
gether with  a  3-in.  close  nipple.  This  did  away  with 
connecting  each  radiator  separately  to  the  supply  and 
return  lines. 

H.  A.  Jahxkk. 
Milwaukee.  Wis. 
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Commercial  Building  Heating 

\Miat  are  the  reasons  for  the  present  practice  in  the 
heating  of  office  buildings,  stores  and  the  like?  The  com- 
luou  tendency  is  to  operate  the  power  plants  noncon- 
densing,  in  the  winter  at  least,  and  to  use  the  exhaust 
steam  under  some  pressure  above  atmospheric  in  the  heat- 
ing system.  Greater  back  pressure  on  the  engines  means 
higher  steam  consumption,  and  so  long  as  the  extent  of 
the  heating  requires  the  latter,  it  is  Justifiable.  Then  in 
a  sense  the  engine  is  merely  a  reducing  valve  and  the 
power  generated  a  byproduct.  If,  however,  the  engine 
load  is  such  that  more  than  sufficient  exhaust  steam  is 
available  and  some  must  go  to  waste,  there  is  a  corre- 
sponding loss  of  economy. 

A  compromise  is  the  use  of  the  vacuum-heating  system, 
tluis  reducing  the  back  pressure  on  the  engine  and  con- 
sequently the  steam  consumption  not  only  by  lowering  the 
initial  pressure  required  on  the  heating  system,  but  also 
liy  taking  advantage  of  the  condensing  capacity  of  the 
radiation.  This  arrangement  would  be  more  successful 
were  it  not  for  the  difficulty  of  keeping  the  heating  system 
sufficiently  tight.  Where  it  is  practically  impossible  to 
keep  the  entire  heating  system  air-tight,  it  is  not  a  diffi- 
cult matter  to  maintain  a  vacuum  of  over  twenty  inches 
in  a  short  exhaust  pipe  and  the  heater  of  a  hot-water 
sy.«tem.  Where  the  i)ower  balances  the  heating  in  zero 
weather,  it  would  be  jjossible  to  run  under  considerable 
vacuum  for  five  out  of  the  seven  months  of  heating  and 
at  full  vacuum  the  other  five  months  of  the  year.  Blow- 
ing the  exhaust  to  atmosphere  from  hundreds  of  horse- 
power at  a  rate  approaching  forty  pounds  per  kilowatt- 
hour  is  by  no  means  economical.'  A  rather  strong  argu- 
ment for  a  condensing  ])lant  in  connection  with  hot- 
water  heating  as  the  solution  of  the  problem,  is  put  forth 
in  an  article  on  page  88.  It  is  contended  that  this  com- 
bination would  reduce  the  steam  consumption  one-third, 
and  by  the  use  of  a  cooling  tower  the  amount  of  water 
for  tiie  plant  would  be  reduced  in  the  same  ])roportion. 

With  a  condenser  of  the  surface  tyi)c,  water  unfit  for 
boiler  use  might  be  circulated  througli  the  cooling  tower 
and  the  water  drawn  from  the  city  mains  reduced  to  a 
negligible  quantity.  In  a  year's  run  the  cost  of  water  is 
an  important  item  and  another  is  the  possible  reduction 
in  Ijoiier  capacity  by  operating  condensing.  Tiiese  two 
items  as  well  as  the  .saving  in  steam  consumption,  must 
be  balanced  against  the  investment  over  and  above  the 
cost  of  an  ordinary  noncondensing,  exhaust-steam-heating 
plant. 

Where  power  is  required  to  any  extent  in  the  building. 
tlic  exhaust  steam  will  l)e  considerably  in  excess  of  the 
demands  for  heating.  In  such  a  case  one  of  the  units  in 
the  plant  could  be  made  to  cover  the  heating  aiul  operate 
under  partial  vacuum,  while  the  others  could  be  operated 
at  full  vacuum.  As  a  matter  of  fact  this  same  arrange- 
ment might  be  applied  to  the  ordinary  noncondensing 
plant.  That  part  of  the  load  in  excess  of  the  heating 
might  be  operated   condensing,   or  even   at   almos|iberic 


pressure.  There  is  no  occasion  to  impose  three  pounds 
back  pressure  or  perhaps  more  on  the  entire  system,  when 
a  saving  worth  while  in  some  cases  might  be  effected. 

There  is  much  to  be  said  on  the  other  side,  and  it  is 
hoped  that  those  in  a  position  to  discuss  this  question 
authoritatively  will  do  so.  As  stated  in  the  article  the 
discussion  does  not  refer  to  plants  carrying  a  normal 
load  under  two  or  three  hundred  kilowatts.  There  must 
be  reasons  why  so  many  engineers  favor  the  present  com- 
monest practice.  Let  us  have  them,  as  the  subject  is  well 
worth  a  little  attention. 


One  Way  to  Know 

Failures  can  be  counted  by  hundreds  in  the  immediate 
vicinity  of  most  of  us.  Projects  which  looked  promising 
to  the  individuals  who  had  spent  hours  thinking  about 
them,  were  failures  from  the  start. 

Engineers  have  found  plant  conditions  such  that  it  was 
evident,  even  to  the  inexperienced,  that  something  was 
wrong,  but  what  to  do  to  remedy  the  trouble  was  a 
mystery.  Eemedies  that  could  not  possibly  prevent  the 
trouble  have  been  tried,  while  at  other  times  nothing  was 
done,  because  the  engineer  did  not  know  what  to  do. 

In  one  instance  the  rear  tubes  of  a  return-tubular 
boiler  began  to  leak.  This  was  a  preplexing  experience 
to  the  engineer  in  charge,  who  was  new  to  the  work.  He 
had  no  idea  as  to  the  cause,  but  was  told  it  was  becau.se  of 
an  accumulation  of  scale  on  the  rear  head  and  around 
the  tubes  at  the  back  end.  As  a  matter  of  fact,  scale  did 
have  something  to  do  with  the  trouble,  but  it  was  mainly 
due  to  blowing  down  the  boiler  while  under  steam  pres- 
sure, washing  it  out  with  cold  water,  refilling  it  and  rais- 
ing steam  in  the  shortest  possible  time,  sometimes  not 
more  than  an  hour  being  taken  to  do  so. 

This  man  did  not  know  any  better  than  to  abuse  the 
boiler,  and  instead  of  removing  the  scale  and  taking  a 
longer  time  to  generate  steam  from  cold  water,  the  scale 
was  allowed  to  remain  on  the  tubes  and  head,  and  steam 
generated  in  the  quickest  possible  time.  Now  this  en- 
gineer was  ignorant  concerning  the  damage  he  was  doing 
the  boiler,  not  because  nothing  had  been  published  re- 
garding the  evil  effects  of  scale,  of  hastily  generating 
steam  or  of  forcing  the  fires  under  a  cold  boiler,  but  be- 
cause he  had  not  read  what  bad  been  ]Miblished  regarding 
these  subjects. 

In  another  in.stance  a  ]nim]i  would  not  pick  up  water, 
due  to  a  high  suction  lift  and  no  foot  valve  on  the  suc- 
tion pipe.  It  re(|uired  the  service  of  a  ]iump  man  to 
remedy  flie  matter,  who  put  in  a  foot  valve.  The  en- 
gineer knew  where  the  trouble  was,  but  did  not  know  how 
to  remedy  it.  .Another  case  of  not  reading  what  had 
been  ])ublishod  regarding  the  subject. 

Tliese  two  incidents  bring  us  to  (lie  jioiut  at  issue: 
lack  of  knowledge,  due  to  lack  of  reading.  Some  engi- 
neers are  like  the  small  boy  in  the  first  grade  of  the  day 
school,  who  wanted  his  father  to  write  down  n  ffw  proli- 
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lems  in  arithmetic.  TVhen  the  bo_y  found  that  they  were 
a  little  more  difficult  than  those  to  which  he  had  been 
accustomed,  he  threw  down  his  paper,  saying  they  were 
too  hard  and  not  what  he  wanted.  Sums  of  two  and 
two,  etc.,  would  have  been  easy,  but  useless,  because  the 
boy  already  knew  them. 

Are  not  many  engineers  in  the  same  class  with  the 
small  boy?  Is  it  not  a  fact  that  they  do  not  think  it 
necessary  or  of  advantage  to  themselves  to  read  articles 
dealing  with  engineering  subjects  with  which  they  are 
not  familiar? 

Do  they  realize  that  an  article  relating  to  some  en- 
gineering features  foreign  to  the  plant  they  operate  may 
be  of  such  character  that  the  information  gained  from 
reading  it  may  be  of  much  value  in  after  years?  There 
are  many  engineers  who  have  profited  by  such  reading 
long  after  the  article  had  been  destroyed  and  apparently 
forgotten. 

In  this  age  of  progress  the  man  who  expects  to  keep 
pace  with  the  times  cannot  expect  to  learn  ever}i:liing 
for  himself  by  experience ;  he  must  take  advantage  of  the 
published  experiences  of  others.  It  will  save  mistakes, 
and  much  overtime  and  discouraging  hard  work. 

Should    the    Engineer  Be  Factory 
Fire   Chief? 

Due  to  the  hea\"y  losses  of  life  and  property  by  fire  in 
recent  j'ears,  the  need  of  means,  compulsory  and  voli- 
tional, for  fire  prevention,  is  justly  emphasized. 

When  thousands  of  workers,  most  of  them  females, 
are  housed  in  one,  or  at  most,  a  few  buildings  and  par- 
ticularly if  the  product  manufactured  is  highly  inflam- 
mable, numerous  and  unobstructed  exits,  alarm  systems, 
fire  pumps  and  other  fire  defensive  equipment,  and  regu- 
lar fire  drills  become  a  necessity. 

The  factory  fire  chief  who  usually  directs  this  part  of 
the  organization  and  cares  for  the  mechanical  and  elec- 
trical equipment  should,  besides  being  a  good  organizer, 
be  a  man  of  mechanical  training  and  ideas.  So  much  of 
the  fire  preventive  and  fire-fighting  equipment  comes 
within  the  engineer's  department  that  he,  in  many  places, 
is  selected  by  the  management  to  act  as  factory  fire  chief. 
Xo  doubt  the  selection  is  logical,  for,  besides  being  quali- 
fied to  competently  care  for  the  necessary  mechanical  and 
electrical  equipment,  he  is,  generally,  the  best  man  to 
work  out  new  devices  and  improvements  which  conduce 
to  a  higher  effectiveness  of  the  fire-fighting  system. 

The  appointment  of  the  engineer  as  factory  fire  chief 
has  its  disadvantages.  The  thing  to  remember  is  that 
he  is  responsible  for  the  power  plant  and  often  his  whole 
time  must  be  devoted  to  such  duties.  Furthermore,  the 
additional  equipment  for  fire  prevention  and  fighting  in- 
creases his  duties  because  he  alone  is  capable  of  caring 
for  such  equipment.  The  proper  care  of  sprinkler  sys- 
tem, extinguishers,  alarm  systems,  pumps,  etc.,  is  all 
that  should  bg  expected  of  the  engineer  in  addition  to  his 
regular  work. 

Let  someone  with  less  exacting  duties  and  with  char- 
acter and  judgment  equal  to  that  of  the  engineer  be  ap- 
pointed factory  fire  chief  to  take  charge  of-  the  fire  drills, 
etc.  The  logical  relation  of  the  endneer  to  this  depart- 
ment should  be  as  adviser  regarding  the  necessary  me- 
chanical equipment.    To  expect  him  to  care  for  a  large 


plant  and  assume  the  functions  of  the  factory  fire  chief, 
and  maintain  both  departments  in  a  state  of  high  effi- 
ciency is  too  much.  Where  the  plan  is  tried  it  is  likely 
to  result  in  both  departments  being  too  much  neglected. 

Discussion  of  Engineering  Subjects 

In  this  issue,  page  (94)  we  print  a  letter  from  a  con- 
tributor who  tells  of  a  progressive  company  that  formed 
a  reading  club'  in  its  engineering  department  for  the 
purpose  of  discussing  articles  that  appear  in  engineer- 
ing papers.  The  members  are  assigned  to  papers  and 
make  abstracts  of  articles  most  suited  to  the  club's 
purpose.  After  the  abstract  is  read  and  discussed  it  is 
filed  for  reference. 

The  many  advantages  of  such  a  plan  are  at  once 
apparent.  Perhaps  other  companies  will  form  such 
clubs  if  their  engineers  work  toward  that  end.  The 
letter  reminded  us  chiefly  of  the  deplorable  lack  of  dis- 
cussion on  subjects  valuable  to  every  engineer  by  most 
engineering  societies. 

Among  some  societies  composed  mostly  of  the  rank 
and  file  of  practical  power  plant  men,  there  is  a  dirth 
of  such  discussion  that  is  positively  inexcusable.  After 
attending  many  meetings  one  gets  the  impression  that 
the  organization  has  entirely  missed  its  fundamental 
purpose. 

The  social  end  of  an  engineering  organization  is  of 
great  importance,  but  if  the  bulk  of  attention  is  centered 
on  this  feature  the  charter  ought  to  be  revised  to  apply 
to  a  glee  club.  Every  engineer,  however  competent, 
meets  with  perplexing  experiences  that  are  of  interest 
and  value  to  every  other  engineer,  ilany  engineers  are 
confronted  with  problems  that  they  find  it  difficult  to 
master  without  assistance.  At  the  meetings  and  through 
the  power-plant  papers,  these  experiences  and  problems 
should  be  related  and  discussed  so  that  practical  benefit 
to  a  large  ntimber  may  come  of  them. 

If  more  time  was  thus  spent  instead  of  taking  up  the 
evenings  with  parliamentary  quibbles,  and  good,  but  too 
much  entertainment,  the  purpose  of  the  organizations 
would  be  better  realized.  It  would  seem  a  suggestion 
worthy  of  consideration  that  such  organizations  make 
it  a  practice  of  carrying  out  some  such  plan  as  tliat 
described  bv  our  contributor. 


Bourne's  "Handbook  on  the  Steam  Engine,"  pub- 
lished in  1866,  contains  (page  154)  the  following  inter- 
esting table : 

.4/  the  afmosplieric  pressure,  and  starting  at  212  deg. 
F.,  the  following  estimates  of  the  latent  heat  of  steam 
have  heen  formed  by  the  best  authorities: 

Watt 950  Despretz 955.8 

Southern .  945  Regnault 966 . 1 

Lavoisier.  .  1000  Fabre  and  Silbermann 964.8 

Runaford...  1008  3 

Eegnault's  estimate  was  then  regarded  as  the  most  ac- 
curate. He  is  also  credited  with  giving  965.7  as  the 
latent  heat  of  evaporation.  Today  the  generally  ac- 
cepted value  is  970.4,  as  given  in  the  Marks  &  Davis 
steam  tables. 


The  index  for  the  second  half  of  Power  for  1912  will 
be  mailed  with  the  Jan.  28  issue. 
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Gas    Engine  Jacket   Water  Piping 

A  gas  engine  liad  to  be  cooled  with  water  from  a  large 
tank  50  ft.  above  it.  It  was  decided  not  to  waste  the 
water  but  to  return  it  to  tlie  tank  where  tlie  few  added 
heat  units  wonld  do  no  harm  in  the  body  of  constantly  re- 
plenished water.  Since  this  tank  would  sometimes  be 
nearly  empty,  it  was  not  desirable  to  add  an  upstanding 
length  of  pipe  to  insure  that  the  circulation  should  be 
always  one  way. 

The  instructions  given  to  the  pipe  fitter  were  to  install 
lioth  rising  and  down  pipes  shaped  as  the  pipe  A  so  that 
the  whole  length  of  each  pipe  would  have  no  horizontal 
length  in  it  except  the  unavoidable  length  at  C.  In.stead 
of  doing  so  he  connected  them  shaped  as  pipe  B,  whicli 
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CONNECTIOXS   FOR    GaS-ENGINE   JaCKET    WaTER 
f'lRcrLATION 

has  a  horizontal  piece  of  several  feet  and  with  elbows  at 
ail  turns.  Tlie  down  ])ipe  B  was  left  thus,  but  the  rising 
pi])e  A  was  made  hirger,  all  its  bends  were  made  large 
and  the  Icngtli  A  was  inclined  as  shown. 

.Vssuranccs  were  given  by  some  that  the  water  could  not 
'  iiculate,  though  they  could  offer  no  reason  why.  When 
ill'-  engine  began  to  run  it  u]iset  their  calculations  en- 
liicly,  for  the  circulation  was  more  than  sufficient.  But 
it  also  upset  my  notions,  for  the  pipe  B  was  the  hot  ]ii]io, 
and  A  was  the  supply,  while  water  flowed  into  the  top  of 
llic  jacket  and  out  at  its  base.  This  did  not  matter  for 
the  object  sought  was  attained,  although  it  did  not  last. 
Sometimes  the  circulation  goes  one  way,  at  others  it  goes 
the  opposite. 

The  larger  pipe  A  was  ini ended  (o  bcli)  (be  wnrni  water 
to  get  fway  freely,  but  the  circiilalion  seems  to  select 
either  way  indifFerently,  and  T  am  by  no  means  sure  that 
the  supposed  wrong  way  around  is  not  the  better  way  for 


the  cylinder,  for  it  tends  to  a  better  cooling  effect  on  that 
part  of  the  cylinder  toward  which  heat  is  supposed  to 
tend,  and  on  which  the  lubricating  oil  is  least  inclined  to 
stay.  The  flow  is  throttled  to  keep  the  jacket  thermom- 
eter at  120  deg.,  and  thus  we  get  the  cooling  effect  we 
want,  economize  good  softened  water  and  save  the  usual 
steaming  cylinder  of  the  ordinary  circulation  system. 

W.  II.  Booth. 
London,  Englaml. 

Using  Rejected  Packing 

The  accompanying  illustrations  are  intended  to  show 
how  a  stock  of  asbestos  gaskets  which  had  been  rejected 
as  iiseless  was  made  serviceable.  The  supply  was  bought 
with  ihe  intention  of  replacing  the  flat  and  tubular  rub- 
ber gaskets  that  had  formerly  been  used,  the  idea  being 
to  reduce  the  expense  on  this  item.  A  section  of  this 
kind  of  gasket  is  shown  below,  but  when  they  were 
applied  every  man  and  handhole  plate  leaked  more  or 
less  and  they  had  to  be  removed  and  rubber  ones  put 
in. 

The  chief  was  looking  at  that  pile  of  gaskets  one  daj 
when  he  got  the  right  idea.  He  split  one  of  the  gas- 
kets apart  and  wound  several  layers  of  asbestos  wict. 
packing  between  the  layers  and  j)ressed  the  parts  to- 
gether again,  a  ssliown  in  the  lower  illustration. 


ASRI^IOS    (!\sMI     AMPH    L\Air    W  T<  I\     lO    (iIM      1t 
SOKTNESS 

The  cushion  thus  created  gave  sufficient  flexibility 
and  elasticity  to  allow  the  hard  layers  of  asbestos  cloth 
to  fill  (lie  indentations  of  the  plate  and  ring  and  wlu'n 
they  were  a]iplied  the  job  was  tight  "for  keeps"  as  the 
chief  expressed  it. 

Now  when  the  plates  are  removed  for  boiler  clean- 
ing the  old  layers  of  asbestos  wick  are  pulled  out  and 
new    ones    inserted,    and    the   gasket   is   liberallv    conted 
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with  graphite.  These  gaskets  may  be  iised  again  and 
again,  and  can  be  depended  upon  to  be  tight.  The  ex- 
pense of  renewing  the  wick  packing  is  hardly  worth  men- 
tioning. 

W.    F.    ilEIXZEK. 

Brooklyn.  X.  Y. 

Engineers'  Reading  Club 

ilauy  engineers  complain  that  they  have  not  time  to 
read  the  current  power-plant  papers,  others  say  they 
cannot  afford  to  subscribe  to  the  magazine  or  paper  they 
are  most  interested  in,  while  some  very  foolishly  believe 
that  it  is  not  necessarj-  to  read  of  the  doings  in  up-to-date 
power  plant  work. 

To  overcome  this  objection  and  also  to  bring  the  men 
in  closer  personal  contact,  thereby  promoting  more  con- 
genial working  conditions  tending  to  better  efficiency, 
the  engineering  department  of  a  well-known  company 
formed  a  club  which  meets  bi-weekly  for  the  purpose  of 
discussing  articles  in  engineering  magazines.  Each  mem- 
ber of  the  club  is  assigned  a  paper  or  magazine  and 
where  there  is  much  reading  matter  to  be  covered,  two 
or  more  men  are  assigned  to  a  pai>er  to  assist  in  the  prep- 
aration of  abstracts  from  articles. 

These  abstracts  are  intended  to  bring  out  the  most 
essential  features  of  the  articles.  A  note  relative  to  the 
author  is  also  made.  The  abstracts  are  written  on  stan- 
dard size  sheets  and  after  the  meeting  are  put  in  the 
permanent  file  of  the  department  where  they  remain 
available  at  all  times. 

The  company  makes  it  a  practice  to  subscribe  to  many 
of  the  leading  magazines,  so  the  data  are  compiled  at  no 
expense  to  the  club  members  and  no  more  effort  than 
any  engineer  might  put  forth  in  compiling  data  for  his 
own  personal  iise,  not  to  mention  the  great  advantage 
to  be  gained  from  the  discussion. 

MOUGAX  G.  JOHXS. 

Philadelphia.  Penn. 

Ashes  Promote  Pipe  Corrosion 

The  use  of  ashes  as  a  tilling  for  trenches  wherein  are 
laid  steam  pij^es  or  water  pipes,  whether  galvanized  or 
black  iron,  cannot  be  too  strongly  condemned.  Unless 
the  pipes  are  thoroughly  insulated  from  the  moi.sture  pre- 
vailing in  the  earth  surrounding  them,-  serious  and  rapid 
corrosion  of  the  pipe  is  sure  to  result.  This  fact  does 
not  seem  to  be  generally  realized,  as  in  many  industrial 
plants  where  pipes  are  laid  throughout  the  yards,  the 
ashes  are  dumped  into  the  yards  directly  over  the  pipe 
lines.  The  result  is  that  these  lines  must  be  taken  up 
frequently  and  renewed. 

In  one  plant  of  which  I  had  charge  Ijubljles  of  water 
and  sand  were  noticed  directly  above  where  a  pipe  was 
located.  This  was  a  return  pipe  and  had  Ijeen  installed 
previous  to  my  coming  to  the  plant.  After  excavating  the 
pipe  we  found  that  several  holes  had  been  eaten  in  the 
top  of  it.  This  allowed  the  pipe  to  leak,  but  being  a 
return  pipe,  there  was  often  a  vacuum  in  it,  especially  at 
night,  when  the  plant  was  shut  down.  This  allowed  dirt 
and  mud  to  be  drawn  into  the  pipe,  which  with  ashes 
were  sucked  through  the  pipe  and  into  the  receiver,  and 
finally  drawn  into  the  feed  pump,   getting  under  the 


valves  and  holding  them  off  their  seats,  completely  crip- 
])ling  the  pump,  scoring  the  sleeves  in  the  water  end  and 
doing  other  serious  damage. 

At  the  time  it  was  not  realized  just  what  had  caused 
the  pump  valves  and  sleeves  to  wear  so  badly.  Neither 
was  it  known  just  how  the  pipe  had  become  so  badly  cor- 
roded. After  the  new  pipe  was  put  in,  it  did  not  last 
more  than  fifteen  months,  and  we  also  experienced  the 
same  trouble  with  the  receiver  and  pump.  When  the  sec- 
ond pipe  was  put  in  it  was  thoroughly  isolated  from  the 
surrounding  soil  by  being  put  in  a  box  filled  with  sawdust. 
The  ashes  were  also  removed  from  this  place  and  de- 
posited at  another  part  of  the  yard  where  there  were  no 
pipe  lines. 

Another  instance  that  seems  to  prove  that  ashes  and 
moisture  combined  act  as  a  severe  corrosive  agent,  is  that 
related  by  a  friend  of  mine.  While  on  top  of  one  of  the 
boilers  one  day,  he  saw  steam  coming  up  through  the 
covering,  which  consisted  of  about  three  inches  of  ashes 
on  top  of  the  usual  asbestos.  Investigation  revealed  that 
the  steam  pipe  above  the  boiler  had  been  leaking  and  al- 
lowed water  to  drop  down  on  the  ashes,  creating  a  chem- 
ical lye  or  something  which  had  eaten  a  hole  through  the 
top  of  the  boiler  plate.  The  inspector  was  called  and  im- 
mediately reduced  the  allowable  pressure  from  110  to  40 
lb.,  until  repairs  could  be  made. 

The  leaking  of  water  legs  in  boilers  has  been  traced 
to  wetting  the  ashes  in  the  ashpit,  and  in  some  eases 
this  has  caused  no  end  of  patching  below  the  grate. 

A.  C.  Waldeon. 

Revere.  Mass. 

Home  Made  Force  Pump  Lubricator 

The  following  fittings  can  be  found  in  almost  any  en- 
gine-room equipment  and  when  put  together,  according 
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Pump  Luekicatopv  Made  of  Fittings 

to  the  illustration,  will  make  a  serviceable  oil  hand-punii) 
that  can  be  attached  to  any  engine  cylinder : 

one  ix3-in  nipple 

one  ^x|-in  reducing  covipling 

one  i-in.  plug 

one  i-in.  coupling 

one  fxy-in.  tee 

one  round  iron  rod  Jx5-in. 

four  J-in.  close  nipples 

one  i-in.  ell 

two  J-in.  check  valves 

one  lubricator  oil  reser\'oir 

one  old  file  handle. 

The  plug  should  have  a  V^-hi.  hole  drilled  through  the 
top  and  can  be  used  as  the  packing  gland,  and  the  re- 
ducing coupling  as  the  stuffing-box. 

Fred  L.  Wagneu. 

Chicago,  111. 
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Pump  Diagrams  for  Comment 

In  your  issue  of  Oct.  15.  you  publislied  three  in- 
dicator diagrams  taken  from  a  vertical  triple-expansion 
pumping  engine  28,  5-4  and  SO  by  CO  in.  with  30-in. 
plungers  and  having  a  capacity  of  20,000,000  gal.  The 
letter  was  written  by  John  Burnes  of  Columbus,  Ohio. 

I  enclose  two  cards  taken  from  a  cross-compound  pump 
2(1,  39  and  111/2  by  IGi^-in.  stroke  having  a  capacity 
of  3,000,000  gal.  at  40  r.p.m.  with  225-ft.  elevation  of 
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Low-pressure  Side 


HlGH-PRESSUKK  SiDE 


discharge.  The  suction  lift  is  141^  ft.  An  80-lb.  spring 
was  used  in  the  indicator  producing  the  diagrams.  I 
would  like  Mr.  Burnes  or  other  readers  to  criticise 
these  diagrams  and  advise  what  I  can  do  to  improve 
the   action   of  the   pump. 

Olean,  X.  Y.  E.  A.  Homer. 

Interesting   Boiler   Experience 

Referring  to  the  article  appearing  under  the  above 
heading  in  the  Nov.  5,  1!)12,  issue  of  Power  and  signed 
by  Thomas  Sheehan,  North  Adams,  Mass.,  I  beg  to  state 
that  while  Mr.  Sheehan's  article  describes  the  difficulty 
encountered,  it  does  not  correctly  state  the  real  cause  of 
the  difficulty,  nor  how  it  was  overcome. 

The  facts  in  the  case  are  that  the  load  upon  the  Hoosac 
Tunnel  power  plant  of  the  Berkshire  Street  Ry.  has  been, 
and  still  is,  very  irregular,  varying  from  extremely  light 
loads  to  considerable  overloads,  the  latter  lasting  but  a 
few  moments,  then  going  off  almost  entirely. 

\\'ith  the  boilers,  vyhich  are  equipped  with  Taylor  un- 
der-feed stokers,  under  fire,  and  generating  only  suffi- 
cient steam  to  operate  the  exciter  units,  and  the  main 
units  very  lightly  loaded,  the  fires  are  comparatively  dead. 
When  the  overload  comes  on,  an  automatic  valve  con- 
trolled by  the  steam  pressure  instantly  open.s  the  forced- 
draft-fan  steam  supply  wide,  starting  up  the  turbine- 
driven  forced-draft  fans  to  their  highest  speed,  and  al- 
most immediately  bringing  the  fires  on  the  stokers  to  a 
state  of  high  incandescence.  This  is  accompanied  by  a 
very  sudden  drop  in  steam  pressure. 

When  the  load  goes  off,  the  conditions  are  reversed, 
the  fires  being  immediately  deadened  i)y  the  cutting  off 
of  the  air  supply,  and  it  wa.s  originally  the  practice  of 
the  power-plant  attendants  to  open  all  the  doors  on  the 
boilers  which  they  could  reach,  to  rapidly  cool  the  fires 
by  admitting  cold  air  over  the  fuel. 

This  entire  cycle  im])osed  about  as  severe  conditions 
upon  the  boilers  in  question  as  it  was  po.ssii)lc  to  obtain, 


and   conditions  which   are   more  extrenu'  than   anv   now 
known  to  the  writer. 

As  Mr.  Sheehan  states,  tube  failures  were  uot  at  first 
encountered;  but  after  the  plant  had  been  in  operation 
for  a  time,  tube  failures  began,  and  grew  more  and  more 
frequent.  This  condition  seemed  to  be  entirely  beyond 
analysis  by  any  of  the  power-plant  crew,  and  it  was  uot 
until  the  manufacturers  were  called  into  consultation  that 
it  was  found  that  the  tubes  in  question  were  covered  with 
a  scale  from  j\  to  1/4  in-  thick.  The  feed  water  from 
which  this  scale  was  formed  came  from  artesian  wells 
near  the  plant,  and  analyses  of  the  scale  showed  its 
composition  to  be  as  follows : 


Silica 

Oxides  of  iron  and  aluminum. 

Calcium  sulphate 

Calcium  carbonate 

Magnesium  hydrate 


4.59 
2.00 

25  00 
1.30 

67.11 


Tobal 100.00 

The  silica  and  iron  ami  aluminum  oxides  form  scale 
only  in  the  presence  of  other  ingredients.  The  calcium 
sulphate  precipitates  out  at  boiler  pressure  and  tempera- 
ture and  mixes  with  the  other  material,  forming  a  hard 
scale  which  is  a  very  poor  conductor  of  heat.  The  cal- 
cium carbonate  forms  a  bulky  scale  which  is  not  very 
hard.  The  magnesium  hydroxide  in  combination  with 
calcium  sulphate  forms  a  hard,  stony  .scale,  but,  in  this 
case,  owing  to  the  large  excess  of  magnesium  hydroxide, 
the  scale  formed  is  rather  soft  and  chalky. 

What  probably  occurred  inside  the  boiler  with  the  op- 
erating conditions  as  experienced  was  as  follows: 

The  specific  gravity  of  the  magnesium  compounds  be- 
ing near  that  of  the  water,  these  compounds  were  held 
in  suspen.se  for  some  time,  gradually  settling  during  the 
light-load  periods  when  the  circulation  in  the  boilers 
was  not  active,  and,  owing  to  the  slight  inclination  of  the 
front  tubes,  these  scale-forming  compounds  would  nat- 
urally adhere  to  the  side  of  the  tubes  next  to  the  fire. 
With  the  recurring  variations  from  very  light  load  to 
overload  the  scale  above  mentioned,  fV  in-  ov  more  in 
thickness,  adhered  to  the  tubes,  and  when  under  the 
overload  conditions  the  fire  was  .suddenly  urged  to  ex- 
treme activity,  the  high  temperature  imposed  on  the 
outside  of  the  tubes  would  cause  the  metal  to  become 
overheated,  and  the  tubes  to  bow  toward  the  fire,  as  indi- 
cated by  the  illustration  in  Mr.  Sheehan's  article. 

If  there  had  been  a  constant  load  of  some  fair  size 
upon  the  boilers,  and  no  comjiaratively  frequent  periods 
of  considerable  duration  of  extremely  light  load,  it  is 
l)robable  that  the  circulation  would  have  carried  the 
scale-forming  particles  into  the  back  .sections  where  the 
circulation  is  comparatively  inactive,  and  the.«e  particles 
would  have  been  precipitated  in  the  rear  units,  dropped 
into  the  mud  drums,  from  which  they  would  have  been 
removed  at  intervals  through  the  blow  ofi'.  This  would 
also  have  been  true  if  the  water  had  been  of  a  ilifTcreiit 
nature,  and  impurities  ordinarily  encountered  except 
magnesium   had  been  present,  .so  that    such    impurities 
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would  not  have  been  so  readily  carried  forward  by  the 
circulation  to  be  left  in  the  forward  tubes  during  the  pe- 
riods of  comparative  inactivity. 

The  first  care  of  the  station  operators  should  have  been 
to  examine  the  boilers  internally,  and  determine  whether 
their  internal  condition  was  satisfactory.  The  scale 
formed  upon  the  tube  surfaces  was  an  excellent  insulator 
to  the  passage  of  heat.  As  the  boilers  have  since  been 
cleaned,  and  treatment  of  the  water  has  been  instituted, 
the  troubles  referred  to  have  disappeared. 

The  plant  is  at  present  operating  quite  satisfactorily 
under  conditions  sufficiently  severe  to  probably  make  a 
great  deal  of  trouble  with  any  apparatus  which  is  not 
especially  adapted  for  handling  the  most  extreme  varia- 
tions of  load  in  the  shortest  possible  time. 

New  Haven,  Conn.  E.  S.  Cooley. 

The  Allis-Chalmers  Engine 

It  was  with  pleasure  that  1  read  the  article  in  the  is- 
sue of  Sept.  17,  on  the  new  Allis-Chalmers  engine.  I  am 
particularly  interested  because  the  chief  features  of  this 
engine,  which  lead  to  the  excellent  results  (so  far  as 
steam  consumption  is  concerned),  are  exactly  copied  from 
the  construction  of  the  Eice  &  Sargent  engine,  which  Mr. 
Sargent  and  myself  designed  about  nineteen  years  ago. 
and  which  has  been  on  the  market  since  that  time  with 
excellent  success. 

I  refer  to  the  double-ported  steam  valves  located  close 
to  the  cylinder  port,  and  the  double-ported  exhaust  valves, 
partly  projecting  into  the  cylinder,  but  sufficiently  be- 
yond the  piston  travel  to  be  out  of  danger  of  contact 
therewith.  Also  to  the  steam  valves  moved  by  direct 
lever  motion  in  contrast  to  the  usual  wristplate  motion, 
thereby  permitting  the  engine  to  cut  off  as  late  as  three- 
quarters  of  the  stroke;  whereas  the  wrist  motion  limits 
cutoff  to  between  0.4  and  1/2  stroke,  while  the  exhaust 
valves  are  moved  by  a  separate  eccentric  and  coupled  to 
the  usual  wrist  motion. 

These  are  the  essential  features  of  the  Rice  &  Sargent 
engine,  and  it  is  gratifying  that  after  19  years  the  Allis- 
Chalmers  Co.  has  adopted  these  points. 

So  far  as  I  can  ascertain  from  an  inspection  of  the 
article,  the  only  novel  feature  about  the  engine  is  the 
governor,  and  this  departure  from  the  Rice  &  Sargent 
design  would  hardly  seem  to  be  warranted,  as  the  gov- 
erning mechanism  is  more  complicated  than  the  inertia 
governor  used  by  us,  without  being  so  sensitive  in  pro- 
viding against  variations  in  speed. 

One  other  point  which  was  provided  for  in  the  Rice  & 
Sargent  engine,  which  does  not  seem  to  have  been  in- 
corporated in  the  Allis-Chalmers  machine,  so  far  as  the 
drawings  show,  was  provision  for  expansion  of  the  steam 
cylinder  without  throwing  it  out  of  line,  at  the  same  time 
without  introducing  any  stresses  in  the  foundation  or 
bediilate.  I  commend  this  point  to  the  designers  of  the 
Allis-Chalmers  company. 

West  Lynn.  Mass.  Richakd  H.  Rice. 

State  Boiler  Inspection 

The  editorial  under  this  heading  in  the  Dec.  3  issue 
was  read  with  much  interest  and  it  brought  out  some 
verv  good  points.  There  has  been  a  large  number  of 
serious  boiler  explosions  in  the  last  few  years  and  if  the 


daily  papers  would  show  them  up  as  Power  does,  the 
public  would  soon  demand  protective  laws.  But  there 
was  one  statement  in  the  editorial  that  I  wish  to  take 
exception  to.  It  was  stated  that  Massachusetts  and  Ohio 
were  the  only  states  having  such  laws  and  enforcing 
them.  Montana  also  has  very  good  boiler  laws  and  com- 
petent inspectors  to  see  that  they  are  enforced. 

Each  stationary  boiler  in  this  state  has  to  be  inspected 
once  during  each  year.  The  inspectors  are  very  careful 
and  thorough  in  their  work.  I  worked  in  one  plant  where 
they  required  the  pressure  to  be  reduced  from  125  to 
110  lb.,  and  the  boilers  were  not  over  seven  years  old. 
They  also  ordered  the  steam  pipes,  traps  and  blowofl 
pipes  kept  in  good  condition.  I  have  been  in  Montana 
eight  years  and  have  not  heard  of  a  serious  explosion  in 
that  time.  Any  man  in  charge  of  boilers  who  has  to 
attend  to  the  water  must  have  a  third-class  engineers' 
license.  To  be  able  to  take  the  examination  he  must 
have  had  at  least  one  year's  experience  in  firing  or  run- 
ning steam  boilers  or  engines.  To  get  a  first-class  license 
an  applicant  must  have  had  three  years'  experience. 

Some  engineers  complain  about  state  boiler  inspection 
and  license  laws,  but  when  a  man  steps  into  a  plant  which 
has  been  inspected  by  a  competent  inspector  he  feels  safer 
than  he  would  if  the  plant  had  never  been  inspected. 
Hauold  J.  WiLKIXSOX. 

Livingston.  Mont. 

Stick  Phosphorus  for  Flue  Gas  Analysis 

The  point  made  by  G.  W.  Munro  in  the  Dec.  3  issue 
about  washing  off  the  sticks  of  phosphorus,  while  good,  is 
not  a  thing  requiring  frequent  performance.  Taking  100- 
e.e.  samples  of  free  air,  100  such  samples  would  contain 
about  2100  c.c.  of  oxygen,  which  would  weigh  3.003  grams. 
This  would  burn  with  3.879  grams  of  phosphorus  to 
P2O3,  and  with  2.327  grams  of  phosphorus  to  V„0^  (in 
moist  air,  such  as  exists  in  a  gas  apparatus,  the  combus- 
tion product  is  a  mixture  of  the  two).  In  the  first  case 
only  1.126  c.c.  of  water  would  be  necessary  to  convert  the 
P2O3  to  IIPO. ;  in  the  latter  only  0.675  c.c.  of  water  to 
convert  the  P„'0-,  to  HPO3,  while  the  ordinary  phosphorus 
pipette  holds  about  120  c.c.  of  water.  Flue  gas  never 
carries  21  per  cent,  of  free  O.. 

As  to  A.  H.  Gill's  objections,  the  ordinary  analyst 
should  not  attempt  to  make  his  own  phosphorus  sticks 
but  should  buy  them.  The  change  from  white  to  red 
phosphorus  ("the  tough  leathery  skin")  is  slow  except  in 
direct  sunlight.  Unless  a  hole  be  broken  in  the  pipette 
the  leakage  of  air  will  not  be  rapid  enough  to  cause  the 
phosphorus  to  melt ;  a  crack  will  not  do  it. 

If  Mr.  Gill  has  any  quantitative  results  on  the  forma- 
tion of  ozone  by  moist  oxidizing  phosphorus,  I  wish  he 
would  publish  "them.  I  have  never  seen  anything  but  j 
qualitative  tests  showing  that  ozone  could  be  formed  , 
under  those  conditions,  and  always  thought  that  traces- 
onlv  were  made,  which  were  not  quantitatively  comparable  I 
with  the  inaccuracy  of  the  various  determinations  aris- 
ing from  other  sources. 

This  I  know,  that  I  have  seen  carbon  monoxide  re- 
ported many  times  when  it  did  not  exist,  through  the 
use  of  an  old  pyrogallate  solution  which  did  not  absorb 
the  oxvgen,  with  subsequent  absorption  of  this  0„  as  CO. 

Donald  M.  Liddell. 

Elizabeth.  X.  J. 
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Variation  of  Water-Ieviel — Does 
boiler  when  the  engine  is  runninf^ 
down   in  the   glass? 


he   water  stand   still   in   a 
or   does    it    move    up   and 


When  the  boiler  steam  space  is  small  in  proportion  to  the 
size  of  the  engine  cylinder,  the  gage-glass  may  show  a  va- 
riation  in   water   level  at  every   stroke   of   the   engine. 


Cylinder    ' 
cause  trouble 


-Why    does    water    in    a    steam    cylinder 


P.   D. 


If  there  is  water  in  a  cylinder  more  than  sufRcient  to  All 
the  clearance  space  at  the  end  of  the  stroke,  since  it  cannot 
escape  after  the  exhaust  valve  closes,  damage  will  result  to 
the  cylinder  as  by  breaking  or  knocking  out  the  cylindei- 
head  because  water  is  nearly  incompressible. 


siz 


Det'erminlug   Rivet    Sizes 

es    of    rivets    and    pitch? 


ml    IMtfh — What    determine 


the 


C.    H. 


The  selection  of  rivet  sizes  is  largely  a  matter  of  con- 
venience and  practical  experience.  The  following  are  used 
in  average  good  practice: 

i/4-in.    thick    plate    or   strap. .' U'-in.    rivets 

Jii-in.   thick   plate    or   strop. %-in.    rivets 

4&-in.    thick    plate    or    strap %-in.    rivets 

^-in.    thick    plate    or    strap iS-in.    rivets 

V4-in.    thick   plate   or    strap 1-in.    rivets 

Having  found  the  size,  the  pitch  is  so  selected  as  to  ob- 
tain a  joint  of  highest  efficiency.  This  must  be  a  joint  the 
strength  of  which  will  be  the  highest  percentage  of  strength 
of  the  solid  plate  for  a  unit  length  of  joint.  "Rules  Form- 
ulated by  the  Massachusetts  Board  of  Boiler  Rules,"  pages 
13  to  19,  furnishes  a  reliable  method  of  calculating  joint  effl- 
ciency.  To  find  the  efflcienc.v  of  a  butt  and  double  strap 
joint,    see    POWER    of    Dec.    31,    1912,    page    9S5. 

Cylinder  Compression — ^^'hat  is  the  meaning  of  compres- 
sion   as    applied    to    the    steam-engine    cylinder? 

L.   M. 

If  by  the  compression  as  applied  to  the  cylinder  is  meant 
the  compression  of  the  steam  in  the  cylinder,  the  word  as 
usually  used  signifies  the  compression  of  the  steam,  which  is 
left  in  the  cylinder  when  the  exhaust  valve  closes,  into  the 
clearance  space  by  the  completion  of  the  stroke  by  the  pis- 
ton. Such  compression  is  used  to  cushion  the  engine  to  ab- 
sorb to  some  extent  the  momentum  of  the  moving  parts  so  as 
to  change  the  direction  of  pressure  upon  the  pin  gradually 
and  also  to  fill  the  clearance  space  with  the  denser,  hotter 
and   higher-pressure   steam. 

Reducing  Piston  Clearance — AVhat  advantage  would  there 
be  in  reducing  the  piston  clearance  "4  in.  on  each  end  of  the 
cylinder  of  a  20x42-in.  Corliss  engine,  the  present  clearance 
being  %   in.? 

M.  .1. 

The  saving  effected  will  depend  on  the  volume  of  present 
total  clearance  in  the  cylinder  and  steam  passages;  that  is, 
when  the  piston  is  at  the  end  of  its  stroke.  The  only  way 
to  reduce  the  clearance  is  by  increasing  the  thickness  of  the 
cylinder  heads  inwardly  or  that  of  the  piston.  The  im- 
proved economy  would  depend  on  the  size  of  the  load  and 
the  indicator  diagram  the  engine  can  make  at  present.  Re- 
ducing the  clearance  U  in.  would  neither  pay  for  the 
trouble  nor  leave  safe  clearance  foi-  the  adjustment  of  the 
connecting   rod   and    the    crosshe.ad. 

Least  Diameter  of  IIoim-  I'niley — Would  a  17-in.  diameter 
sheave  be  suitable  for  .i  1-in.  manlla-rope  drive  where  the 
rope  is  driven  by  a  12-ft.  diameter  flywheel  pulley  running 
at   80    r.p.m.? 

A.  S. 
The  velocity  of  rope,  driven  as  proposed,  would  be  about 
3000  ft.  per  min.,  and  for  that  speed  the  least  diameter 
of  sheave  for  1-ln.  diameter  manlla  rope  should  be  not 
t'  sH  than  261,4  In.  If  made  smaller,  the  rope  would  wear 
pldly.  For  general  work  It  Is  found  that  3B-in.  diameter 
^  the  smallest  size  practicable  for  use  with  1-ln.  manlla 
rope  for  all  speeds.  The  causes  of  many  failures  and  much 
trouble  In  rope  driving  are  due  to  the  use  of  too  small 
pulleys   for  the   size   of  rope  and   tension   carried. 


Uuglne  Out  of  Balance — Is  an  engine  out  of  balance  if, 
when  placed  on  either  head  or  crank  centers  with  the  valve 
stem  and  piston-rod  packing  removed  and  all  working  parts 
connected,  the  crank-pin  rotates  to  the  bottom  of  the  crank 
case? 

G.    R.    F. 

To  determine  whether  the  crank  settles  in  standing  bal- 
ance of  the  engine  on  account  of  the  weight  of  the  connecting 
rod,  detach  the  cranio  end  of  the  connecting  rod  and  vibrate 
the  flywheel  by  hammer  strokes  square  against  the  side  of 
the  wheel.  If  the  wheel  stands  balanced  in  every  position 
the  crank  is  in  standing  balance.  The  lack  of  balance  when 
the  rod  is  connected  up  is  due  to  the  weight  of  the  con- 
necting rod  not  being  balanced  in  standing  balance.  The 
engine  may  not  be  in  standing  balance,  but  may  be  in  run- 
ning balance.  Running  balance  can  only  be  adjusted  by 
placing  different  weights  in  different  positions  on  the  fly- 
wheel when  the  engine  is  running  at  its  proper  speed.  The 
weighting  thus  required  is  not  generally  suitable  for  stand- 
ing   balance. 


-What   is   the   best    way   to   test  a 


Testing   a    Viieuuni    ' 

vacuum   gage? 

H.  F. 
The  best  way  to  test  a  vacuum  gage  is  to  compare  it  with 
a  glass  U-tube  mercury  gage  as  indicated  in  the  sketch.  The 
bent  tube  ABC,  having  about  %-in.  bore,  is  connected  by 
suitable  fittings  to  the  pipe  or  nipple  D,  and  the  latter  is 
connected  with  an  air  pump  or  condenser.  The  gage  to  be 
tested  is  placed  on  a  tee.  The  U-tube  should  be  about  36  in. 
over  all  and  should  be  about  half  filled  with  mercury.  When 
there  is  a  partial  vacuum  made  at  D  the  atmospheric  pres- 
sure acting  on  the  surface  of  the  mercury  in  the  open  tube 
AB,    being    greater    than    the    pressure    acting    on    the    surface 


of  the  mercury  in  thc'  tube  CI!,  the  mercury  at  the  original 
level  EF  will  fall  in  All,  as  to  tJ,  and  rise  in  CB.  as  to  II, 
and  the  difference  of  level  between  11  and  G  as  Indicated  by 
the  dimension  1,  measured  in  Inches,  will  be  the  "Inches  of 
vacuum"  which  the  vacuum  gage  should  indicate.  While 
most  manufacturers  of  vacuum  gages  are  equipped  with  a 
U-tube  mercury  gage,  they  generally  make  comparisons  with 
another  gage,  known  to  be  correct  with  the  U-tube  gage. 
For  testing  a  vacuum  gage  at  a  plant  not  equipped  with  a 
mercury  gagi'.  the  usual  practice  Is  to  compare  the  gage 
to   be   tested   with   one   considered   to   be   correct. 
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Logarithms — Part  II 
As  we  learned  in  our  last  lesson,  the  logarithm  of  a 
number  consists  of  two  parts:   an  integral  part   and  a 
decimal  part,   the   integral   part   being  called  the   char- 
acteristic, and  the  fractional  part  called  the  mantism. 

Rule  1.  The  characteristic  of  the  log  of  a  number 
f/reaier  than  unity  is  less  by  1  than  the  number  of  in- 
tegral places  in  the  number  and  is  i)ositire. 

Thus  the  characteristic  of  the  log  of  48,226  is  -i. 
Rule  2.     The  cliaracteristic  of  the  logarithm  of  a  frac- 
tion or  a  number  less  than  unity  is  greater  by  1  titan  the 
number  of  ciphers  immediately  after  the  decimal  point 
and  is  negative. 

From  this  rule  we  sec,  as  learned  in  our  last  lesson, 
that  the  characteristics  of  logs  of  numbers  below  one  are 
negative.  From  1  to  9  they  are  0  +  a  decimal  fraction  ; 
10  to  99  they  are  1  +  a  decimal  fraction;  100  to  999 
they  are  2  +  a  decimal  fraction ;  1000  to  9999  they  arc 
3  +  a  decimal  fraction,  and  so  on.  Study  this  paragraj)!), 
as  it  must  be  memorized. 

1000  =  3 
100  =  2 
10  =  1 
1  =  0 
0.1  =  1 
0.01  =  2 
0.001  =  3 
In  logaritlmiic  tables  the  cliaracteristic  is  omitted  and 
the  mantissa  only  is  given,  usually  without  the  decimal 
point  before  it,  it  being  understood  that  it  is  a  decimal.' 
Most  logarithmic  tables,  however,  have  a  table  giving  the 
logs  complete  of  numbers  from  1  to  IDO  inclusive.    Such 
a  table  is  given  in  Table  Xo.  1. 

A  page  of  the  logarithmic  tables  of  Vega  are  given  in 
Table  3.     They  are  carried  to  the  seventh  decimal  place. 
Use  of  LoGARiTHjric  Tables 
To  find  the  logarithm  of  a  number  containing  one  or 
two  figures,  such  as 

log  8.5       =  0.929419 

log  0.8.5    =  r.929419 

log  0.085  =  2.929419 
Referring  to  Table  Xo.  1,  under  column  "X.,"  find 
85;  the  log  of  which  is  1.929419.  The  mantissa  for  8.5 
will  be  the  same  but  as  the  characteristic  of  numbers  be- 
tween 1  and  10  is  0  we  strike  out  the  characteristic  1  and 
substitute  a  cipher.  The  log  of  0.85  is  negative,  i.e., 
less  than  zero  by  1  because  there  is  no  cipher  immediately 
after  the  decimal  point  (see  rule  Xo.  2)  ;  therefore,  the 
characteristic  of  its  log  is  negative,  but  the  mantissa  is 
again  the  .same;  hence  it  is  expressed  as  1.929419.  Xotice 
the  minus  sign  over  the  characteristic.  The  log  of  0.085 
is  negative,  i.e..  less  than  zero  by  2 ;  according  to  rule 
Xo.  2  the  characteristic  of  the  log  of  a  decimal  fraction 
is  greater  by  1  than  the  number  of  ciphers  immediately 
following  the  decimal  point.  Here  there  is  one  cipher 
so  the  characteristic  is  2  and  the  mantissa  still  the  same. 


To  find  a  log  of  a  number  containing  three  significant 
figures.  In  the  column  headed  "Xo.,"  find  the  number. 
In  a  horizontal  line  with  it  and  under  the  column  headed 

TAlil.K    Xo.    1 
Logarithms  of  NnMBER."?  from  1  to  100. 


N. 

Log. 

N. 

Log.      1 

N. 

Log. 

N. 

log. 

N. 

Log. 

1 

0.000000 

21 

1.322213 

41 

1.613784 

61 

1.785330 

81 

1.908485 

2 

0.301030 

22 

1.312423 

43 

1.6a3349 

62 

1.792:393 

82 

1.913814 

3 

0.477121 

23 

1.361738 

4:3 

1.C:J}1IV8 

63 

1.799341 

83 

1.919078 

4 

0.602060 

24 

1.380211 

44 

1.613433 

64 

1.806180 

84 

1.924379 

5 

0.698970 

25 

1.397940 

43 

1.653313 

Go 

1.813913 

85 

1.929119 

6 

0.778151 

26 

1.414973 

46 

1,062758 

66 

1.819M4 

86 

1.9.34498 

0.815098 

27 

1.431354  1 

47 

1.073098 

67 

1.826075 

87 

1.939519 

8 

0.903090 

28 

1.447158  ; 

48 

1.681241 

68 

1.832509 

88 

1.944483 

9 

0.95iei3 

29 

1.462398 

49 

1.090196 

69 

1.838819 

89 

1.949390 

10 

1.000000 

30 

1.477121 

50 

1.698970 

70 

1.815098 

90 

1.951243 

11 

1.041393 

31 

1.491362 

51 

1.707370 

7t 

1.851258 

91 

1.959041 

13 

1.079181 

32 

1.505150 

1.716003 

72 

1.857333 

92 

1.96:3788 

13 

1.113943 

33 

1.518514 

53 

1.734376 

73 

1.863323 

93 

1.968483 

U 

1.14B128 

34 

1.5.31(79 

54 

1.732394 

74 

1.869233 

94 

1.973138 

13 

1.176091 

35 

1.^41068 

55 

1.740363 

75 

1.875061 

95 

1.9777^^ 

16 

1.201120 

36 

1.. 550.303 

56 

1.748188 

76 

1.880814 

96 

1.982271 

17 

1.2.30419 

37 

1.568202 

57 

1.733875 

77 

1.886491 

97 

1.986772 

18 

1.255273 

38 

1.579781 

58 

1.70.3438 

78 

1.892095 

98 

1.991226 

19 

1.278754 

39 

1.591065 

59 

1.770852 

79 

1.897637 

99 

1.995635 

20 

1.30ia30 

40 

1.603060 

00 

1.778151 

80 

1.903090 

100 

2.000000 

"0," 
istii 
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Table  Xo.  2 


572. 
573. 
574. 


75,587 
75,664 
75.740 
75,815 


Thus,  referring  to  ihc  al)ove 
of  574. 

log  5'i4  = 


3,!>9n 

liartial 


75,603 
75,679 
75,755 
75,831 
75,906 


75,610 
75,686 
75,762 
75,838 
75,914 


table,  find  the  log 


=  2.75891 
log  57.4        =  1.75891 
log     0.0574  =  2.75891 
From  what   we  have  Just  learned  we  know   why   the 
characteristics   change   for  the  changes  in   value  of  the 
given  number. 

To  find  the  log  when  the  nuinber  contains  four  fig- 
ures.    In  the  column  headed  "Xo.,"  find  the  first  three 
figures.     On  a  horizontal  line  with  the  figures  and  in  the 
column  containing  the  fourth  figure,  find  the  mantissa. 
PrefLx  the  required  characteristic.     Thus 
log  5712       =  3.75679 
log  5.712       =0.75679 
log  0.05712  =  2.75679 
In  the  above  example  the  first  three  figures  are  571, 
the  fourth  is  2,  so  in  the  column  headed  "2"  and  on  a  line  ■ 
with  571,  find  the  mantissa,  75.6(9.    According  to  Rule  3 
we  see  that  the  characteri.stic  of  the  log  of  0.05712  is  2 
because  there  is  one  cipher  after  the  decimal  point.  Vega's 
tables  give  logs  of  four-figure  numbers  directly. 

To  find  the  logarithm  of  a  number  containing  more 
than  four  figure.s,  we  find  the  first  four  figures  in 
the  column  "X,"  Table  Xo.  3.  and  the  last  in  the  boii- 
zontal  line  at  the  top.  The  last  four  figures  of  the  lo.iza- 
rithm  will  be  found  where  the  horizontal  line,  correspond- 
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ing  to  the  first  four  figures  of  the  number  meets  the 
vertical  line — corresponding  to  the  fifth  figure.  The  first 
three  figures  of  the  logarithm  are  in  the  column  headed 
"0,"  and  are  common  to  all  the  figures  in  the  same  hori- 
zontal line.  Where  these  are  not  given  on  the  hori- 
zontal line,  the  ])revious  three  figures  must  be  taken,  ex- 
cept when  the  first  of  the  last  four  figures  is  marked  with 
a  line  above  it,  in  which  case  the  first  three  figures  of  the 
log  are  those  that  occuiDy  that  relative  position  in  the 
ne.xt  horizontal  line  below. 

Example:    Number  31,406,  log  4.4970126. 

Find  the  log  of  31,328.  The  first  four  figures,  3132 
are  found  in  column  "N."  The  last  or  8  is  found  uudei' 
8  at  the  tof)  of  the  table.  The  last  four  figures  of  the  log 
are,  according  to  the  instructions  just  given,  9327.  The 
first  three  figures  are  in  the  column  "0"  and  are  495. 
Now  we  have  the  mantissa  complete,  which  is  4959327. 
The  characteristic,  though  not  given,  is  seen  to  be  4, 
because  the  given  number  is  over  10,000.  Therefore,  the 
log  of  31,328  is  4.4959327. 

To  find  the  log  of  31,333.  Here  the  last  four  figures  of 
the  mantissa  are  0020  and  the  first  cijAer  is  marked  with 
a  line,  thus  0;  hence  they  are  to  be  combined  with  496, 
which  gives  4^60020  as  the  mantissa,  the  characteristic 
being  4.  Therefore,  the  log  of  31,333  is  4.4960020. 
Suppose  we  wanted  to  find  the  log  of  31,333.73;  the  dif- 
ference between  the  logs  of  the  two  wliole  numbers  of 
five  figures  each,  between  which  the  given  number  lies, 
must  be  multiplied  by  the  decimal  fraction  and  the  prod- 
uct added  to  the  log  of  the  smaller  whole  number.  Tak- 
ing the  number  given,  31,333.73.  This  lies  between  31,- 
333  and  31,334,  the  logs  of  which  differ  by 
0.158  —  0020  =  138 

We  mHlti]jly 

138  X  0.73  =    101 
Notice  that  the  decimal  part  of  the  prod  art  is  rejected 
and  the  last  figure  of  the  integer  part   is  increased  by 
1  when  the  rejected  part  is  greater  than  ().'>. 

Adding  101  to  the  log  of  31,333  we  have 
4.4960020  +  101  =  4.11)60121 
for  ihe  log  of  31,333.73.  To  facilitate  this  multiplication 
nearly  all  logarithmic  tables  contain  small  additional 
tables  in  the  column  headed  ''P.?."  (proportional  parts). 
Table  3,  which  for  each  of  the  differences  of  the  numbers 
on  that  page  gives  the  several  tenths  from  which  the  hun- 
dredths, thousandths,  etc.,  may  t)e  easily  found. 

In  our  last  example,  under  tbc  table  beaded  '■138,"  in 
column  "P.P.,"  we  get 
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We  reject  the  decimal  fraction  as  Ijcfort'.  \Vc  also 
moved  the  decimal  point  over  one  ])lace  to  the  left  in  the 
muiibcr  11.1  to  corri'spDnd  with  the  twii  di'iiniai  places  in 
file  number  ii.(i:j. 

(liren  a  logarithni ,  re(/uired  the  corresponding  ninnlirr. 
In  the  table,  lind  the  first  three  figures  of  the  given  log. 
Next  find  the  remaining  four  figures  in  some  oiu'  of  the 
columns  headed  "d."  "1,"  "2,"  "3."  etc.  Having  found 
the  log  in  the  table,  follow  the  horizontal  line  on  which 
it  is  located  toward  tlu'  left,  and  find  in  column  "N"  the 
first  figures  of  the  number  and  prefix  these  to  the  figure 
found  lit  the  lii|i  of  ihr  rohinin  in  which  tlir  log  was 
found. 


Given  log  4.4980071,  to  find  the  corresponding  num- 
ber. The  first  three  figures  of  the  fractional  part  of 
the  log  afjpear  in  column  "0,"  and  the  last  four  in  col- 
umn "8,"  but  in  the  next  horizontal  line  above,  because 
in  this  example  0  occurs,  as  was  explained  about  num- 
bers with  minus  signs  over  them.  The  number  corre- 
sponding to  the  log  is  therefore  found  to  be  31,478. 

For  another  example,  suppose  the  log  to  be  4.4976414. 
We  find  that  this  log  lies  between  those  for  31,451   and 

T.\I5LE    No.    3. 


N. 

0 

I  1  2  1  3 

4    5  1  6 

7 

8 

9     P.  P.   ll 

3100 
03 

491 3617 

3757  1  3897  1  4037 

4177 

5578 
6975 
8378 

4317 
85.7 

4457 
5858 
7x58 
8657 

4597 
599S 
7393 
8797 

4738 
6,38 
7538 
8937 

4878 
6218 
7678 
9°77 

II 

5018 

6418 
7818 

S158 
6558 
7958 

5198 
6698 
809S 

6818 
8x38 

141 

9117 

49Z06I6 

MI5 

9357 
0756 
XIS4 

9497 
0896 
X194 

9637 
1036 
X434 

9777 
■■75 
:S74 

IS---, 
■3'S 
X7"4 

0057 
■455 
=853 

0196 
'595 
»993 

5336 
■735 
3^33 

■875 
3273 

3 

28.2 
4'.3 
564 

09 
3110 

6x07 

355» 
4950 
6347 

369X 

IT. 

383X 
51x9 
66x6 

397: 
5369 
6766 

4111 
5509 
6906 

4X5' 
5648 
7°45 

7185 

453' 
59x8 
7325 

606S 
7464 

S 
6 

I 

49x7604 

7744 

7883 

80x3 

8i6x 

830: 

844X 

8581 

87x1 

8861 

gooo 

4930396 

1791 

9140 
0535 
1931 

9'79 
067  s 
X070 

94'9 
0815 

9558 
°954 
•-349 

9698 
X4I5 

9838 

nil 

9977 

mi 

6117 
151X 

2907 

6256 
1651 
3047 

3186 
4581 
5974 

33x6 
47x0 
6114 

3465 
4859 
6x53 

3604 
4999 
6393 

3744 
5,38 
653X 

3883 
5278 
6671 

40x3 

54^7 
68n 

4.6X 
5556 
6950 

430X 
5696 

7089 

444^ 
5835 
7229 

140 

To 

E 
1x6.0 

'9 

3120 

»3 

7368 

8761 

4940154 

0x93 

7647 
9040 
043X- 

7786 
9179 
057-1 

93 '8 

0711 

8065 
9457 
0850 

X241 

8:04 
9597 
09S9 

X381 

8343 
9736 

2520 

8483 
9S75 
1x68 

2659 

8622 
0015 

1407 

X799 

3 
4 

1 

I 
1 

4941546 

1685 

18x4 

1964 

X103 

1938 
43x9 
57»9 

3077 
4468 
5859 

3X,6 
4607 
5998 

3355 
4746 
6137 

3494 
4885 
6x76 

3633 
50x4 
641S 

5164 
6554 

3911 

53=3 
6693 

40s  ■ 
6832 

i 

9890 

7H9 
8639 
00x9 

7388 
8773 
oi68 

8917 
0307 

7666 
9056 
0445 

7805 
9195 

0584 

7944 
9334 
0713 

8083 
9473 
0862 

8222 
56.1 

836. 
9751 
1 140 

11 

»9 

3130 

3' 

31 
33 

4056 

141S 

xSo6 
4194 

1557 
1945 
4333 

.6,5 
3084 
447X 

■  834 
3=^3 
461 1 

'5998' 

7385 
877X 
0158 

■973 
336X 
475° 
£W 

75x4 
89.1 
0x97 

3500 
4888 
6276 

9049 
0436 

xxsi 
3*39 

5027 

64.S 
7802 
9188 
5574 

■-39° 

3778 
iM_ 

6553 
794° 
9327 
3713 

2529 
39'7 
5305 
669X 

lts\ 

3 

4 

I 

I 
9 

IS9 

i 

834 

97-3 

495  5443 

558X 

57" 

5860 

683  r 
8ii8 
9604 

9743 

7108 
8495 
9881 

7H7 
8634 

34 

4960990 
1375 
3761 

iixS 
X514 
3899 

1x67 
1651 
4038 

1406 
X79I 
4176 

■  544 
2930 
43^4 

1683 
3068 
4453 

1811 
3x07 
459  ■ 

i960 
3345 

4730 

2C,S 

3484 
4S68 

5007 

TXS.I 

u 

39 

3140 

4" 
4» 
43 

5>45 
6519 
79' 3 

5184 
6668 
805  X 

541X 
6806 
8190 

5560 
6945 
83x8 

5699 

8467 

5S37 

7121 
860s 

5976 
7360 
8743 

6.14 
Itll 

'III 
90x0 

6391 

7775 
9158 

J 
4 

1 

i 

IM 

4'-4 
^9-i 

496  9x96 

9435 

9573 

97" 
1094 

38^8 

985° 
1X3X 

3996 

9988 
■  371 
X753 
4'35 

6116 

X 

4:73 

5x65 

.647 
3029 
4411 

0403 

■7S5 
3267 
4549 

554- 
19x4 
3306 
4687 

4970679 
1061 
3444 

0818 

0956 
X338 
3710 

44 

4815 
6x06 
7587 

4964 
6345 

77J5 

6483 
786, 

5x40 
8001 

5373 
6759 
8139 

5516 
6^97 

3X77 

5<i54 
7035 
84^5 

579^ 
■X553 

5930 
8691 

7449 
8819 

81.8 
966 
1 104 

47 
48 
49 

3150 

8967 

49S0147 

'71^ 

9">5 

0485 
1865 

9*43 

06x3 

,38. 
0761 
:I40 

95^9 
0890 

9657 
1037 
1416 

9795 
■■75 
'554 

9933 
'3^3 

X69X 

■  45^ 
X830 

5x09 
4346 

49«3"o' 

3=43 

338. 

35'9 

3657 

3795 

3933 

4071 

4208 

II 

N. 

0    1  1  1  2  1  3  1  4 

5  1  6  1  7  1  8  1  9  1   P.  P.    II 

31,152  and  that  the  dill'crcncc  hi'fwcen  log  31,15)  and  the 
given  log  is 

6111  —  6345  =   69 
Now   in   the   table   headed  "139"  in  the  colunui   "P.P." 
of  ])roportional  parts,  find  that  5  gives  a  ditrerence  of  69 ; 
therefore  the  corres])onding  nunilier  to  log  4.4976414  is 
31.451.5. 

Suppose  we  arc  given  the  log  I.I95()I13.  'i'hc  nearest 
log  to  this  oiu-  is  1.1956115.  to  which  c')rrcs|)onds  tin- 
number  31,307.  The  ditl'ercnce  lietween  if  and  the  next 
greater  log   1.4956553.  is 

(;55:!        i;il5  =   13S 
while  the  ilillereiii-c  hctwiH'ii   it  and  the  given  log  is 

6143   —   6115    =    28 
The  (ignres  following  the  first  live  places  arc  louiid  fioni 
the    table   of    ]iro])ortional    ]iarts.    headed    "138."      Take 
from  it  the  next   figure  2.  corres])onding  to  27.6.  which 
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is  next  inferior  to  28;  subtracting  27.6  from  28  gives 
0.4.  Take  this  10  times,  which  gives  4,  which  corre- 
sponds to  0;  taking  it  100-fold,  which  is  40,  which  is  op- 
posite to  the  next  inferior  number,  which  is  also  27.6 
and  being  opposite  2,  this  number  (2)  becomes  the  eighth 
figure  of  the  number.  Xow  the  difference  between  40 
and  27.6,  which  is  12.4,  is  increased  tenfold,  giving  124 
which,  being  opposite  9,  shows  that  9  is  the  last  iigure 
of  the  number,  313,072,029.  Since  the  log  has  an  index 
or  characteristic  of  4,  the  decimal  point  (see  rule  1) 
must  be  put  after  the  fifth  figure.  The  number  now 
becomes  31,307.2029. 

Answers  to  Last  Week's  Questioxs 

(1)  To  quickly  and  conveniently  find  the  roots  and 
powers  of  numbers. 

(2)  10. 

(3)  lumbers  between  1  and  10;  between  10  and 
100;  between  100  and  1000;  between  1000  and  10,000; 
between  10,000  and  100,000. 

(4)  (a)  Add  the  logs  of  the  multiplicand  and  multi- 
plier to  find  the  log  of  the  product,  (b)  Subtract  the  log 
of  the  divisor  from  the  log  of  the  dividend  to  find  the 
log  of  the  quotient,  (c)  Multiply  the  log  of  the  num- 
ber by  the  exponent  to  find  the  log  of  the  required  power, 
(d)  Divide  the  log  of  the  given  number  by  the  index  of 
the  root  (2  for  the  square  root,  3  for  the  cube  root,  etc.), 
to  find  the  log  of  the  required  root. 

A  Record  in  Plant  Construction 

An  instance  of  rapid  power-plant  construction  has  re- 
cently come  to  light  in  connection  with  the  extension  to 
the  Jordan  steam  station  of  the  Utah  Light  &  Ey.  Co., 
at  Salt  Lake  City,  by  Westinghouse,  Church,  Kerr  & 
Co.,  of  New  York. 

The  original  station  was  designed  and  built  by  the 
same  engineers  in  1910  and  consisted  of  an  8500-kw.  sin- 
gle-unit steam  turbine  installation  intended  to  supple- 
ment the  several  hydro-electric  plants  of  the  company  and 
also  to  form  a  nucleus  for  such  steam-generating  equip- 
ment as  might  be  required  later. 

The  new  work  practically  duplicates  the  former  plant 
and  comprises  in  general  a  brick  and  steel  building  lOOx 
60  ft.,  the  walls  resting  on  a  pile  concrete  mattress  con- 
sisting of  36-ft.  piles  overlaid  with  about  3  ft.  of  con- 
crete. The  boiler  equipment  consists  of  Stirling  boilers 
fitted  with  Eoney  stokers  and  served  by  a  325-ft.  radial 
brick  stack.  The  turbine  equipment  consists  of  one  West- 
inghouse-Parsons  unit  of  8500  kw.  capacity  delivering  60- 
cycle,  three-phase  current  at  4400  volts.  Thus  the  total 
capacity  of  the  plant  (original  and  extension)  is  17,000 
kw. 

The  rapidity  with  which  the  work  was  carried  on  may 
be  seen  from  the  following :  On  Mar.  27, 1912,  authoriza- 
tion was  received  to  design  the  extension.  Five  days 
later  sufficient  progress  had  been  made  so  that  the  main 
imit,  the  boilers,  condenser,  stack,  heater,  stokers  and  piles 
had  been  purchased.  On  Apr.  6  excavation  was  begun 
and  two  weeks  later  the  first  piles  were  driven.  On  Auff. 
26—152  days  after  authorization— the  plant  was  put  un- 
der commercial  test. 

The  strength  and  bi-ittleness  of  steel  plates  as  affected  by 
various  boiler  waters  are  being  investigated  at  the  engineer- 
ing-experiment  station   of   the  University  of  Illinois. 


OVER    THE    vS  PILL  WAY 

JUST      JESTS,      JABS,      JOSHES     AND      JUMBLES 


Water  goes  over  the  spillway  of  the  Gatun  dam  on  the 
Panama  Canal  at  the  rate  of  16,000  cu.ft.  per  sec.  This  spill- 
way is  about  70  ft.  high — "Leslie's  Weekly."  Our  little  spill- 
way is  only  10  in.  high,  but  think  of —  Well,  you're  reading 
it,  and  our  modesty  forbids  our  saying  any  more. 

Our  Uncle  Sam,  as  head  of  his  large  and  growing  family, 
has  tucked  awiy  in  his  Jeans  the  tidy  little  sum  of  $3,350,727,- 
580.  Including  you  and  me,  the  family  is  96,496,000  strong. 
Divided  up  equally,  eacli  has  $34.72  to  his  credit.  See  you 
tonight  after  the  whistle  blows  and  we'll  hot-foot  it  over 
to   Washington  and   get   ours  before   the   crowd   is   on. 

Rechid  Pasha,  made  timorous  by  Bulgarian  victories,  has 
goulashed  his  chances  as  an  efficiency  engineer,  and  wants 
to  go  home.  Don't  feel  so  wretched,  Rechid.  Pshaw,  pasha, 
buck  up;  you  know  by  tl  is  time  that  the  Bulgarian  hug  has 
put  the  Turkey  trot  in  the  scrap  heap. 

If  you  were  an  editor,  and  sweated  over  the  "Inquiries" 
page  in  an  endeavor  to  be  the  correct  answer  to  the  sum  of 
all  human  knowledge,  and  spent  two  whole  days  answering 
"Old  Subscriber's"  inquiries,  and  then  found  you  had  over- 
looked his  postscript  telling  you  to  stop  his  paper  as  his  fire- 
man took  it  and  he'd  read  his,  and —  Talk  about  reciprocal 
relations,  old  chap;  you  can  jolly  well  believe  this  blighter  is 
the   absolute   limit,    eh   what? 

The  alleged  report  of  the  formation  of  a  "water-power 
trust"  has  apparently  incited  the  glue  makers  to  go  and  do 
likewise.  If  the  glue  people  once  get  together,  they'll  stick 
all  right.  Oh,  Tessie,  wouldn't  this  be  just  too  perfectly 
mucilaginous  for  anything? 

Cheers  for  the  New  England  Society,  says  "Leslie's  Week- 
ly," for  wishing  J.  Pierpont  Morgan  and  Joseph  H.  Choate 
"good  health  and  many  happy  years  to  come."  Our  field  keeps 
us  out  of  the  financial  and  legal  zones,  but  here's  three  cheers 
and  a  tiger  for  anyone  who  will  say  a  good  word  for  his 
fellows. 

Great  have  been  the  researclies  of  the  scientists!  Based 
on  calculation  of  radioactive  phenomena,  that  dear  old  lady 
Mother  Earth  has  reached  her  711  millionth  birthday,  and  is 
still  going  strong.  Over  in  Sussex,  England,  a  brace  of  high 
foreheads  have  unearthed  the  oldest  known  skull.  Here's 
your  opportunity.  Where  is  the  thickest  known  skull?  No 
beans-in-the-jar  guesswork.  A  handsomely  bound  copy  of 
"Thick  Craniums  I  Have  Known"  will  be  given  the  first  dis- 
coverer.     This    contest    is    limited    to    "Power"    subscribers. 

A  "scrap"  expert  has  been  added  to  the  navy  personnel. 
At  first  thought,  this  title  may  suggest  its  appropriateness 
in  a  body  whose  main  duty  is  to  scrap  a  heap  in  wartime. 
But  this  expert  has  been  set  to  reclaiming  materials  thrown 
into  the  scrap  heap,  as  the  government  hopes  to  save  con- 
siderable through  this  new  economy.  This  expert  has  a 
fighting  chance  to   win   out. 

Some  "food  for  thought"  has  been  served  us  in  a  pamphlet 
written  by  a  prominent  banker  entitled  "Who  Shall  Control 
Our  Financial  Destiny?"  Friend  banker  said  the  question  has 
three  possibilities.  We  took  it  home,  showed  it  to  friend 
wife,  and  she  settled  the  control  right  off  the  handle.  She 
also  leaves  the  possibilities  to  the  future;  has  all  she  can 
do  to  feed  and  clothe  our  "realities."  Truly,  the  hand  that 
agitates  the  cradle  dominates! 

Mexican  rebels  have  been  shooting  down  the  power-trans- 
mission lines  and  cutting  off  the  light  service  in  Mexico  City 
A  little  ginger  is  an  incentive  to  good  results,  but  the  rec 
pepper  in  the  chile  con  carne  is  overdoing  the  thing  in  Mex- 
ico  apparently. 

It  beats  all.  the  blows  aimed  at  the  privileges  of  us  work- 
ing people.  Along  comes  the  U.  S.  Public  Health  Service  anc 
tells  us  to  cut  out  the  fingerbowl;  it's  full  of  germs!  Nex' 
thing,  brother,  we  will  be  told  to  avoid  the  manicure — an( 
some  of  them  are  so  darn  attractive  it  is  that  we  shouU 
worry! 

We  wish  we  had — for  this  column  only — the  exclusive 
services  of  that  newspaper  reporter  who  thus  sums  up  th'l 
reason  for  a  large  fire  in  a  Western  city:  "The  fire  had  itj 
origin  from  an  electric  wire  on  a  hot  journal  of  one  of  th' 
immense  boilers,  causing  an  explosion  of  the  boilers."  Ther 
all  at  once,  the  sun  went   down  and  the   stars  came   out! 


Jamuirv  ",'" 
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A  Gas  Propelled  Water  Turbine 

One  manifestation  of  the  striving  for  the  application 
)f  the  internal  combustion  principle  to  a  motor  of  the 
;urhine  type  is  the  proposition  illustrated  in  the  accom- 
Danying  sketch  reproduced  from  our  English  contem- 
jorary,  Engineering,  submitted  by  James  Dunlop,  of 
jlasgow. 

The  turbine  casings  and  the  explosion  chambers  A  and 
?  are  filled  with  water  until  it  reaches  to  about  half  the 


A  GAS-IMiOPKLLED  WaTKK   TlKBINE 

K'igiit  of  each  ehaniijer.  By  alternate  explosions  in  each 
■haiiiber  the  water  is  caused  to  operate  through  the  tur- 
)ine  and  in  doing  so  to  maintain  continuous  rotation 
)f  the  turbine  wJieeJ.  The  dotted  lines  indicate  the 
:ourse  of  the  water  and  the  direction  of  the  driving  reac- 
ions.  For  a  given  number  of  ' impulses,  any  desired 
ipeed  of  revolution  may  be  obtained  by  varying  the  diam- 
iter  of  the  wheels  or  the  arc  of  circumference  made  ef- 
ective.  For  high  speeds  entrance  would  be  around  the 
vhole  circumference  of  one  wheel  and  exit  around  the 
■ircumfcreiice  ol  a  similar  wheel.  Axial-flow  wheels 
nigiit  Ik'  similarly  arranged. 

The  Myriavvatt 

At  a  joint  meeting  of  the  Slan(hirds  (  ommiiice  of  the 
Vnierican  Institute  of  Electrical  Engineers,  and  of  a 
■oniiiiittee  specially  appointed  for  the  conftTence  by  tlie 
Vnierican  8o(  iety  of  Mechanical  Engineers,  on  Dec.  1-'!, 
'M'i.  at  tlie  Engineering  Societies  Building,  Xew  York, 
he  following  resolutions  were  unanimously  adopteil,  and 
lave  been  duly  re])orted  to  the  governing  l)oards  of  the 
iwo  above  mentioned  engineering  societies: 

M'lIEHEAS,  the  "myrowatt"  or  "myriawatl"  was  sug- 
C'sted  l)y  II.  G.  Stott  as  a  convenient  unit  of  ])ower  nnly 
'  per  cent,  larger  than  (lie  most  recently  deterniincil 
alues  of  liie  "boiler  horsepower."  and, 

WHEItEAS,  a  paper*  .setting  forlli  the  advantages  of 
lie  use  of  the  "myriawatt"  as  a  unit  of  power  in  dealing 
■itii  the  iierforniaiicc  of  steam  boilers,  steam  engines, 
as  engines,  steam  and  water  turbines  was  read  by  Messrs. 
I.  f;.  Stott  an/1  TTaylett  O'Neill  l«.f<.rc  the  annual  con- 
entioii  ill  Boston  of  the  American  Institute  of  Electrical 
Ingiiiecrs   ill   .Tiimc.   1912,  was  di.scussed,  and  was  pub- 

•Heuiinlfd    In    Towfr.   Aup.   27,    1912,   p.    289. 


lished  in  the  Proceedings  of  the  institute,  and 

WHEREAS,  the  American  Society  of  Mechanical  En- 
gineers has  appointed  a  special  committee  to  confer  with 
the  Standards  Committee  of  the  American  Institute  of 
Electrical  Engineers  upon  this  unit,  as  presented  in  the 
said  paper,  be  it 

RESOLVED,  (1)  that  the  committees  in  joint  session 
recommend  to  their  respective  societies  the  use  of  the 
"myriawatt"  as  unit  of  thermal  or  mechanical  power,  as 
indicated  in  the  above  mentioned  paper. 

(8)  That  the  two  committees  also  jointly  recommend 
to  their  respective  societies  the  exclusive  use  of  the 
"myriawatt"  in  connection  with  boilers,  producers,  tur- 
bines and  engines  and  discontinue  the  use  of  the  term 
"boiler-horsepower." 

(3)  That  C.  0.  Mailloux  as  representing  H.  G.  Stott 
on  the  special  committee  on  "Prime  Movers"  recently 
appointed  by  the  International  Electrotechnical  Commis- 
sion, which  committee  is  scheduled  to  meet  at  Zurich, 
Switzerland,  on  Jan.  18,  1913,  shall  be  and  hereby  is  re- 
quested to  bring  these  joint  resolutions  formally  to  the 
notice  of  that  body  in  Zurich. 

(-1)  That  the  two  committees  jointly  recommend  that 
in  writings  and  publications  the  "myriawatt"  and  "niyria- 
watt-hour"  be  abbreviated  to  mw.  and  mw.-hr,  in  con- 
formity with  the  existing  abbreviations  kw.  and  kw.-hr. 
for  kilowatt  and  kilowatt-hour  respectively. 

The  above  resolutions  are  important  for  two  reasons, 
namely : 

(1  )  Because  this  is  the  first  piece  of  joint  standard- 
ization work  that  has  been  accomplished  between  two  of 
the  national  sister  engineering  societies  having  their 
homes  in  the  Engineering  Societies  Building,  of  Xew 
York  City,  and  it  is  to  be  hoped  that  this  may  be  the 
starting  point  for  much  good  joint  action  of  a  similar 
nature  between  all  of  the  national  engineering  societies, 
and  (2)  The  resolutions  indicate  and  recommend  a  simple 
and  satisfactory  method  of  rating  the  input  and  output 
of  turbo-generators,  in  terms  of  one  and  the  same  unit — 
the  international  watt.  Instead  of  rating  the  output  of 
a  turbo-generator  in  kilowatts,  and  the  input  in  boiler- 
hor.sepower  or  other  heat  units  as  at  present,  it  becomes 
ver}-  convenient  to  rate  the  electro  output  in  kilowatts, 
and  the  steam  input  in  niyriawatts,  because  the  myriawatt 
is  approximately  the  same  as  the  boiler-horsepower  while 
it  is  also  exactly  10  kw.  By  this  means  the  long  exist- 
ing incongruity  of  statiiitj  the  input  and  output  in  dif- 
ferent and  disconnected  units  of  power  will  be  eliminated. 

Largest  Mine  Hoist  in  the  World 

What  is  tlioughl  to  be  liic  largest  mine  hoist  in  the 
world  was  recently  ordered  from  the  Xordberg  ilanu- 
facturing  Co.,  Milwaukee,  Wis.,  for  the  Inverness  Ry.  & 
Coal  Co.'s  mine,  at  fnverness.  Cape  Breton  Island.  It  is 
of  the  Xordberg-Corliss  du]>lex,  double-drum  type.  The 
cylinders  are  34  and  34  by  72  in.,  and  the  hoist  has  two 
driinis,  each  equipped  with  Xordberg  axial  clutch  and 
]H)st  brake,  enabling  indejiendent  operation  of  either 
drum.  The  brakes.  clut<hes,  rever.se  and  throttles  will  be 
o))erated  bv  an  auxiliarv  engine. 

The  hoi.st  will  pull  a  ll.OOd-lb.  load  up  a  1(»,non-ft. 
incline,  which  is  1(5  deg.  at  the  surface  and  35  deg.  at 
llic  bottom.  From  the  standpoint  of  rope  stress  and 
length  of  cable,  this  hoist  is  thought  to  be  the  largest  over 
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eonstrucled.  Hoists  "with  larger  cylinders  have  been 
built  for  the  copper-mining  business,  notably  the  two 
Xordberg  hoists  at  the  Tamarack  Mines  in  Calumet, 
Mich. 

Locomotive  Boiler  Accidents 

In  the  first  annual  report  of  the  Chief  Inspector  of  Lo- 
comotive Boilers  to  the  Interstate  Commerce  Commission, 
John  F.  Ensign  gives  an  interesting  review  of  the  work 
carried  on  during  the  fiscal  year  ending  June  30,  1912, 
and  the  more  important  requirements  of  the  rules  adopted 
by  the  commission.  A  tabular  list  of  the  accidents  result- 
ing from  failure  of  locomotive  boilers  and  their  appurten- 
ances during  the  year  is  included  and  also  a  number  of 
plates  illustrating  locomotive-boiler  explosions.  A  class- 
ification of  the  accidents,  giving  the  number  of  deaths  and 
injuries  resulting,  appears  in  the  accompanying  table. 

CLASSIFICATION    OF    ACCIDENTS    AND    RESULTING    DEATHS 
AND  INJURIES 


Nature  or  Cause  of  Accident,*; 
Shell  explosi( 


Killed  Injured 


Crown  sheet  failures  due  to  low  water  (no  con- 
tributorj'  cause  found) 

Crown  sheet  failures  due  to  low  water,  where 
contributing  defects  were  found 

Defective  blowoff  cocks 

Defective  washout  plugs 

Burst  water  glasses 

Burst  flues 

Steam  leaks  obscuring  engineer's  view 

Defective  steam  pipe  joints 

Defective  boiler  checks 

Burst  lubricator  glasses 

Defective  squirt  hose  and  connections 

Defective  injector  steam  pipes 

Arch  tube  failures 

Injector  failures 

Defective    water-glass    cocks    and     appurte- 


Flue  plug  failures 

Defective  studs 

Defective  lubricators 

Defective  blower  pipes 

Defective  staybolts 

Defective  dome  caps 

Defective  draft  pipe  and  brackets.  .  .  . 

Burst  water  bars 

Defective  arch  studs 

Defective  threaded  plug  (flue  sheet)  . 

Defective  ash-pan  blowers 

Defective  cap  on  branch  pipe 

Defective  valves 

Defective  mud  ring. 

Defective  patch  bolt 

Defective  whistle  elbow 

Defective  arch  tube  p!ugs 

Defective  blower  throttle  bonnets.  .  .  . 

Burst  steam  pipe  in  smoke  arch 

Defective  diaphragm  plate 

Defective  fusible  plug 

Defective  flue  pockets 

Defective  gage  cocks 

Defective  heater  pipes 

Defective  superheater  pipe 

Defective  gasket  handhole  plate . . 
Defective  flue  sheet 

Total 


Government  Coal  Purchases  under 
Specifications 

In  Bulletin  41  of  the  Bureau  of  Mines.  George  S.  Pope  ex- 
plains in  general  terms  the  methods  that  the  Government 
has  found  most  satisfactory  for  the  purchase  of  a  large  part 
of  its  coal  supply,  including  the  consideration  of  bids,  the 
awarding  of  contracts,  and  the  analyzing  of  samples  on 
which  the  price   corrections  are  based. 

For  the  information  of  prospective  bidders  on  Govern- 
ment contracts,  a  list  of  the  coal  contracts  enforced  during 
the  fiscal  year  ended  June  30.  1911.  is  furnished.  General 
averages  of  the  analyses  during  the  fiscal  years,  190S  to  1910, 
inclusive,  are  tabulated  for  the  various  sizes  of  anthracite, 
and  also  for  the  several  kinds  of  bituminous  coal  purchased 
for  Government  use;  and  the  results  for  the  fiscal  year 
ended    June    30,    1910,    are    shown    in    detail    by    months. 

Government  contracts  are  based  either  on  a  standard 
heating    value    for    coal    "as    received"    and    a    standard    per- 


centage of  ash  "dry  coal"  or  on  an  ash  "dry  coal"  standard 
only.  The  former  type  of  contract  is  always  used  for  bi- 
tuminous coal,  and  is  applicable  to  anthracite  as  well.  The 
latter  type  is  applicable  to  anthracite  only,  but  the  double 
standard  is  becoming  more  generally  used.  The  specifica- 
tions for  the  fiscal  year,  1912-13,  will  differ  from  the  speci- 
fications used  in  preceding  years  in  that  the  heating  value 
will  be  expressed  on  the  "dry-coal"  basis,  provisions  being 
made  for  variations  in  the  heating  value  of  delivered  coal 
by  the  establishment  of  a  moisture  standard  for  each  con- 
tract. They  appear  in  full  in  Technical  Paper  15  of  the  Bu- 
reau of  Mines.  In  the  present  bulletin  the  British  thermal 
unit  and  ash  standards  are  outlined.  A  chapter  on  the  fuel- 
inspection  laboratory  of  the  Bureau  of  Mines  and  methods 
employed,  by  Joseph  D.  Davis,  is  also  included  in  the  Bulletin. 


SOCIETY     NOTES 


Registration  on  Jan.  7  in  the  N.  A.  S.  E.  evening  class  at 
the  Lane  Technical  High  School,  Chicago,  was  heavy,  S4  being 
enrolled.  Because  of  this,  three  divisions  were  formed,  of 
about  24  members  each,  to  take  the  same  work  but  to  meet 
on  separate  nights.  This  class  is  the  result  of  an  offer  by 
Dr.  William  Bogan,  principal  of  the  school,  to  furnish  a  room 
and  an  instructor  for  an  engineers'  class  if  sufficient  registra- 
tion were  received.  The  work  to  be  taken  up  includes  power- 
plant    chemistry    and    the    testing    of    power-plant    equipment. 


PERSON   V  L  S 


J.  C.  Ross  has  taken  charge  of  the  drying  department  of 
the   B.   F.   .Sturtevant  Co.,   Hyde   Park,   Mass. 

George  D.  B.  Van  Tassel  has  left  the  Westinghouse  Machine 
Co.  to  accept  a  position  with  the  Power  Specialty  Co.,  CJii- 
cago. 

Richard  Gary  has  been  appointed  sales  manager  of  the 
lubricant  department  of  the  International  Acheson  Graphite 
Co.,  Niagara  Falls,  N.  Y. 

H.  C.  Barber,  who  was  assistant  chief  engineer  of  the  mu- 
nicipal hydro-electric  system  in  Hamilton,  Ont.,  has  been  ap- 
pointed assistant  manager  of  the  Toronto  Hydro-Electric 
System. 

Charles  Merritt  has  resigned  the  position  as  chief  engi- 
neer of  the  Phoenix  Furniture  Co..  with  which  he  has  been 
for  21  years,  to  take  charge  of  the  Grand  Rapids  Municipal 
pumping  and  electric  light  station,  in  the  place  of  W.  M. 
Gormley,  who  resigns  to  return  to  the  American  Seating 
Company. 

William  Naylor,  to  celebrate  his  eightieth  birthday,  was 
tendered  a  complimentary  dinner  at  the  Tavern,  Chicago,  on 
Jan.  4.  Mr.  Naylor  is  highly  esteemed  by  a  host  of  acquaint- 
ances and  friends  and  this  dinner  was  the  occasion  of  con- 
gratulating him  on  having  rounded  out  fourscore  useful 
years.  He  was  the  engineer  of  the  Marshall  Field  plant  when 
this    now    great    mercantile    business    was    in    its    infancy. 

C.  M.  Garland,  formerly  with  the  R.  D.  Wood  Co.,  at  one 
time  a  member  of  the  faculty  of  the  University  of  Illinois, 
is  now  associated  with  Woodmansee,  Davidson  &  Sessions, 
consulting  engineers,  Chicago,  as  a  combustion  engineer.  Mr. 
Garland  has  had  extensive  experience  in  theoretical  and  prac- 
tical combustion  work  during  the  past  ten  years,  and  has 
specialized  in  the  gasification  of  fuels  and  the  application  of 
producer  and  water  gas  to  industrial  and  power  requirements. 


CORRECTION — In  the  article  on  "Plat  Surface  Supported 
by  Stay-bolts,"  in  the  Dec.  24  issue,  the  author's  name  should 
have  been  A.  J.  Loppin  instead  of  A.  J.  Toppin;  also  the 
charts.  Figs.  6  and  7,  should  have  been  interchanged. 


The  Wheeler  Condenser  &  Engineering  Co.,  Carteret,  N.  J., 
announces  that  it  has  acquired  the  American  license  to  build 
turbo  air  pumps  of  the  type  manufactured  in  Europe  by  the 
AUgemeine  Electricitaets  Gesellschaft.  This  air  pump  is  of 
the  rotary  water  jet  type,  for  motor  or  steam  turbine  drive, 
air  being  removed  from  the  condenser  by  ejector  action  of 
a  series  of  small  water  jets  and  also  by  positive  entrapment 
of  air  between  successive  small  slugs  of  water.  A  number 
of  these  pumps  are  now  under  construction  at  the  works  of 
the    Wheeler    company. 
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Mental    Indigestion 


NOT  long  since,  a  young  man  who  had  had  some 
experience  around  small  steam  plants  applied 
to  the  chief  engineer  of  a  large  mill  in  Southern 
New  England  for  a  position  as  oiler.  His  object  was 
to  get  in  touch  with  larger  engines  and  their  auxil- 
iaries, hoping  some  day  (so  he  said)  to  be  able  to  take 
charge  of  a  plant.  He  was  hired.  One  day  he  asked 
the  chief  what  books  or  mechanical  publications  he 
would  advise  him  to  take. 

"Young  man,"  said  the  chief,  "you  might  take  all 
or  any  of  the  books  that  are  published  and  they  would 
be  of  no  benefit  to  you  unless  you  read  them  and  think 
about  what  you  read.  My  advice  to  you  is  to  get  an 
engineers'  catechism,  and  subscribe  for  the  best  paper 
published  that  is  devoted  to  the  interests  of  this  pro- 
fession, and  read  them  and  think." 

The  mere  possession  of  any  number  of  books  and 
papers  will  not  benefit  a  man  or  make  an  engineer  of 
him,  nor  cause  him  to  advance,  no  matter  what  they 
may  contain.  He  must  read  them,  digest  them.  Food 
taken  into  the  stomach  is  of  benefit  to  the  system  only 
when  it  is  digested.  Good  seed  sown  on  fertile 
soil  will  produce  results,  but  the  best  seed  sown 
on  a  gravel  heap  will  produce  nothing.  The  best 
medicine  known  to  the  medical  profession  will  have  no 
beneficial  effect  on  the  patient  if  allowed  to  remain  in 
the  bottle.  Books  and  papers  are  of  no  value  if  al- 
lowed to  remain  unopened. 

Ten  years  ago  a  drummer  called  in  to  see  the  chief 
engineer  of  a  plant,  and  while  waiting  for  the  chief  to 
make  his  appearance  got  into  conversation  with  the 
oiler,  who  told  the  drummer  that  they  had  been  using 
his  firm's  goods  for  eight  years  to  his  knowledge,  for 
he  had  been  oiling  there  that  length  of  time  and  he 
knew. 

Upon  being  asked  what  mechanical  papers  he  read, 
he  replied  that  he  did  not  "go  much"  on  mechanical 
papers,  and  when  he  got  time  to  read  he  generally  got 
hold  of  story  magazines  or  something  that  was  in- 
teresting as  he  had  been  in  the  business  so  long  that 
reading  mechanical  papers  was  like  reading  a  rehash 
of  old  chestnuts.  That  man  is  still  an  oiler  after  eight- 
een years. 

A  man  who  had  run  an  engine  in  a  good  siz.ed  fac- 
tory for  over  two  years  without  having  any  serious  mis- 


hap, made  application  for  membership  in  an  associa- 
tion of  engineers.  One  of  the  investigating  committee 
on  his  application  called  on  him  at  his  engine  room, 
and  among  other  things  noticed  several  numbers  of  a 
technical  journal  still  in  the  wrappers  on  top  of  a 
closet.  -  This  same  man  was  asked  in  his  examination, 
which  end  of  a  boiler  feed  pump  should  have  the  larger 
area  of  piston,  and  he  replied  that  "he  never  noticed." 
On  being  asked  what  the  object  was  in  putting  lap  on 
a  valve,  he  replied  that  he  did  not  know  that  it  had 
any  lap. 

Another  applicant  was  asked  in  his  examination  to 
describe  how  the  governor  on  his  engine  performed  its 
function  of  regulating  the  speed  and  replied:  "Bv  the 
balls  flying  'round."  He  knew  they  flew  'round,  but 
there  it  ended.  The  same  man  frankly  said  he  would 
send  for  a  machinist  to  set  his  eccentric  if  it  should 
ever  happen  to  slip  as  he  would  not  know  how  to 
set  it  right. 

Surely  in  these  days  with  books,  papers,  societies 
and  schools  within  the  means  and  easy  access  of  any 
one  possessing  the  desire  to  learn  there  is  no  excuse  for 
such  ignorance.  Such  men  should  either  make  good 
or  make  room.  A  man  is  apt  to  progress  as  far  as  he 
thinks. 

The  man  who  never  noticed  which  end  of  his  boiler 
feeJ  pump  had  the  largest  piston  certainly  never  over- 
worked his  "think  tank"  regarding  the  construction 
or  operation  of  pumps,  nor  could  the  man  who  did 
not  know  his  valve  had  any  lap  ever  have  done  much 
thinking  about  using  steam  expansively. 

Do  not  be  satisfied  just  to  do  a  thing;  think  why 
you  do  it.  Ask  yourself  questions,  mentally  and  try 
to  find  the  answer.  Do  not  be  like  a  trained  dog 
that  jumps  over  a  chair  at  the  word  of  command, 
without  knowing  why  he  does  it.  If  you  are  asked 
to  open  or  shut  a  certain  valve,  do  it,  and  then  ask 
yourself  why?  What  effect  did  it  have  when  I  closed 
that  valve?     Think  out  the  answer. 

You  are  a  young  man  and  there  is  no  excuse  for  vou 
to  remain  an  oiler  if  you  read  and  think. 

[Contrihtifed  by  II.  R.  Low,  Moosup.  Co?in.] 


104 


POWER 


Vol.   37,   Xo.  4 


Test  of  Lentz  Engine 


SYNOPSIS — A  simple  13x21-in.  engine  with  sfeani  at 
I-iS  lb.  pressure,  superheated  about  50  deg.  and  exhaust- 
ing against  atmospheric  pressure,  runs  on  19.2  lb.  of 
steam  per  indicated  horsepower-hour. 

Wheu  a  third  of  a  ceutury  ago  tlie  leading  steam  engi- 
neers of  America,  acting  as  the  committee  on  tests  at  the 
Centennial  Exposition,  undertook  to  estimate  the  amount 
of  steam  required  for  a  horsepower  in  order  to  apply  that 
unit  of  capacity  to  the  steam  boiler,  they  decided  upon 
30  lb.  per  hour,  and  that  was  doubtless  a  very  good  per- 
formance for  the  four-valve  noncondensing  engine  of  that 
period.  Recently  engineers  and  engine  builders  have  been 
talking  about  performances  below  20  lb.  for  noncon- 
densing engines,  and  about  a  half  of  that  quantity  for 
compound-condensing  units  with  a  high  degree  of  super- 
heat. It  is  interesting  to  have  the  authority  of  such  en- 
gineers as  Robert  W.  Himt  &  Co.,  of  Chicago,  for  such 
ligures.  We  have  had  the  privilege  of  reviewing  a  de- 
tailed report  made  by  the  engineers  of  that  company  of 
tests  carried  out  by  themselves  at  the  Thorp  Street  plant 
of  the  People's  Gas  Light  &  Coke  Co.,  of  Chicago,  ujjon 
Lentz  engines  built  by  the  Erie  City  Iron  Works. 

These  engines  were  installed  some  two  years  ago,  and  are 
directly  connected  to  blowers  used  for  handling  the  gas. 


Front  and  rear  views  of  the  installation,  comprising  both 
single-cylinder  and  compound  engines,  are  reproduced  in 
Figs.  1  and  3  respectively. 

On  Apr.  24,  1911,  engineers  from  the  office  of  R.  W. 
Hunt   &  Co.   ran   a   three  hours'  test  upon  one  of  the 


Fi( 


DlAORAilS   FROM    LeXTZ   ExGIXE 


simple  engines.  This  developed  an  indicated  liorsepower 
with  19.2  lb.  of  .steam  per  hp.-hr.  The  steam  pressure  at 
the  engine  ranged  between  132  and  153  lb.,  averaging 
147.6  lb.  with  an  average  superheat  of  49.7  deg.  F.  The 
back  pressure  was  that  due  to  the  atmosphere.    The  pro- 


FiG.  1.   Froxt  View  of  Lextz  Exgixes  ix  Thorp  St.  Statiov.  People's  Gas  Light  t  Coke  Co..  Chicago 
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ductioii  of  a  liorsepower-houi-  under  tlicse  conditions  witii 
19.2  lb.  of  steam  means  a  Rankine  efficiency  of  o\'er  73 
jier  cent,  and  a  thermal  efficiency  of  12.6  per  cent.,  credit- 
ing the  engine  with  the  heat  which  could  be  taken  up 
I'y  the  feed  water  at  the  temperature  of  the  engine's  ex- 
haust. 

The  engine,  which  is  l.")x21  in.,  ran  at  1 ;  "i  r.]i.in.  and 
developed  on  an  average  of  Kil.l  h|i.  dui-ing  ihc  three 
hours  of  the  test.  The  diagram  shown  in  Fig.  2  was 
taken  about  the  middle  of  the  test. 

Dundee's  New  Engineering 
Laboratories 

Tile  new  cnginccnng  hdioralorit's  at  University  Col- 
lege, Dundee,  are  now  in  use,  though  they  have  not  been 
formally  opened,  says  ('aiiadimi  Kin/iiirrr.  The  block 
is  two  stories  in  height.  On  the  ground  ilood  there  are 
a  hydraulic  laboratory,  small  lecture  room,  library. 
]ihotiigra]iliic  rooms,  and  engines  and  generating  plant. 
On  the  second  floor  are  acconnnodated  the  principal  lec- 
ture room,  the  drawing  offices,  the  stalV  rooms,  the  work- 
sho]),  and  the  stress  and  ccnient-testing  laboratories. 
Water  is  supplied  to  the  hydraulic  laboratory  from  a 
tank  at  the  to])  of  a  tower,  about  60  ft.  above  floor  level, 
through  an  8-iii.  maiw,  and  is  returned  to  the  tank  by 
a  motor-driven  centrifugal  ])ump  which  lifts  475  gal.  ])er 
mill. 

The  heat  engine  laboratory   is  dixidcd  into  an  engine 


room  jiroper  and  a  boiler  and  producer  house,  and  the  en- 
gine plant  consists  of  a  horizontal  tandem-compound  en- 
gine, with  droj)  and  Corliss  valves  and  surface  condensers, 
capable  of  developing  150  b.h]).  at  imt  r.p.m.  There  are 
also  a  Babcock  &  Wilcox  boilci'  with  an  auxiliary  elec- 
trically driven  feed  pump  and  economizer,  the  boiler  be- 
ing litlcd  with  a  separately  fired  superheater,  and  work- 
ing up  to  250  lb.  per  sq.in. ;  a  30-hp.  gas  engine  with 
suction  gas  producer;  a  motor-car  engine  with  appliances 
for  quantitative  nieasurenienls  of  its  power  and  heat  effi- 
ciencies, ;iiid  a  .")0-ton   testing  inailiine. 

The  Micro  Indicator 

With  increasing  spee<l  it  became  necessary  to  restrict 
the  movements  of  the  ])encil  lever  and  the  paper  drum 
ol  the  indicator  so  as  to  make  snniller  diagrams.  Some 
nialccis  111'  indicators  furnish  small  drums  for  high-speed 
work.  This  means  of  avoiding  distortion  due  to  inertia 
has  been  carried  to  a  limit  in  the  micro-indicator  invented 
bv  a  German  by  the  name  of  O.  Mader.  This  inslrumeni 
traces  on  smoked  glass,  a  minute  diagram  which  is 
magnified  40  diameters  by  means  of  a  microscope  for 
measurement  ami  analysis,  or  may  be  reproduced  u]ion  an 
enlarged  scale  photogra])hically,  or  by  means  of  a  siiecial 
reflecting  and  magnifying  device.  Tt  is  said  that  the 
instrument  may  be  used  upon  internal  combustion 
engines  running  at  a  speed  as  high  as  3000  revolutions 
per  minute. 
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Engineering  Progress  in  U.  S.  Navy 


SYNOPSIS — Improvements  in  turbine  and  engine  in- 
stallations, the  more  important  resulting  from  higher 
steam  pressure,  change  in  design  of  frame,  reduciicn  of 
clearance  in  cylinders,  shorter  steam  ports,  increased 
ratio  of  expansion  of  steam  and  the  adoption  of  forced 
lubrication. 

Turbine  Chaxges  to  Produce  Ixcreased  Ecoxomy 
The  Parsons  turbine  as  it  exists  in  the  Navj'  vessels 
today  is,  with  very  few  exceptions,  the  same  as  the  tur- 
bines of  this  type  which  were  fitted  in  the  initial  turbine 
vessel,  the  "Chester."  The  only  improvements  which 
have  been  made  consist  of  changes  in  blade  angles,  par- 
ticularly in  the  low-pressure  stages,  "au  increase  in  the 
number  of  rows  of  blades  in  these  same  stages,  and  the 
fitting  of  nozzles  for  the  admission  of  auxiliary  exhaust 
steam  at  several  different  locations  along  the  steam  path. 
With  the  impulse  turbine  the  advance  over  the  original 
naval  turbines  of  this  type  in  the  '-Salem"  has  been  rapid. 


Fig.  1.   Older  Type  of  Framing  Which  Gavi; 
Trouble 

The  number  of  stages  has  been  very  much  increased,  both 
in  battleship  and  in  destroyer  turbines,  a  drum  construc- 
tion has  been  adopted  for  the  lower-pressure  stages,  steam 
balance  for  propeller  thrust  has  been  provided,  cruising 
nozzles  for  low  fractional  powers  have  been  fitted,  and 
nozzles  for  utilization  of  auxiliary  exhaust  are  now  sup- 
plied as  in  the  Parsons  turbines. 

That  these  changes  in  turbines  of  the  impulse  type 
have  been  accompanied  by  increase  in  economy  has  been 
thoroughly  demonstrated  by  experience  with  the  machin- 
ery of  the  destroyers,  the  economy  of  the  impulse  tur- 
bine showing  up  nearly,  if  not  fully,  as  good  as  that  of  the 
reaction  type.  Xo  opportunity  has  as  v-et  been  offered  to 
obtain  a  measure  of  this  economy  increase  with  the  battle- 
ship types  of  impulse  turbine,  nor  will  such  opportunity 
occur  until  the  "Xevada"  is  ready  for  trial. 

Impkovemexts  IX  Eeciprocatixg  Exgixes 
The  steps  taken  in  pursuit  of  the  above  object  are: 
1.  Increase  in  steam  pressure  at  engine. 


2.  Change  in  design  of  engine  framing. 

3.  Increase  in  piston  speed. 

4.  Use  of  superheat,  but  to  a  small  degree  only. 

5.  Eeductiou  of  clearances  in  cylinders. 

6.  Decrease  of  frictional  losses  through  steam  ports. 

7.  Positive  circulation  of  steam  through  steam  jackets. 

8.  Reduced  back  pressure  in  low-pressure  cylinders. 

9.  Increased  ratio  between  low-pressure  and  high-pres- 
sure c.ylinders,  with  consequent  increased  ratio  of  expan- 
sion of  steam. 

10.  Application  of  forced  lubrication  to  all  journals, 
crosshead  guides,  eccentrics  and  thrust  bearings. 

The  following  improvements,  both  with  reciprocating 
engines  and  with  turbines,  have  been  made : 

11.  Im]iroved  condensing  apparatus  resulting  in  higher 
vacuum. 

12.  Rational  designs  of  feed  heaters  based  upon  the 
amount  of  water  to  be  heated  and  the  amount  of  auxiliary 
exhaust  steam  available  for  heating  purposes  instead  of 


Fig. 


Xew  Type  of  Framixg  Adopted  for  the 
'•Kearsarge"  axd  "Kextucky" 


•From  paper  read  by  Captain  C.  W.  Dyson  before  the  So- 
ciety of  Naval  Architects  and  Marine  Engineers.  First  part 
of  the  paper  abstracted  in  Power  of  Jan.   7. 


ttsing  the  old  rule  of  thumb  of  allowing  a  fixed  horse- 
power per  square  foot  of  heating  surface. 

13.  Basing  steam-pipe  design  upon  actual  rate  of  flow 
of  steam  through  the  pipes  as  determined  by  tests  in  ser- 
vice. 

11.  Reduction  of  feed-pipe  losses  to  a  minimum. 

1.5.  Improved  evaporators  and  other  auxiliaries. 

In  addition  to  the  above,  the  reliability  of  the  machin- 
ery plant  has  been  improved  by — 

16.  Adoption  of  high-speed,  electric-driven  forced- 
draft  fans  for  battleship. 

17.  Turbine-driven  forced-draft  fans  for  destroyers, 
and  the  most  important  of  all — 

18.  The  adoption  of  oil  fuel  for  both  battleships  and 
destroyers. 

Considering  the  above  changes  in  detail,  the  steam 
pressures  at  the  main  engines  since  1895  have  been  in- 
creased gradually  from  150-lb.  gage  to  265-lb.  gage  in 
the  high-pressure  valve  chest,  resulting  in  decreased  size 
of  engine  cylinders  and  in  decreased  size  of  steam  piping 
for  equal  units  of  power. 

The  engine  framing  of  the  vertical  engines  first  fitted 
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was  either  of  cast  steel  or  built  up  of  steel  plates,  as 
shown  in  Fig.  1.  On  several  vessels  trouble  has  been  ex- 
perienced with  this  type  of  framing,  particularly  when 
made  of  cast  steel,  and,  in  addition,  the  weight  was  high. 
The  Bureau  of  Steam  Engineering,  in  order  to  overcome 
tliese  faults,  designed  and  adopted  the  style  of  framing 
shown  in  Fig.  3  for  the  ''Kearsarge"  and  "Kentucky," 
and  this  style  of  forged-steel,  built-up  framing  has  been 
adhered  to. 

Since  the  adoption  of  this  type,  framing  troubles  are 


In  the  use  of  superheated  steani^  me  Bureau  of  Steam 
Engineering  has  been  rather  conservative;  at  present 
there  are  seven  vessels  in  the  naval  service  fitted  for  su- 
perheat, the  maximum  degree  of  superheat  obtained  at 
the  boilers  being  85  deg.  F.  which  reduces  to  about  60 
deg.  F.  at  the  engines.  These  figures  are  for  full-power 
conditions,  and  an  increase  in  economy  of  about  6  per 
cent,  is  estimated  to  be  obtained.  At  12  knots,  the  cruis- 
ing speed,  the  saving  by  the  use  of  superheat  hardly  ex- 
ceeds 3  per  cent. 
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Marine  Engines 


Fig.  4.  H.P.  Cylinder  U.  S.S. 
"Maryland."  Clearance 

27  PER  Cent. 


Fig.  5.  H.P.  Cyl.  IT.  S.S. 
"Oklahoma."  Clear- 
ance 10.75  per 

Cent. 


unknown  notwithstanding  the  fact  that  the  weight  of  the 
modern  framing  per  indicated  horsepower  has  been  re- 
duced to  about  3.3  lb.  against  5^/2  lb-  for  the  old. 

Since  the  design  of  engines  for  the  "Oregon"  was  laid 
down,  there  has  been  a  gradual  increase  in  piston  speeds 
used,  from  900  ft.  in  that  class  to  1000  ft.  in  the  "Dela- 
■.vare"  class.  This  increase  in  piston  speed  has  been  fol- 
lowed liy  a  decrease  in  weight  of  the  moving  parts  and 


The  lirst  experiences  with  the  vessels  fitted  with  super- 
heat were  far  from  satisfactory,  due  to  the  rapid  de- 
terioration of  the  valves  in  the  steam  lines.  These  valves 
had  cast-steel  bodies  and  cast-steel  valve  disks  with  monel 
metal  seats.  The  erosion  and  corrosion  of  the  valve  disks 
was  extensive,  and  in  a  short  period  of  service  it  became 
necessary  to  replace  the  cast-steel  valve  disks  with  disks 
of  monel  metal.     This  substitution  has  been  satisfactory 


90       100     110      120      130     140 
Revolutions,  per-  Minute 

Fi(i.  G.   l?AcK-i'KKssi'i!i':  CriiVKS 


1  2  3 

MrPres&ure  in  Inchesof  Water 

Fig.  7.    Heating  and  (JiiAii;  Sru- 
lACK  I'Kl!   1. 11 1'. 


16  n  18  19  20  21  22  23  24  25  26  27  28  2930 
Speed   in  Knots  per  Hour  >^"br 

]<"io.  8.  Incimoask  of  Oil  Fuhl  with 

SiMOED 


has  aided  in  holding  down  the  weight  and  height  of  the 
engine,  although  the  stroke  has  been  increased  from  42 
to  IS  in. 

Tn  Fig.  3  are  shown  lines  giving  tlie  maximum  and 
minimum  heights  of  naval  engines  for  diiferent  lengths 
of  stroke,  also  the  line  of  ero.ssiiead  ])in  centers  and  crank- 
piii  centers.  These  curves  are  all  for  engines  having  the 
bureau's  standard  ratio  of  four  to  one  between  the  con- 
n(!cling-rod  icngtii  ami  crMnkpin  :iriu 


and  no  further  trouble  has  been  experienced.  The  super- 
heat has  been  used  only  on  battleships  fitted  with  recipro- 
cating engines  or  impulse  turbines  for  propelling  pur- 
poses and  has  not  as  yet  been  used  on  any  of  the  de- 
stroyers. 

Heduclion  of  clearances,  decrease  of  frictional  ro^ist- 
ances  of  steam  through  the  steam  ports  and  reduced 
back  pressures  in  the  low-pressure  cylinders  have  all  re- 
sulted from  one  vcia   iinporluni  change  in  the  design  of 
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eugine  cylinders  aud  valve  chests.  The  original  design 
of  these  cylinders  is  shown  in  Fig.  4.  and  the  modern  im- 
proved design  in  Fig.  5. 

The  results  obtained  by  this  change  from  the  long,  tor- 
tuous port  to  the  short,  direct  port  can  best  be  shown  by 
the  accompanying  table  of  comparison  of  cylinder  clear- 
ances and  steam  velocities: 

CYLINDER   CLEARANCES  AND   STEAM   VELOCITIES 

Old  tMJe         New  No.  1       New  No.  2      New  No.  3 


Diam.  of  oylicders.  in.;- 

H.  P 

32  J 

385 

32 

35 

IP 

53 

57 

52 

59 

L.  P 

2-61 

2-76 

2-72 

2-78 

Stroke  of  pistons,  in 

4S 

48 

48 

48 

Per  cent,  clearances: 

H.  P 

28 

16  17 

13  83 

13 

IP 

20.8 

13  17 

12  65 

13  5 

L.  P ■ 

IS. 5 

12  485 

12.02 

12 

Steam  velocity,  ft.  per  min. 

HP 

5,670 

6,365 

6.723 

6,402 

LP 

8,262 

6,678 

7.SS3 

7,517 

L.  P 

10,833 

10.446 

9,947 

10,281 

Eihaust  velocity: 

H   P 

5,480 

5,340 

5,289 

5,078 

IP 

6,670 

6,180 

5,909 

6,087 

LP 

7.450 

7,514 

7,199 

7.298 

To  condenser 

7,390 

6,637 

6,612 

6,500 

To  further  illustrate  the  gains  made  by  the  short  di- 
rect ports,  attention  is  called  to  Fig.  6,  where  the  back 
pressures  on  the  low-pressure  pistons  of  several  vessels  at 
varying  revolutions  are  shown  in  the  curves,  the  designed 
revolutions  being  marked  on  each  curve  by  a  circle.  Of 
these  vessels,  the  "Delaware"  is  the  only  one  with  the 
modern  type  of  port. 

In  the  last  ten  years,  the  cylinder  ratio  of  low-pressure 
to  high-pressure,  for  triple  expansion  engines,  has  been 
increased  from  about  7:1  to  10:  1,  including  clearances. 
This  increase  in  ratio  had  been  used  previously  in  re- 
modeling the  engines  of  the  "Cincinnati"  and  "Raleigh," 
with  most  excellent  results.  A  serious  mistake  was  made, 
however,  in  counting  too  much  on  the  increased  expan- 
sions obtained  by  fitting  a  smaller  high-pressure  cylinder 
than  that  originally  installed,  the  .steam  pressure  having 
been  increased.  The  new  high-pressure  cylinder  was 
made  24  in.  in  diameter  and  the  ratio  of  low-pressure  to 
high-pressure  cylinder  changed  to  about  IIV^  to  1.  While 
the  economy  obtained  with  these  engines  was  most  ex- 
cellent, the  high-pressure  cylinders  were  entirely  too 
small  and  the  engines  have  never  developed  the  expected 
power. 

By  the  adoption  of  forced  lubrication  for  the  main  pro- 
pelling engines,  the  engine  friction  has  been  enormously 
reduced.  All  the  journals  are  oil  born  so  that  no  metal-to- 
metal  contact  occurs.  The  result  has  been  that  the 
amount  of  adjustment  and  overhaul  of  the  main  engines 
has  been  decreased  to  a  large  extent,  and  the  men  who 
would  have  been  used  for  this  overhaul  work  can  now  be 
used  on  the  auxiliary  machinery,  to  good  advantage. 
This  decrease  in  wear  of  the  bearings,  and  the  cushion 
provided  by  the  oil,  has  resulted  in  a  much  better  main- 
tenance of  alignment  of  the  engines,  has  reduced  shocks 
on  the  machinery  aud  has  reduced  vibration  due  to  these 
shocks.  In  addition,  there  is  considerable  saving  in  oil  at 
ordinary  speeds.  At  high  speeds  there  still  exists  a  heavy- 
loss  of  oil,  due  to  splashing  on  the  cylinder  heads  and 
also  to  loss  by  evaporation  from  the  hot  surface  of  the 
lower  heads. 

Wlien  first  fitted,  the  forced  lubrication  gave  trouble, 
du^  to  the  oil  being  drawn  through  the  low-pressure  pis- 
ton-rod stuffing  boxes.  To  remed)'  this  defect,  stufiing 
boxes  fitted  with  steam  seals  have  been   supplied,   and 


later  reports  indicate  that  where  the  steam  seal  is  prop- 
erly fitted  no  trouble  of  this  kind  now  exists. 

That  the  foregoing  changes  have  produced  great  econ- 
omy is  amply  demonstrated  by  the  results  obtained  with 
the  machinery  installations  of  the  "Michigan,"  "South 
Carolina"  and  "Delqware."  Fig.  7  show's  curves  of  in- 
dicated horsepower  per  square  foot  of  grate  surface,  and 
curves  of  square  feet  of  heating  surface  per  indicated 
liorsepower  for  vessels  fitted  with  the  new  type  of  engines 
and  with  boilers  having  superheaters,  and  also  for  vessels 
with  the  older  type  of  engines  and  no  superheat. 

In  laying  down  these  curves,  the  actual  generating 
heating  surfaces  and  superheating  surfaces  have  been  re- 
tained, and  the  grates  have  been  increased  or  decreased  in 
order  to  have  a  constant  ratio  of  heating  to  grate  surface 
of  48,5,  this  being  the  ratio  for  the  boilers  of  the  "Minne- 
sota." At  the  same  time,  the  air  pressures  have  been 
corrected  inversely  as  the  ratio  of  the  new  grates  to  the 
actual  grates.  The  results  obtained  are  shown  as  fol- 
lows : 

Curves  of  indicated  hor.-;epower  per  square  foot  of  grate 
surface  are : 

A — With  moderate  superheat  and  modern  engines. 
B — Xo  superheat  and  unimproved  engines. 
Curves  of  .square  feet  of  heating  surface  per  indicated 
horsepower  are : 

A — Generating  and  superheating  surface  per  indicated 
horsepower  with  modern  engines. 

C — Generating  surface  per  indicated  horsepower  with 
modern  engines  and  superheat. , 

B — -Generating  surface  per  indicated  horsepower  with 
unimproved  engines  and  no  superheat. 

To  obtain  high  vacuums,  the  Parsons  vacuum  aug- 
mentor  is  used  extensively  in  the  naval  service.  In  some 
vessels  in  the  service,  in  place  of  the  ordinary  air  pump 
with  augmentor,  air  pumps  of  the  dual  type,  as  manu- 
factured by  Weir,  have  been  fitted,  while  in  other  vessels 
both  wet-  and  dry-air  pumps  have  been  used. 

Of  these  systems,  that  with  augmentors  and  also  the 
dual  type  appear  to  give  the  greatest  satisfaction  in  ser- 
vice, and  in  addition  require  less  weight  and  space  than 
the  wet  and  dry  system.  Abroad,  a  new  system,  known 
as  the  "Kinetic,"  has  been  developed,  and  all  reports  re- 
ceived concerning  it  have  been  very  favorable,  but  no  ex- 
ample of  this  system  yet  exists  in  the  American  naval 
service.  In  conjunction  with  these  improved  pump  sys- 
tems has  occurred  an  improvement  in  the  tube  spacing 
and  the  baffling  of  the  condensers  in  order  that  a  better 
separation  of  air  from  the  water  of  condensation  will  oc- 
cur in  the  condensers. 

The  improvements  in  design  of  feed  heaters,  steam 
pipes  and  feed  pipes  naturally  followed  on  the  measure- 
ments of  water  consumptions  of  the  machinery  taken 
during  the  acceptance  trials  of  the  vessels.  These  meas- 
urements placed  in  the  hands  of  the  Bureau  of  Steam  En- 
gineering data  of  great  value,  and  that  bureau  has  at- 
tempted to  use  the  full  value  of  it  in  proportioning  these 
important  items.  For  instance,  the  feed  heaters  of  the 
"Delaware"  were,  for  lack  of  data,  proportioned  on  the 
basis  of  so  many  indicated  horsepower  per  square  foot  of 
heating  surface,  and  the  two  heaters  combined  have  a 
total  heating  surface  of  2100  .sq,ft.  In  her  sister  ship,  the 
"Ftah,"  the  same  degree  of  feed  heating  is  obtained  with 
heaters  having  a  total  surface  of  only  512  sq,ft. 

In  the  search  for  economy,  the  Bureau  of  Steam  En- 
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gineering  has  adhered  strenuously  to  the  use  of  feed  heat- 
ers with  auxiliary  exhaust  steam  as  the  heating  medium, 
using  any  excess  of  exhaust  in  the  low-pressure  turbines 
or  the  second  receivers  of  triple-expansion  reciprocating 
engines.  This  utilization  of  the  auxiliary  exhaust  has  not 
l)een  to  the  taste  of  the  turbine  manufacturers  who  pre- 
fer to  use  all  of  this  steam  in  the  turbines,  depending  for 
feed  heat  upon  that  derived  from  steam  drains  discharg- 
ing into  the  feed  tanks. 

That  the  bureau's  contention  that  greater  economy  of 
fuel  is  obtained  by  the  utilization  of  the  auxiliary  exhaust 
in  the  feed  heaters  is  correct  is  shown  by  the  curves  in 
Fig.  8.  The  boilers  of  the  vessels  from  which  these  re- 
sults were  obtained  were  so  similar  that  the  efficiencies 
may  be  taken  equal,  and  the  comparison  can  then  be  made 
on  an  assumption  of  100  per  cent,  efficiency  without  much 
error.  The  fuel  oil  per  knot  is  obtained  from  the  heat 
units  per  knot  absorbed  by  the  boilers  for  the  different 
speeds,  and  dividing  these  different  heat  unit  values  by  an 
assumed  British  thermal  unit  value  per  pound  of  fuel. 
At  29  knots  it  will  be  seen  tliat  the  vessel  making  full 
use  of  her  feed  heaters  required  only  84.2  per  cent,  as 
much  fuel  as  the  vessel  putting  all  the  auxiliary  exhaust 


into  the  turbines  (closed  exhaust),  and  only  92  per  cent, 
as  much  as  the  vessel  using  the  feed  heaters  to  a  limited 
extent. 

In  evaporators  the  improvements  consist  mainly  in  the 
adoption  of  double  effect  connecting  and  in  throwing  open 
the  gates  to  other  than  the  standard  bureau  design  al- 
though these  are  not  the  only  changes  from  former  prac- 
tice. Evaporator  feed  heaters  using  the  \apor  from  the 
evaporators  as  a  heating  medium  have  been  fitted,  and 
vapor  pipes,  better  designed  for  the  amount  thev  have 
to  carry,  are  installed. 

Until  the  adoption  of  electric  driven  blowers  for  bat- 
tleships and  other  large  vessels  and  of  turbine-driven 
blowers  for  destroyers,  and  small  vessels,  the  successful 
outcome  of  any  heavy  forced-draft  run  was  always  en- 
dangered by  the  unreliability  of  the  blowers.  Since  the 
adoption  of  these  types  of  blowers  thi.s  danger  of  break- 
down has  been  almost  entirely  eliminated,  and  so  far  as 
the  destroyers  are  concerned,  the  blowers  may  be  classed 
as  one  of  the  most  reliable  of  the  auxiliaries  used  in  naval 
vessels. 

What  Captain  Dyson  had  to  say  concerning  oil  fuel  will 
be  published  in  a  later  issue. 


What   Is  a  Horsepower? 


Ry  William  Kent.  JI.  E. 


SYXOPSIS — The  author  remonsl rales  a(/ainst  the  pro- 
posal of  the  U.  ^'.  Bureau  uf  Slaiidanls  to  make  the  Itorse- 
power  the  exact  equiraleiil  of  7J/i:  iratts,  and  sitowx  tluit 
it  I II  rot  res  eillier  the  use  of  an  equally  "inconrenient  re- 
laliuii"  in  terms  of  foot-pounds  or  a  change  in  tlie  well 
eslaljlishcd  value  of  the  pound. 

Circular  Xo.  '\^  of  the  Bureau  of  Standards  de lines  a 
h(jrsepower  as  740  watts,  and  says  its  value  in  foot-jiounds 
per  second  is  not  a  constant  but  varies  with  latitude  and 
elevation.  The  following  is  offered  as  a  general  discus- 
sion of  the  subject.     We  quote  from  the  circular: 

"The  usual  gravitational  value  for  the  English  horse- 
power 550  ft.-lb.  per  sec,  when  reduced  to  watts  gives 
a  different  number  according  to  the  value  of  the  force 
of  gravity  employed  in  the  conversion,  and  hence  we 
find  different  values  in  various  reference  books." 

The  values  cited  range  from  746,  given  in  many  book.s, 
down  to  745. G  (Standard  TIandbook  I'or  Electrical  Engi- 
neers, 1910,  p.  21),  Ilering's  Conversion  Tables  (1904, 
]).  .SI )  give  745.050,  and  the  Bureau  of  Standards  Tables 
of  E(|uivalents  (1906)    745.6494. 

"Wlien  the  horse])ower  is  taken  as  a  specified  number 
of  foot-pounds  per  second,  the  amount  of  power  repre- 
.sented  by  it  varies  for  different  places,  since  the  weight 
of  a  'pound,'  as  a  unit  of  force,  varies  in  value  as  y,  the  ac- 
celeration of  gravity,  varies.  A  unit  of  power,  the  mag- 
nitude of  uhich  varies  from  place  to  place  cannot  be  ac- 
ccplalilc,  iiermanently  as  a  unit."  "Some  writers  prefer 
to  define  a  pound  weight  as  the  weight  of  a  pound  mass 
at  a  particular  latitude,  such  as  45  dog.  (or  some  ))refer 
the  latitude  of  Pans).  While  this  would  make  the  pound 
of  force  a  definite  quantity,  it  is  nevertheless  open  to  the 
olijcction  that  a  pound  mass  would  in  general  have  cither 
niiirc  or  less  than  a  pound  weight,  deiJeuding  ou  its 
location." 


It  may  here  be  said  that  this  objection  ap])lies  to  any 
system  of  weights  and  measures  whatever,  no  matter  what 
values  may  be  given  to  the  units.  If  a  pound  mass  is  a 
definite  quantity  of  matter,  and  a  pound  weight  is  defined 
as  the  force  which  gravity  exerts  on  that  pound  of  mass 
then  the  weight  will  vary,  as  gravity  varies,  with  the  lo- 
cation. But  if  we  define  the  unit  of  force  with  precision 
as  the  force  with  which  gravity  attracts  a  pound  of  mat- 
ter at  45  deg.  and  the  sea  level,  where  g  =  38.1740,  and 
define  a  foot-pound  as  the  work  done  by  that  force  acting 
through  a  distance  of  one  foot,  and  the  horsepower  as 
550  of  such  foot-pounds  per  second,  we  have  a  precise 
value  of  the  horsepower  in  English  units,  which  has  a 
definite  relation  to  the  watt,  and  which  can  be  computed 
when  we  have  the  precise  values  of  the  meter  and  kilo- 
gram in  English  units. 

"An  uncertain  definition  of  the  horsepower  might  cause 
misunderstandings.  No  such  confusion  is  possible  if  the 
iiorsepower  is  defined  in  such  a  way  as  to  represent  the 
same  amount  of  power  at  all  i)laces." 

No  such  confusion  is  possible  if  we  define  the  iiorse- 
power as  550  ft.-lb.  ])er  sec,  and  if  we  define  the  foot- 
))ound  with  ])recision  as  above  described,  the  pound  in 
the  foot-pound  being  the  force  exerted  by  gravity  on  one 
pound  of  matter  at  45  deg.  and  the  sea  level,  or  tlie  force 
which,  constantly  ap])lied  to  a  pound  of  matter  free  to 
move,  will  give  it  an  acceleration  of  32.1740  ft.  per  sec. 
per  second. 

The  Hureau  of  Standards  ucglecls  this  easy  niclliod  of 
arriving  at  a  precise  definition  of  the  horsei)ower,  which 
may  be  valued  either  in  foot-pounds  per  second  or  in 
watts,  abandons  its  former  definition,  the  time-honored 
550  ft.-lb.  j)er  sec,  and  its  e(|uivalcnt  as  formerly  com- 
puted liy  the  bureau,  7I5.GI9I  watts.     It  says: 

"On  account  of  well  established  use  of  15  deg.  as  a 
standard  latitude,  the  hor.scpowcr  tables  in  this  bureau's 
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Tables  of  Equivalents  rormerly  assumed  550  ft.-lb.  per 
see.  as  the  correct  equivalent  at  45  deg.  latitude,  which 
gave  the  inconvenient  relation.  1  hp.  =  745.6494  watts. 
Further  editions  of  bureau  publications  will  use  the  re- 
lation 1  hp.  =  746  watts." 

The  inconvenient  relation,  it  will  be  noticed,  is  carried 
out  to  the  fourth  decimal  place,  or  to  seven  significant 
figures,  indicating  an  order  of  precision  far  greater  than 
that  of  the  value  of  39.37  in.  in  a  meter,  or  than  that 
of  any  determination  of  the  acceleration  due  to  gravity 
at  any  location,  both  of  which  values  are  used  in  con- 
verting foot-pounds  per  second  into  watts.  The  "incon- 
venience" might  have  been  eliminated  even  with  all 
practicable  scientific  precision,  by  changing  the  value 
less  than  one  part  in  a  million,  adding  0.0006  watt,  and 
making  it  745.650,  as  in  Hering's  conversion  tables. 

Instead  of  doing  this  the  bureau  arbitrarily  changes 
the  value  to  746  watts,  stating  that  this  is  equivalent  to 
550  ft.-lb.  per  sec.  at  latitude  50  deg.  (instead  of  45  deg.) 
and  makes  the  number  of  foot-pounds  per  second  in  a 
horsepower  at  latitude  45  deg.,  550.28  instead  of  550. 
It  also  gives  a  series  of  short  tables,  showing  the  value 
of  the  English  and  American  horsepower  (746  watts) 
in  foot-pounds  per  second  and  in  kilogram-meters  per 
second,  at  various  latitudes  and  altitudes.  From  these 
tables  the  following  values  are  taken : 

Lat.  0  deg.  (equator)  sea  level  551  75;  10,000  ft.  alt.  552.08 
Lat.  45  deg.  (equator)  sea  level  550.28;  10.000  ft.  alt.  550.61 
Lat.  90  deg.     (pole)      sea  level  548.82;  10,000  ft.  alt.  549. 15 

Approximate  values:  London  50  deg.,  550;  Washington 
39  deg.,  550.5;  New  Orleans  30  deg.,  551.  Taking  the 
figure  550.28  as  the  value  of  the  horsepower  of  746  watts 
at  lat.,  45  deg.  gives  550.28  :  550 :  :  746  :  745.620. 

The  last  figure  represents  the  value  of  the  horsepower 
(550  ft.-lb.  per  sec.  at  lat.  45  deg.)  in  watts,  if  we  take 
the  bureau's  figure  550.28  as  the  correct  figure  corre- 
sponding to  746  watts.  It  does  not  correspond  with  the 
bureau's  old  figure  745.6494.  It  would  appear  that  a 
new  figure  for  the  acceleration  due  to  gravity  at  lat.  45 
deg.  was  taken  in  computing  the  bureau's  new  tables. 

In  order  to  escape  the  "inconvenient  relation"  ex- 
pressed by  the  figure  745.6494  and  to  obtain  the  more 
convenient  figure  746,  the  bureau  would  put  engineers 
to  the  inconvenience  of  looking  up  the  tables  showing 
the  variation  of  the  horsepower  (when  expressed  in  foot- 
pounds per  second)  every  time  they  wished  to  convert 
foot-pounds  per  second  into  horsepower.  It  would  have 
been  much  simpler  if  they  had  defined  the  horsepower 
;\s  745.62  watts,  and  stated  that  it  was  equivalent  to  550 
ft.-lb.  per  sec.,  giving  the  foot-pound  the  precise  defini- 
tion of  the  work  of  overcoming  a  force  of  one  ]30und 
through  a  distance  of  one  foot,  and  defining  the  unit 
of  force,  as  before  stated,  as  the  force  exerted  by  gravity 
on  one  pound  of  matter  at  45  deg.  at  the  sea  level. 

The  bureau  defined  the  watt  as  follows:  "The  watt 
is  the  power  developed  by  the  action  with  a  velocity  of 
one  meter  per  second  of  a  force  capable  of  giving  to  the 
mass  of  one  kilogram  in  one  second  a  velocity  of  one 
meter  per  second." 

Since, force  is  defined  (in  the  metric  system)  as  equiva- 
lent, numerically,  to  the  product  of  the  mass  (quantity 
of  matter)  in  kilograms  and  the  acceleration  in  meters 
per  se(:-ond  per  second,  and  taking  g  as  the  acceleration 
at  any  given  place,  the  above  definition  may  be  converted 
into  the  following : 


The  watt  is  the  power  developed  by  the  action  with  a 

velocity    of   one    meter    per   second    of     -    of   the    force 

capable  of  giving  to  the  mass  of  one  kilogram  an  accelera- 
tion of  g  meters  per  second  per  second  or  more  simply : 
The  watt  is  the  power  developed  by  the  action  with  a 

velocity  of  one  meter  per  second  of    -  of  the  force  which 

gravity  exerts  upon  the  mass  of  one  kilogram,  at  45  deg. 
at  the  sea  level,  g  =  9.80665,  the  value  established  by 
international  agreement  (Troisieme  Conf.  des  poids  et 
mesures,  1901,  pp!  66-68;  Marks  &  Davis'  "Steam  Tables 
and   Diagrams,"  p.  93). 

Taking  this  value  of  the  watt  and  550  ft.-lb.  per  sec. 
as  the  value  of  the  horsepower,  with  one  kilogram  = 
2.204622  lb.  and  one  meter  =  39.37  in.,  we  obtain  the 
relation  lietwcen  the  watt  and  the  horsepower  as  fol- 
lows : 

Power  =   rate  of  work  =  force   X    velocity 


1  waft  = 


X  2.204622  X 


X  1  w.      per  *■#(•.   = 


1 


9.80665 
0.7375()04(i  ft. -lb.  per  sec. 


1  ft.-lb.  per  sec.  =  1.35582105  watts 

550  ft.-lb.  per  sec.  =  745.70158  watts 

1   hp.   =   745.7  watts 

The  error,  due  to  leaving  oft'  all  the  decimals  but  one,  is 
less  than  1  part  in  472,000. 

For  all  ordinary  engineering  work  the  engineer  will 
use  746  watts  as  the  equivalent  of  a  horsepower  of  550 
ft.-lb.  per  sec,  just  as  he  uses  32.2  for  the  value  of  g 
instead  of  32.1740,  the  more  accurate  figure  (at  lat.  45 
deg.),  and  778  ft.-lb.  as  the  mechanical  equivalent  of  the 
I'ritish  thermal  unit  Instead  of  777.536,  which  is  com- 
puted from  Smith's  value  of  the  mean  calorie  4.1834  X 
10'  ergs.  {Monthly  Weather  Review,  October,  1907), 
g  =  9.80665,  1  kg.  =  2.204622  lb.,  and  1  m.  =  39..37 ; 
but  when  he  wishes  to  have  his  results  computed  with  ac- 
curacy beyond  the  third  significant  figure  he  should  use 
the  more  accurate  constants  or  tables  based  tipon  them. 

If  we  should  accept  the  bureau's  advice  and  adopt  746 
watts  as  the  precise  equivalent  of  the  horsepower,  and 

consequently  give  a  varialile  value  to  the  foot-pound.  -  .  -  .-,„ 

of  a  horsepower  at  45  deg.  lat.,  and  sea  level,  and    .-^.T^rr 

ooU.bl 

of  a  horsepower  at  45  deg.  lat.,  and  10,000  ft.  altitude, 

etc.,  no  end  of  confusion  would  result.     For  example : 

A  .steam  engine  is  tested  at  New  Orleans,  lat.  30  deg., 

and  the  following  data  are  obtained : 

Area    of    cylinder   ...  .330   sq.in. 

Steam    pressure 150    lb.    absolute 

Back-pressure IS   lb.   absolute 

Mean  effective  pressure -50  lb.  per  sq.in. 

Piston  speed 600  ft.  per  min. 

Feed  water  temperature 200  deg.  F. 

Feed   water   consumption 12,000  lb.   per  hr. 

Required  the  indicated  horsepower,  the  steam  consump- 
tion per  horsepower-hour,  and  the  thermal  efficiency. 

DATA  FROM  STEAM  TABLES 

B.t.u.  per  lb.  steam,  150  lb 119.3  4 

B.t.u.  per  lb.  water,  200  deg.  F .    .      1B7.9 


Difference 

Computed  results,  engineer.s'  method : 
_    ^-4,S'   _  50  X  330  X  600 
^"  "  33,000  "  33,000 

Steam  per  i.hp.  per  hr.  12,onn  -^  300  =  40  lb. 


30i»  !.7/p. 
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Heat  equivalent  vf  a  lip.-lir. 


1,980,000 


=  2547  B.t.ii. 

D 

X    -iO    =    41.020 


Heat   expended   per  lip.-hr.    1025. 

2547 

=  G.209  per  cent. 


R.t.u.     Tliermal  efficiencv 


41,(120 

According  to  tlie  Bureau  of  Standards  inetliod.s.  we 
would  find  from  the  bureau's  tables  that  at  Xew  Orleans 
a  horsepower  is  approximately   551  ft. -lb.  per  sec,  and 

that  a  pound  force  at  Xew  Orlean.s  is  ^-v  of  the  pound 

force  at  lat.  50  deg.  Then  we  would  have  to  consider 
what  is  meant  by  a  pound  in  the  data,  150  lb.  absolute 
pres.sure  at  50  lb.  m.e.p.  The  first  is  measured  by  a 
pressure  gage  and  the  second  by  the  spring  of  a  steam- 
engine  indicator.  The  first  may  have  been  standardized 
by  dead  weights  in  Washington  and  the  .second  by  dead 
weights  in  Boston  and  the  standardization  may  or  may 
not  have  been  reduced  to  the  equivalent  at  lat.  45  deg. 
or  50  deg.  The  figures  taken  from  the  steam  tables  are 
based  on  the  fact  that  a  pound  pressure  is  eqiiivalent  to 
the  force  exerted  by  gravity  upon  a  pound  of  matter  at 
45  deg.  at  the  sea  level  or  at  any  place  where  the  ac- 
celeration due  to  gravity  is  32.174  ft.  per,  sec.  per  sec. 
The  constants  used  in  the  engineers'  computations, 
1193.4,  167.9,  1,980,000,  777.5  all  are  referred  to  a  pound 
of  force  having  a  definite  and  constant  value.  Do  any 
of  these  figures,  or  do  any  of  those  relating  to  pressures 
in   the  observed  data  need  to  be  multiplied  or  divided 

bv  the  ratio   ^^7-   or  by  the  ratio  r^  ^ ,  in  order  to  ob- 
ooO  -  5o0.28 

tain  correct  values  for  the  horsepower,  the  steam  con- 
sumption per  horsepower  per  hour,  or  the  thermal  effi- 
ciency?    The  Cjuestion  may  be  referred  to  the  l)ureau. 

According  to  the  bureau,  the  watt  is  the  product  of  a 
definite    force    into    a    definite    velocity.      The    force    is 

7n.,-,.7r^    of  a  kilogram  force,  or  of  the  force  exerted  by 

gravity  on  one  kilogram  at  lat.  45  deg.  The  horsepower 
is  defined  as  746  watts.  Why  not  define  it  al.so  a.s  the 
product  of  a  force  into  a  velocity,  or  as  a  convenient 
multiple  (say  550  times)  that  product,  and  why  not  give 
a  definite  and  precise  value  to  the  two  factors  of  that 
product,  viz. :  the  force  in  pounds  and  the  velocity  in 
feet  per  second  ?  The  precise  definition  of  a  pound  force, 
as  that  force  which  will  give  an  acceleration  of  32.1740 
ft.  per  sec.  per  sec.  to  a  pound  of  matter,  is  in  harmony 
with  our  modern  steam  and  entropy  tables  and  with  all 
our  conceptions  of  forces  that  are  other  than  the  force 
of  gravity,  such  as  the  pressure  of  steam,  the  tensile 
strcMigth  of  metals,  the  reaction  of  a  spring,  the  pres- 
sure required  to  compres.s  air,  etc.  This  definition  of  the 
pound  force  is  in  exact  harmony  with  the  following 
definition  given  in  Louis  A.  Martin's,  Jr.,  "Text  Book 
of  Mechanics,"  vol.  IV,  p.  1 :  "The  unit  of  force  is  the  at- 
traction exerted  by  the  earth  upon  a  certain  piece  of 
jihitinum  when  at  a  latitude  of  45  deg.  and  at  the  sea 
level.  This  piece  of  platinum  is  marked  P.  S.  1844,  1 
lb.  and  i.s  carefully  ])re.served  in  Lomlon." 

The  only  excu.se  given  by  the  bureau  for  its  new  defini- 
tion ipf  the  horsepower  is  that  the  figure  formerly  used 
by  it  in  converting  watts  to  horsepower  745.6494  is  an 
"inconvenient  relation,"  and  that  716  is  more  convenient. 
'I'lic  bureau's   old    figure  has  a  great  pretension   to  ac- 


curacy, but  it  is  not  nearly  as  correct  (if  we  accept  the 
international  standard  value  oi  g  =  9.80665)  as  the  fig- 
ure 745.7,  which  is  almost  as  convenient  as  746,  and 
^astly  more  convenient  than  the  set  of  variable  values 
550.28,  etc.,  ft.-lb.  given  by  the  bureau. 

The  bureau's  circular  contains  the  following:  "It  is 
hoped  that  engineering  societies  and  other  interests  con- 
cerned will  recognize  the  value  of  the  English  and  Amer- 
ican horsepower  as  746  watts,  or  550  ft.-lb.  per  sec.  at 
50  deg.  and  sea  level  (approximately  latitude  of  Lon- 
don), employing  Table  II  to  obtain  the  value  in  foot- 
pounds per  second  at  other  places." 

It  is  hoped,  from  the  engineer's  point  of  view  that  the 
societies  and  other  interests  will  commit  no  such  blunder, 
but  that  on  the  contrary  the  bureau  will  withdraw  its 
circular  No.  34,  and  get  itself  in  harmony  with  the  be.st 
modern  engineering  practice  by  defining  a  pound  force  as 
the  force  which  will  give  a  pound  matter  an  accelera- 
tion of  9.80665  ni.,  or  32.1740  ft.  per  sec.  per  sec,  and 
the  horsepower  as  550  ft.-lb.  per  sec.  33,000  ft.-lb.  per 
miu.,  which  is  equivalent  to  745.7  watts. 

Abbott  Valve  Reseating    Machine 

This  simple  device,  manufactured  by  the  Abbott  Hard- 
ware Co.,  636  Columbus  Ave.,  Xew  York  City,  is  illus- 
trated herewith.  It  consists  of  a  knurled  center  disk  with 
tapered  threaded  disks  on  either  side,  which  fit  into  the 
bonnet  opening  of  globe  and  angle  valves,  as  shown.  This 
tool  is  made  for  valves  ranging  from  %  up  to  2  in.  in 
size.  Cutters  are  supplied  with  each  machine  suitable  for 
different  sized  valves. 


A'alvk-kkseating  Macuixk 

To  rcuMind  a  valve  .scat,  the  tool  is  screwed  into  th<! 
valve  after  fitting  the  projier  size  cutter  to  the  spindle. 
The  cutter  is  then  turned  by  the  handle,  and  the  feeding 
is  done  by  the  top  knurled  handwheel,  which  ]irevents 
chattering  of  the  knife,  and  insures  a  smooth  scat. 
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The  Augustine  Rotary  Engine 


In  a  rotary  engine  of  the  type  .^hown  in  Fig.  1  it  it^ 
evident  that  the  pressure  in  tlie  active  part,  31,  of  the 
cylinder  will  not  only  force  the  piston,  8,  ahead,  hut  will 
exert  an  equal  force  per  unit  of  area  upon  that  jiortiou 
of  the  surface  of  the  cylinder,  i,  which  lies  between  the 
running  joint,  13,  and  the  piston.  As  this  cylinder  is 
carried  upon  the  main  .ihaft,  an  excessive  pressure,  vary- 
ing in  magnitude  and  direction,  is  exerted  upon  the  bear- 
ings. One  of  the  modifications  which  the  Augustine 
rotary  engine  has  undergone  since  our  description  of  it  in 
the  Dee.  21,  1909,  issue  is  designed  to  overcome  this  diffi- 
culty. 

If,  as  in  Fig.  2,  a  second  cylinder,  18,  concentric  with 
the  piston  cylinder,  4,  be  carried  upon  the  same  shaft 
and  small  apertures,  30,  be  provided  to  transmit  the  pres- 
sure existing  in  the  chamber,  31,  to  the  pockets,  14, 
formed  by  ribs,  16  (see  also  Fig.  5),  upon  the  outer  sur- 
face of  the  intervening  abutment,  3,  the  i>ressure  in  the 


sliown  at  21  and  the  exhaust  ports  at  22  in  Fig.  4.  The 
joint,  13,  in  which  the  cylinder,  4,  Fig.  3,  runs  is  turned 
to  the  radius  of  that  cylinder  and  provided  with  water 
grooves  or  pockets.  That  the  balancing  is  effective  may  be 
demonstrated  by  removing  the  caps  from  the  journal 
liearings  when  the  engine  is  running.  The  sliaft  will  l)e 
found  to  be  floating  freely. 

The  exhaust  is  valveless,  taking  ])lace  when  the  pi.ston 
passes  the  upper  ends  of  the  ports,  22,  Fig.  4.  The  ad- 
mission and  cutoff  are  controlled  by  a  cylindrical  valve, 
6,  Fig.  8,  which  is  turned  throitgh  an  arc  of  a  circle  by 
means  of  the  attached  toothed  segment  which  gears  with 
a  segment  of  twice  its  radius  on  the  shaft,  7,  which  pro- 
jects as  shown  in  Fig.  4  and  carries  an  arm  which  is  at- 
tached to  the  shaft  governor  as  shown  in  Fig,  9. 

As  with  increasing  speed  the  governor  weights  are 
thrown  outward,  the  throw  of  the  governor  eccentric  is 
decreased,  the  movement  of  the  valve  diminished  and  the 


■"^^//////AiC^/^" 


Fig.  1  Fic.  2. 

Showing  Thrust  on  Bearing.s  in  Rotary  Engine 


acting  cylinder  will  be  transmitted  to  the  inner  surface  of 
the  balancing  cylinder,  IS,  and  the  shaft  be  lifted  therel)y 
in  a  contrary  direction  to  that  in  which  it  is  forced  by 
the  pressure  upon  the  piston  cylinder,  4,  relieving  the 
])ressure  upon  the  bearings. 

How  this  idea  has  been  applied  to  the  engine  is  shown 
by  the  accompanying  engravings.  Fig.  3  shows  the  piston 
cylinder,  4,  with  the  pistons,  8,  and  one  portion  of  the 
lialaneing  cylinder,  18.  A  similar  portion  slips  over  the 
nearer  head  and  the  tongued  inner  edges  of  these  bal- 
a,ncing  cylinders  run  in  the  grooved  edges  of  the  ring,  15, 
tipon  the  center  of  the  abutment.  Fig.  5.  The  apertures 
leading  from  the  cylinder  to  the  pockets  have  check  valve? 
to  prevent  the  return  of  the  oil  which  is  forced  through 
them  by  centrifugal  force  and  which  creates  a  film  pre- 
venting steam  leakage.  This  central  ring.  1.5.  fits  tightly 
into  the  casing.  8,  Fig.  4,  to  which  it  is  firmly  bolted  from 
the  outside,  and  the  balancing  cylinders,  18,  Fig.  3,  run 
in  the  annular  spaces,  19,  Fig.  4.  at  either  end.  Openings 
in  the  ring,  one  of  which  is  shown  at  20  in  Fig.  5  permit 
the  steam  to  enter  and  escape.     The  admission  ports  are 


point  of  cutoff  made  earlier.  The  multiplication  of  the 
movement  of  the  valve  by  the  use  of  the  larger  segment 
gives  quick  opening  and  closure. 

Other  important  sotirces  of  friction  and  wear  in  the 
earlier  engine  were  the  movement  of  tlie  piston  blades  in 
and  out  against  a  heavy  pressure  and  the  scraping  of  the 
outer  edge  of  the  piston  against  the  inner  surface  of  the 
cylinder  as  it  was  thrown  outward  against  it  by  centrifu- 
gal force.  To  reduce  the  first  the  pistons  have  been  pro- 
vided with  roller  bearings  at  their  ends,  as  shown  at  9 
in  Figs.  3  and  7,  and  to  avoid  their  pressttre  tipon  the 
cylinder  they  are  carried  positively  bv  the  blocks,  12,  Fig. 
6,  into  which  the  bushed  shanks,' ll'.  of  Fig.  7,  fit.  The 
centers  of  the  overlapping  rings,  24,  Fig.  6,  being  ec- 
centric to  the  center  of  the  mainshaft.  the  distance  be- 
tween the  holes,  12,  and  the  shaft  center  changes  as  they 
are  carried  around  in  their  eccentric  path,  and  the  pis- 
tons are  positively  carried  inward  and  outward  in  their 
grooves  with  no  other  contact  with  the  cylinder  surface 
than  is  necessary  for  a  tight  joint. 

The  plate,  10,  Fig.  7,  closes  the  opening  in  the  head  "f 
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the  piston  cylinder  in  which  the  pistons  slide,  as  shown 
in  Fig.  3.  Tlie  spring-backed  plug,  32,  Fig.  4,  runs 
against  the  inner  surface  of  the  head  of  the  balancing 
cylinder,  18,  Fig.  3,  and  prevents  steam  from  blowing 
by  the  ends  of  the  running  joiiit,  13,  Fig.  i,  from  the 
high-pressure  side  of  the  cylinder  to  the  exhaust.  The 
bearings  are  carried  in  the  heads,  as  shown  in  Figs.  6  and 
9,  and  are  ring-oiled.  In  order  to  start  the  engine  when 
it  has  stopped  with  the  piston  beyond  the  point  of  cut- 
off, a  bypass  valve,  26,  Figs.  4  and  9,  is  provided. 

Several  hundred  of  these  engines  varying  iu  capacity 
from  5  to  200  hp.  and  mostly  of  the  earlier  design  have 
been  built  and  are  at  work.  The  normal  speed  varies 
from  400  r.p.m.  in   the  smaller  sizes  to  300  or  3.50  for 


'"Hydrogen  Gas  Eetort"  upon  a  circular  of  such  a  device. 

One  of  tlie  claims  conunonly   advanced,  is  for  great 

economj'  due  to  the  decomposition  of  the  steam  by  the 

hot  coal.     ^Aliile  this  is  true  according  to  the  reaction 

coal  steam 

Carbon  +  hj'drogen  oxide  =  earbonic  oxide  -(-  hydrogen 

yet  there  can  be  but  little  or  no  economy  in  it,  because 
heat  is  used  up  in  decomposing  the  water.  This  fact  is 
lost  sight  of  by  the  advocates  of  such  apparatus.  The 
reaction  that  has  taken  place  is  analogous  to  rolling  a 
heavy  stone  up  hill.  ^Alien  the  enthusiasts  over  first  aids 
to  combustion  of  this  kind  point  out  "the  amount  of  work 
that  can  be  done  if  the  stone  be  allowed  to  roll  down ;'" 
they  appear,  as  it  were,  when  the  stone  is  at  the  top  of 


The  Al'gustixe  Eotart  Exgixe.    Figs.  3  to  !•. 


engines  of  200  hp.,  although  the  inventor  chiims  tliat 
the  snuiller  engines  may  be  run  as  higli  as  2100  r.ii.ni. 
and  places  no  limit  upon  the  capacity  for  which  he  will 
take  an  order. 

The  engine  shown  in  Fig.  9  is  19  in.  long,  ]<  in.  wide 
at  the  base,  stands  20  in.  higli.  has  a  shaft  48  in.  long,  is 
17  in.  outside  diameter  and  weighs  800  lb.  complete. 
Tested  at  the  Ohio  State  University  it  delivered  39. ()9 
h.hp.  on  36.79  lb.  of  .steam  per  b.hp.-hr.,  the  steam  being 
at  a  pressure  of  106.7-lb.  gage  superheated  116  deg.  and 
the  exhaust  into  the  atmosphere.  The  engine  is  built  by 
the  Augustine  Automatic  Rotary  Engine  Co.,  Buffalo, 
X.  Y.,  and  the  Augustine  Hotary  Mill  &  Factory  Engine 
Co.,  Mt.  Vernon.  Ohio. 

Decomposition  of  Steam  by  Heat 

F>y  Dn.  Augi'stis  II.  (Jii.i. 

.\nu)ng  the  various  means  for  the  prevention  of  smoke 
is  the  jet  of  steam,  used  chiefly  to  suck  in  a  current  of 
air.  This  it  certainly  does,  but  it  also  gives  an  opportun- 
ity for  the  advancement  of  extravagant  claims  for  the 
device  as  a  gas  producer;  T  remember  seeing  the  legend 


the  hill,  to  forget,  and  make  the  victim  It)rget,  the  toil 
necessary  to  get  it  there. 

Similarly  they  disregard,  and  make  others  lose  sight  of, 
the  energy  used  up  in  decomposing  the  steam.  There 
is  practically  nothing  to  be  gained  by  this  operation 
because  the  heat  that  the  combustion  of  the  hydro- 
gen produced  is  exactly  equal  to  that  used  up  in  the 
decomposition  of  the  steam.  Thei'c  may  be  a  slight 
economy  in  that  the  carbonic  oxide  formed  may  be  con- 
sumed to  better  advantage  than  the  coal  from  which  it 
is  made.  The  temperatures  required  for  the  decompo- 
sition of  steam  by  coal  are  from  121.5  deg.  F.,  when  about 
9  per  cent,  is  broken  up,  to  2057  deg.  F.*  when  it  is  ]>rac- 
lically  all  deconi])osed. 

Another  claim,  and  one  even  more  preposterous,  is 
that  by  passing  steam  through  white-hot  iron  retoits  or 
pipes  it  is  decomposed  into  hydrogen  and  oxygen,  of 
which  one  is  avaiiaiijc  as  a  fuel  and  the  other  as  an  aid 
to  combustion.  This  probably  comes  from  the  fact  that 
wlien  the  apparatus  is  new,  liydrogen  will  actually  be 
found  in  the  gases  issuing  from  it.    It  is  not  formed  from 


•Bunte  J.   Gas  T.lghtlngr   53,   p.   481. 
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the  deioinposition  of  water  iuto  hydrogen  and  oxygen, 
but  in  accordance  with  the  well-knowTi  fact  that  red-hot 
iron  will  decompose  steam  according  to  the  reaction : 

iron  -\-  hydroqen  oxide  =  iron  oxide  +  hydrogen 
This  has  been  made  use  of  for  many  years  for  the  protec- 
tion of  iron  fittings  and  is  called  the  Bower-Barfl  process. 
When,  however,  the  pipes  and  retorts  become  thoroughly 
coated  with  this  oxide  of  iron,  (forge  scale,  magnetic 
oxide)  no  further  decomposition  of  the  steam  can  take 
place. 

The  practical  difficulties  in  the  way  of  this  claim  are: 

First,  it  is  impossible  to  heat  steam  hot  enough  in  a 
coal-heated  furnace  to  decompose  any  usable  amount. 

Second,  if  it  were  decomposed,  when  it  is  cooled  down, 
for  example  to  pass  the  mixture  under  the  grate,  the 
hydrogen  and  oxygen  would  reconibine,  and  merely  super- 
heated steam  result. 

Third,  at  the  temperature  necessary  to  decompose  any 
appreciable  quantity  of  steam,  the  iron  (even  wrougbt- 
iron)  fittings  would  be  melted  and  give  way  under  the 
pressure. 

Fourth,  if  it  were  possible  to  dissociate  steam  under 


Visit  to  the  Mesta  Machine  Shops 

The  Engineers'  Society  of  Western  Pennsylvania 
visited  the  shops  of  the  Mesta  Machine  Co.,  at  West 
Homestead,  on  Saturday,  Dec.  28. 

A  shop  like  that  of  the  Mestas  is  always  full  of  in- 
terest, l)ut  upon  this  occasion  there  were  upon  the  floor 
two  engines  of  more  than  ordinary  account;  the  larger 
of  these  was  a  twin-tandem  compound-reversing  engine 
to  be  installed  in  the  works  of  the  Youngstown  Sheet  & 
Tube  Co.  It  has  two  46-in.  high-pressure  cylinders  and 
two  TG-in.  low-pressure  cylinders,  with  a  common  stroke 
of  60  in.  The  maximum  speed  is  300  r.p.m.,  and  it  is 
said  to  be  the  most  powerful  rolling-mill  engine  ever 
built.  The  throttle  and  reverse  gears  are  controlled  by 
a  single  lever,  which  has  the  advantage  of  simplicity  and 
compels  the  engineer  to  run  always  with  the  most  eco- 
nomical cutoff.  The  engine  also  has  a  more  direct  drive 
and  a  less  complicated  valve-gear,  with  fewer  j)arts  than 
are  used  on  the  usual  engine  of  the  rolling-mill  type. 

The  smaller  unit  was  a  direct-flow  steam  engine  to  be 
installed  in  the  power  plant  of  the  Carnegie  Institute  of 
Technology      It  has  a  single  cylinder  28  in.  in  diameter 
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these  conditions  there  would  be  nothing  gained,  for  the 
reason  given  above,  in  the  decomposition  with  carbon; 
the  heat  absorbed  in  the  decomposition  of  steam  is  only 
Just  returned  in  the  combustion  of  the  hydrogen  and 
oxj'gen  formed. 

Lowenstein  and  Wartenburg  in  1906*  showed  that  at 
2060  deg.  F.,  about  the  melting  jjoint  of  average  cast  iron 
(1012  deg.— 2310  deg.)  steam  was  but  0.0086  per  cent, 
decomposed;  and  even  at  a  temperature  but  little  above 
that  of  melting  wrought  iron  (2900  deg.  F.)  only  one- 
third  of  one  per  cent,  was  dissociated. 

This  means  that  in  cast  or  wrought-iron  retorts  prac- 
tically no  steam  can  be  decomposed  into  hydrogen  and 
oxygen;  and  if  there  were  any  of  these  gases  formed,  inas- 
much as  the  reaction  by  which  tliey  are  formed  is  under 
the  conditions  a  reversible  one,  that  they  will  reconibine 
the  moment  the  temperature  is  lowered. 

From  these  considerations  it  would  seem  to  be  clearly 
impracticable  to  use  the  process  in  boiler  practice. 


•Zeit.  f.   physik.  Chem.  54,  715. 


by  42-in.  stroke,  and  is  a  modified  Stumpf  unidirectional- 
flow  engine,  having  Corliss  steam  valves  in  the  head  and 
Corliss  exhaust  valves  at  some  distance  toward  the  cen- 
ter from  the  head,  thus  making  a  pocket  in  the  hot  end 
of  the  cyliiuler.  It  has  not  the  central  vaJveless  exhaust 
port,  and  the  piston  is  therefore  much  shorter,  result- 
ing in  a  much  shorter  cylinder  than  in  the  usual  Stumpf 
engine.  On  account  of  the  lesser  compression  also  a. 
smaller  cylinder  diameter  can  be  tised,  and  they  were  able 
to  obtain  this  modified  form  of  the  Stumpf  adapted  to 
iioncondensing  operations,  at  a  cost  something  like  30 
])er  cent,  below  that  of  the  full-fledged  unidirectional-flow 
machine.  This  engine  is  guaranteed  to  run  on  27  lb. 
of  steam  per  kw.-hr.,  the  pressure  being  175-lb.  gage  with 
100  deg.  of  superheat  and  the  exhaust  into  the  at- 
mosphere. 

The  guarantees  for  noncoudensiug  steam  turbines  ran 
from  35  to  47  lb.  per  kw.-hr.  under  the  same  conditions. 

AVe  are  promised  details  and  illustrated  descriptions  of 
these  engines  as  soon  as  they  are  in  position  and  have 
demonstrated  what  thev  can  do. 
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Primer  of  Electricity 

By  Cecil  P.  Poole 
Dyxamo  ANT)  Motor  Characteristics 

Every  direct-current  machine  of  regular  construction 
may  be  operated  either  as  a  dynamo  or  as  a  motor.  Tliere 
is  no  difference  between  the  two  machines  except  in  their 
controlling  apparatus ;  used  as.  a  dynamo,  the  machine  is 
provided  with  a  high-resistance  rheostat  connected  in  ser- 
ies with  the  shunt  field  winding;  iised  as  a  motor,  it  is 
provided  with  a  low-resistance  starting  rheostat  connected 
in  series  with  the  armature. 

Tlie   speed   of  a  given   machine,  when  operating  as  a 


The  foregoing  statements  apply  to  either  a  shunt-wound 
or  a  compound-wound  machine,  but  with  the  latter  type 
(to  get  the  same  comparison)  the  connections  of  the  series 
field  winding  must  be  reversed  in  order  that  the  nuignetiz- 
ing  effect  of  the  winding  may  be  the  same  in  both  cases. 
Figs.  121  and  122  will  assist  in  making  it  clear  why  this 
is  true.  In  the  dynamo.  Fig.  121,  the  current  flows  from 
the  pomtive  brush  to  the  line  through  the  series  winding, 
exciting  that  winding  in  the  same  direction  that  the  shunt 
winding  is  excited.  Bunuing  as  a  motor  (Fig.  122),  the 
current  flows  from  the  line  to  the  positive  irush  through 
the  series  winding,  exciting  the  latter  in  the  opposite 
direction.  Beversing  the  terminals  of  the  series  winding, 
as  in  Fie.  128.  corrects  this. 


Flti.    121.    Coill'OLXD-WOLXD 

Machixe  as  a 
Dyxamo 


Fig.  122.  CoMPorxD-wocxT)  Ma- 
chixe AS  A  Motor,  Coxxec- 

TIOXS    UXCHAXGED 
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Fig.  123.  Coxxectioxs  Corrected 

FOR    BrXXIXG    AS    A 

Motor 


dynamo,  must  be  appreciably  higher  than  that  at  which 
it  runs  as  a  motor,  if  the  voltages  are  the  same  in  both 
cases.  The  drop  of  voltage  in  the  armature  circuit  causes 
this  difference  in  speed.  For  example,  if  a  dynamo  de- 
livered 110  volts  and  100  amp.  running  at  1150  r.p.m. 
and  the  resistance  of  the  armature  circuit  were  0.05  ohm, 
the  drop  in  the  armature  circuit  would  be 

100  X  0.05  =  5  rolts 
and  the  total  electromotive  force  generated  in  the  arma- 
ture winding  would  be   115  volts;   110  delivered  at  the 
brushes  and  5  absorbed  by  the  internal  resistance. 

If  that  same  machine  were  operated  as  a  motor  on  a 
110-volt  supply  circuit  and  given  a  load  that  caused  the 
armature  to  take  100  amp.,  the  drop  in  the  armature 
circuit  would  be  5  volts,  as  before,  but  tliis  would  be  sub- 
tracted from  the  impressed  electromotive  force  of  11 1> 
volts,  leaving  105  volts  to  be  balanced  by  counter  elec- 
tromotive force.  As  the  armature  generated  115  volts 
■.\'  1150  r.p.m.  when  driven  as  a  dynamo,  it  will  generate 
1".")  volts  at  1050  r.p.m.  This,  therefore,  will  be  the 
speed  when  running  as  a  motor,  with  the  same  armature 
current  as  before. 


A  compound-wound  dynamo  can  be  used  as  a  motor 
without  changing  the  connections  of  the  series  field  wind- 
ing, but  it  is  not  usually  advisable  because  when  this  is 
done  the  machine  becomes  a  differential  compovmd-wound 
motor  and  therefore  has  a  relatively  small  starting  torque, 
owing  to  the  weakening  effect  of  the  series  winding  on 
the  field  magnet.  Such  a  machine  also  tends  to  increase 
its  speed  as  the  load  increases,  and  with  a  very  heavy  load 
may  "break  down''  and  stop  running,  due  to  the  reduced 
armature  torque.  Tliis  could  readily  happen  if  the  am- 
pere-turns in  the  series  field  winding  at  full  load  were  a 
large  proportion  of  the  ampere-turns  in  the  shunt  wind- 
ing. 

For  example,  if  the  shunt  field  winding  contained  -1000 
ampere-turns  and  the  series  field  winding  2000  (at  full 
load),  the  total  full-load  excitation,  with  the  windings 
magnetizing  in  the  same  direction,  would  l)e  6000  ampere- 
turns.  Suppose,  for  convenience,  this  i>roduced  a  flux  of 
6.000.000  maxwells  and  that  the  armature  torque  de- 
veloped by  this  flux  and  full-load  .current  was  3oit  ll).-ft. 
-Mso  suppo.se  thiit  2000  ampere-turns  of  excitation  would 
produce  3,000,000  maxwells,  or  one-half  of  the  normal 
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flux.     Then,  with  the  series  winding  opposing  the  shnnt 
winding,  the  net  field  excitation  would  be 

4000  —  2000  =  3000  maxwells 
and  the  result  would  be  one-half  the  correct  flux  and.  con- 
sequently, one-half  the  full-load  torque  with  full-load 
armature  current  flowing.  If  the  armature  could  speed 
up  to  twice  its  normal  rate  without  increasing  its  load, 
that  is  what  it  would  do.  because  of  the  halved  field  flux : 
and  it  would  deliver  the  normal  full-load  work.  But  if 
the  load  were  such  that  it  increased  with  the  speed,  the 
motor  could  not  speed  up  because  its  torque  would  not  be 


Fig.  124.   Directiox  of  .\RMATri!K  Pull 


would 


strong    enough    to    pull    the    increasing    load : 
probably  "break  down'"  and  stop. 

To  use  a  series-wound  dynamo  as  a  motor,  or  rice  rrrsa, 
either  the  terminals  of  the  field  winding  or  the  connec- 
tions at  the  brushes  must  be  reversed,  if  the  armature  is 
to  run  in  the  same  direction  as  before.  If  the  direction 
of  armature  rotation  be  reversed,  no  change  need  be  made 
in  the  connections  of  the  machine. 

DiRFXTiox  OF  Rotation' 

The  direction  in  which  a  motor  armature  will  revolve 
when  supplied  with  current  depends  on  the  connections 


versed  in  the  wire  loop,  the  core  will  tend  to  turn  in  the 
opposite  direction.  If  the  current  flow  be  as  indicated  by 
the  arrow-heads  and  the  field  magnet  polarity  be  re- 
versed, the  direction  of  the  armature  pull  will  be  reversed. 

The  direction  of  the  current  through  the  armature  wires 
depends  on  the  direction  of  entrance  and  exit  at  the 
brushes,  and  the  polarity  of  the  field  magnet  depends  on 
the  direction  of  current  flow  through  the  field  winding; 
hence  the  truth  of  the  statement  at  the  Iteginning  of  the 
preceding  paragraph. 

Fig.  125  is  a  diagram  of  a  shunt-wound  motor  in  which 
it  is  assumed  that  with  current  flowing  through  the  ar- 
mature and  field  windings  in  the  directions  indicated  by 
the  arrows,  the  armature  will  revolve  in  the  direction  in- 
dicated by  the  arrow  E.  If  the  wires  leading  to  the 
brushes  be  transposed,  as  in  Fig.  126,  the  direction  of  the 
current  through  the  armature  wires  will  be  reversed  and 
the  armature  will  therefore  revolve  in  the  opposite  direc- 
tion, indicated  by  the  arrow  R.  Again,  if  the  armature 
connections  be  left  as  in  Fig.  125  and  the  field  leads  be 
reversed,  as  in  Fig.  127.  this  will  reverse  the  field  magnet 
polarity  and  the  armature  will  revolve  in  the  opposite 
direction  to  that  in  Fig.  125. 

If  all  of  the  motor  connections  be  left  as  in  Fig.  125 
and  the  leads  from  the  main  terminals  to  the  supply  cir- 
cuit be  transposed,  making  the  right-hand  motor  terminal 
positive  and  the  left-hand  one  negative,  the  direction  of 
rotation  will  not  be  changed,  because  both  the  current  in 
the  armature  wires  and  that  in  the  field  winding  will  be 
reversed  and  the  direction  of  the  current  through  the  ar- 
mature wires  witli  respecl  to  the  field  polarity  will  be 
unchanged. 

The  foregoing  statements  regarding  the  direction  of 
motor  rotation  apply  also  to  self-exciting  dynamos.     If 


Fig.  125.  Suunt-wolnd  Motor 
for  rrxxixg  ix  xormal 
Directiox 


FiG.   12G.  Armature  Coxxec 
Tioxs  Reversed  foe  Re- 
verse  ROTATIOX' 


Fig.  127.  Field  Connectiox-s 

Reversed  for  Reverse 

rotatiox" 


between  the  field  winding  and  the  brushes.  The  reason 
for  this  is  that  the  direction  in  which  the  current  flows 
through  the  armature  wires  with  respect  to  the  polarity 
of  the  field  magnet  determines  the  direction  of  armature 
torque  or  pull,  as  explained  in  the  recent  lesson  on  the 
electric  motor.  Thus,  if  ciirrent  be  sent  through  the  wire 
loop  on  the  armature  core  in  Fig.  124  in  the  direction  in- 
dicated by  the  arrowheads,  the  core  will  tend  to  turn  in 
the  direction  of  the  curved  arrow.     If  the  current  be  re- 


the  armature  of  sucli  a  dynamo  be  driven  in  the  opposite 
direction  to  that  for  which  it  was  intended,  it  will  not 
generate  current  unless  the  connections  between  the  field 
winding  and  the  brushes  be  reversed.  Figs.  128  to  130 
show  why  this  is  true.  If  the  armature  generates  an 
electromotive  force  in  the  direction  indicated  by  the 
arrows  E,  E,  Fig.  128,  when  driven  in  the  direction  of 
the  curved  arrow  and  with  the  field  current  flowing  as 
indicated,  reversing  the  direction  of  rotation  will  reverse 
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the  (lirectiou  of  the  electromotive  force,  and,  to  continue 
the  iield  excitation  in  the  same  direction  as  before,  the 
connections  to  the  Ijrushes  must  be  reversed,  as  in 
Fig.   1-^9. 

If  the  t'onnections  between  the  iield  winding  and  the 
brushes  are  not  reversed,  the  machine  cannot  excite  itself 
with  the  armature  rotation  reversed,  because  the  direction 
of  the  electromotive  force  generated  by  the  armature  will 
be  opposite  to  the  direction  of  current  flow  required  in 
the  field  winding.  Fig.  130  illustrates  this  condition. 
With  current  flowing  through  the  field  winding  in  the  di- 
rection of  the  arrow  and  supplied  from  some  other  dy- 
namo, the  armature  electromotive  force  will  be  in  the  di- 
rection of  the  arrows  E,  E.  Therefore,  if  the  field  wind- 
ing were  connected  to  the  brushes  as  in  Fig.  128,  the  pol- 
arities would  be  wrong  and  the  armature  could  not  excite 
the  field  magnet  and  consequently  could  not  generate 
current. 

A  shunt-wound  machine  when  running  as  a  motor  will 
run  in  the  same  direction  in  which  it  is  driven  when  op- 
erating as  a  dynamo.  Comparison  of  Figs.  125  and  128 
will  make  this  clear.  The  fonner  shows  the  direction  of 
current  flow  when  running  as  a  motor.  As  the  counter 
electromotive  force  of  a  motor  armature  is  opposite  in 
direction  to  the  flow  of  current  sent  through  the  armature 
from  the  line,  arrows  indicating  the  generated  electro- 
motive force  in  Fig.  12.5  would  be  as  shown  at  E,  E,  Fig. 
]  28 ;  therefore  the  latter  diagram  shows  the  dynamo  con- 
ditions for  the  machine  represented  as  a  motor  in  Fig. 
12-5.  Xote  that  the  direction  of  rotation  is  the  same  in 
both  cases. 

A  series-wound  machine  when  operated  as  a  motor  will 
run  in  the  oppomte  direction  to  that  in  which  it  must  be 
driven  to  operate  as  a  dynamo.     This  fact  is  of  very  little 


yond  a  certain  point,  the  machine  will  lose  its  field  mag- 
netism and  stop  generating.  This  is  because  the  drop  in 
the  armature  circuit  reduces  the  electromotive  force  at 
the  brushes  to  such  a  point  that  the  field  excitation  drops 
below  the  point  of  "stability."  This  carries  the  reader 
back  for  a  moment  to  a  consideration  of  the  excitation 
curve.  Fig.  131  is  such  a  curve;  the  reason  for  its  shape 
was.  explained  in  an  early  lesson.  This  curve  was  plotted 
from  the  data  of  a  220-volt  dynamo.     The  numbers  on 
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Fig.  131. 


EXCITATIOX   CUKVE   OF  A    220- 
VOI/r  JfOTOK 


the  horizontal  scale  at  the  bottom  of  the  chart  are  volt- 
ages at  the  terminals  of  the  field  winding.     The  vertical  • 
scale  shows  voltages  generated  by  the  armature  corres- 
ponding  to   the   different   excitation    voltages.      For   ex- 
ample, with  90  volts  at  the  field  terminals  the  armature 


Fi<;.  128.  SiirNT-woixn  Dynamo 
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Fig.  130.  Revf.rse  Rotation 

AVer  11  Si:i'.\r!ATi';  Kxcitatiox 


}iracti(al  iinpdrtancc.  however,  liecanse  it  is  very  seldom 
that  any  occasion  arises  for  using  a  series-wound  dynamo 
as  a  motor  or  (he  rever.se.  Should  such  a  change  be  de- 
sired, it  would  be  necessary  to  reverse  either  the  direction 
of  rotation  or  the  connections  at  the  brushes  of  the 
machine. 

DvN'.vMo  "P)1!1:aki)()\v\"  I'oint 

If  the  load  of  a  shunt-wound  dynamo  be  increased  be- 


generated  1-10  volts;  with  1  10  exiiling  volts,  it  generated 
200  volts,  and  with  240  volts  at  the  field-winding  term- 
inals the  armature  generated  210  volts. 

N'ow  suppose  the  resistance  of  tlie  armature  circuit  to 
be  0.1  ohm  and  the  drop  at  the  brush  faces  to  be  2  volts  at 
all  loads.  With  330  amperes  guing  through  tiie  armature 
the  total  drop  would  be 

33  +  3  =  3.-)  vdUs 
so  that  the  exciting  volts  would  be  35  less  tlian  the  gen- 
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erated  volts.  This  condition  exists  when  the  generated 
volts  are  230  and  the  exciting  volts  195;  that  is,  at  the 
point  A  on  the  curve.  Increasing  the  load  to  580  amp. 
would  make  the  drop  58  volts  in  the  armature  plus 
2  at  the  brushes,  or  60  total.  The  exciting  volts  would 
therefore  be  60  less  than  the  generated  volts.  The 
machine  might  be  stable  under  this  condition  at  the  point 
B  on  the  curve,  where  the  generated  volts  are  200  and  the 
exciting  volts  are  140,  but  that  is  doubtful  because  it 
could  drop  to  the  point  C  and  still  have  a  margin  of  60 
generated  volts  above  the  exciting  volts. 

Any  further  increase  in  load  will  "break  down"  the 
machine — -that  is.  cause  it  to  lose  its  magnetization  and 
stop  generating,  because  the  difference  between  the  ex- 
citing and  generated  volts  would  be  greater  than  it  could 
stand.  For  example,  if  the  load  were  increased  until  the 
total  drop  through  the  armature  and  brushes  were  65 
volts,  the  machine  could  not  generate  enough  voltage  to 
excite  the  field,  because  there  is  not  a  point  on  the  curve 
where  the  machine  generates  65  volts  more  than  the 
pressure  required  to  excite  the  field. 

In  the  example  just  given,  no  account  was  taken  of  the 
weakening  effect  of  armature  reaction  upon  the  field, 
because  that  subject  has  not  yet  been  considered.  The 
influence  of  armature  reaction  merely  hastens  the  '"break- 
ing down"  of  the  dynamo,  causing  it  to  occur  higher  up 
on  the  excitation  curve  than  it  otherwise  would. 

In  practice,  a  well-designed  machine  never  reaches  the 
break-down  point  because  it  is  built  to  work  at  a  point 
so  far  up  the  excitation  curve  that  the  armature  current 
would  have  to  be  about  three  times  the  full-load  current 
to  cause  enough  drop  through  the  armature  circuit  to 
make  it  let  go. 

Losses  in  Turbo  =Alternators* 

The  total  iron  and  copper  losses  in  a  large,  high-speed 
turbo-alternator  are  in  general  no  higher  than  in  a  cor- 
responding capacity  low-speed  machine. 

As  far  as  the  iron  losses  are  concerned,  no  further  com- 
ment need  be  made  than  that  the  magnetic  flux  densities 
in  general  are  somewhat  lower  than  in  lower  speed  ma- 
chines of  the  same  frequency,  and  therefore  the  losses  per 
unit  volume  of  material  are  no  larger. 

The  total  armature  copper  losses  in  turbo-alternators, 
as  a  rule,  are  considerably  smaller  than  in  correspond- 
ing capacity  machines  of  the  moderate-  or-  low-speed 
types.  This  is  due  partly  to  the  use  of  a  smaller  total 
number  of  conductors,  and  partly  to  a  lower  current  den- 
sity in  the  armature  conductors.  In  a  narrow-core  ma- 
chine, a  considerable  portion  of  the  buried  copper  heat 
may  be  conducted  lengthwise  of  the  conductor  into  the 
end  winding,  and  there  dissipated  into  the  air.  In  the 
turbo-generator,  with  its  much  wider  core  and  greater 
distance  from  the  buried  copper  to  the  end  windings,  a 
smaller  percentage  of  the  buried  copper  heat  will  be 
conducted  into  the  end  windings. 

To  partly  compensate  for  this,  it  is  usual  to  work  the 
armature  copper  in  the  turbo-generators  at  a  lower  cur- 
rent density,  and.  therefore,  at  a  relatively  lower  total 
copper  loss.     This  is  somewhat  of  a  handicap  in  the  eco- 


•Excerpt  from  a  paper  by  B.  G.  Lamme.  read  before  the 
American  Institute  of  Electrical  Engineers,  New  York.  Jan 
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nomical  design  of  the  generator,  as  extra  space  is  thus 
required  for  the  armature  winding.  In  some  of  the  earlier 
machines,  the  armature  conductors  were  made  of  solid 
copper  bars  of  relatively  large  section,  partly  for  stiifen- 
ing  or  bracing  the  end  windings.  With  tliese  solid  con- 
ductors there  was  a  very  considerable  loss  in  the  buried 
copper,  due  to  eddy  currents.-  To  compensate  for  this, 
the  armature  conductors  were  made  very  large  in  section, 
so  that  the  current  density,  due  to  the  work  current  alone, 
was  ver}'  low  compared  with  practice  in  other  types  of 
machines.  On  account  of  the  comparatively  large  sec- 
tion of  armature  conductors,  the  conduction  of  heat  from 
the  buried  copper  to  the  end  windings  was  relatively  large. 

In  some  of  these  earlier  large  capacity  machines,  the 
nominal  current  density  in  the  armature  conductors  was 
so  low,  and  the  section  of  conductors  so  great,  that  the 
total  buried  copper  loss,  due  to  the  work  current,  could 
be  carried  from  the  buried  part  of  the  coils  into  the  end 
windings  with  a  comparatively  small  drop  in  temperature, 
so  that,  if  there  had  been  no  eddy  currents  present,  the 
buried  copper  would  have  shown  less  rise  than  the  iron. 
Any  considerable  rise  which  occurred  was  thus  chargeable 
to  eddy  currents  in  the  buried  conductors,  rather  than  to 
the  work  current.  While  such  construction  was  fairly  ef- 
fective for  the  purpose,  yet  it  was  decidedly  uneconomical 
in  design.  In  fact,  with  later  proportions  and  methods  of 
design,  the  safe  outputs  of  some  of  the  earlier  machines 
could  easily  be  50  to  75  per  cent,  greater,  largely  on  ac- 
count of  elimination  of  eddy  currents  and  improvement 
in  methods  of  dissipating  heat  from  the  end  windings. 

In  many  of  the  older  machines,  the  ventilation  of  the 
end  windings  was  not  nearly  as  effective  as  in  modern 
tj'pes,  due  principally  to  the  form  and  arrangement  of 
the  end  connectors.  Usually  air  spaces  were  allowed  be- 
tween adjacent  coils,  although,  in  some  instances,  these 
were  so  small  as  to  give  but  little  benefit.  Moreover,  in 
many  cases,  the  type  of  end  winding  employed  rendered 
these  air  spaces  between  coils  rather  ineffective,  unless  spe- 
cial means  were  taken  to  deflect  the  air  between  the  coils. 
With  later  constructions,  the  end  windings  lie  more  or 
less  across  the  path  of  the  ventilating  air,  and  there 
are  ample  openings  between  the  coils,  so  that  a  very 
considerable  part  of  the  ventilating  air  will  actually  pass 
between  the  coils  of  the  end  windings  in  such  a  way  as  to 
give  the  maximum  possible  ventilation.  When  it  is  con- 
sidered that  the  total  armature  copper  loss  may  be  only 
20  per  cent,  of  the  total  stator  loss,  it  will  be  seen  that  an 
excessive  amount  of  air  is  not  required  when  the  end 
windings  are  arranged  for  most  effective  ventilation. 

Much  effort  has  been  expended  in  eliminating  or  reduc- 
ing the  eddy  current  losses  in  the  buried  copper  of  large 
turbo-generators,  as  well  as  in  other  types  of  large  capa- 
it}'  alternators.  These  eddy  currents  are  due  to  two  sources, 
namely,  the  alternating  magnetic  flux  across  the  slots,  due 
to  the  armature  ampere  turns  per  .slot,  and  secondly,  the 
magnetic  fringing  from  the  rotor  pole  face  into  the  open 
armature  slots.  In  some  instances,  tests  have  indicated 
that  the  local  electromotive  forces  set  up  in  the  arma- 
ture conductors  by  the  flux  through  the  slot  opening  are 
much  greater  than  those  due  to  the  flux  across  the  slot. 

The  simplest  remedy  for  the  eddy  currents  set  up  by 
these  local  electromotive  forces  is  to  subdivide  the  con- 
ductors into  a  number  of  wires  or  conductors  in  parallel, 
so  arranged  or  connected  that  the  local  electromotive 
forces  oppose  and,  to  a  great  extent,  balance  each  other. 
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Lubrication  of  Gas  Engine  Cylinders 

By  A.  L.  Brennan,  Jr. 

The  fundamental  principle  of  lubrit-ation  is  to  pre- 
sent an  ever-constant  film  of  some  non-friction  element 
between  two  rubbing  surfaces  irrespective  of  their  speed 
or  the  load  they  carry.  Some  authorities  argue,  how- 
ever, that  the  cylinder  is  the  all-important  part  to  be 
considered  in  an  internal  combustion  motor  and  allow 
that  most  any  provision  will  take  care  of  the  remaining 
parts  of  the  machine.  This  supposition  is  alluring  an 
applied  to  any  machine,  especially  a  gas  engine,  consider- 
ing that  its  operation  is  dependent  upon  all  its  parts,  not 
in  decreased  ratio,  according  to  the  apparent  value  of  the 
part,  but  entirely.  To  some  this  may  appear  rather 
unusual  but  when  it  comes  to  practical  operation  the 
value  of  this  point  is  at  once  recognized.  In  regard  to 
the  cylinder  and  piston  lubrication  of  a  gas  engine  there 
are  three  important  points  to  be  considered ; 

An  oil  having  a  flash  point  of  at  least  390  deg.  F.  or 
nearer  -150  deg.  is  absolutely  neceasary  in  order  to  perform 
its  functions  at  the  high  cylinder  temperatures. 

Another  point  to  be  considered  is  the  specific  gravity 
which  although  given  little  consideration  is  important; 
for  unless  an  oil  ranges  in  specific  gravity  from  26  to  30 
deg.  Be.  it  will  not  prove  so  effective. 

The   viscosity   should   range   from    180   to   220   at   SO 

<Jeg.  r.         ■  • 

Viscosity  is  made  up  of  two  properties :  cohesion  and 
adhesion.  The  former  is  that  property  of  the  oil  that 
binds  its  particles  together.  The  greater  the  cohesion, 
the  greater  the  pressure  which  the  oil  will  resist  with- 
out losing  its  function  of  being  present  in  the  form  of  a 
film;  hence  an  oil  possessing  excessive  cohesion  proper- 
ties will  be  more  suitable  under  heavT^  loads,  for  if  the 
cohesive  property  were  low,  even  an  excessive  amount  of 
«il  might  not  prevent  the  bearing  surfaces  from  rubbing. 

Adhesion  in  an  oil  is  that  clinging  property  which 
causes  it  to  adhere  to  otlier  bodies;  that  is.  its  tendency 
to  remain  on  the  bearing  surfaces.  Therefore  an  oil  to 
be  truly  effective  must  be  not  only  cohesive  but  adhesive 
as   well.     The    same   applies    to   the   non-fluid   oils   and 

All  oils  to  be  suitable  and  effective  in  gas  engine  cyl- 
inders .should  be  by-products  of  petroleum,  that  is  some 
form  of  mineral  oil.  Animal  and  vegetable  oils  are  quite 
adai)ted  to  the  other  parts  of  a  gas  engine  where  exces- 
sive heat  is  not  encountered,  but  prove  absolutely  un- 
practical for  the  cylinder. 

It  must  be  borne  in  mind,  however,  that  all  petroleum 
oils  are  not  adapted  to  gas  engines  in  general  and  can 
not  be  adapted  to  any  one  machine  in  particular,  and 
80  it  is  found  necessary  to  select  an  oil  which  will  meet 
the  several  existing  contingencies  advantageously  in 
order  to  realize  the  highest  efficiency  from  a  motor.  Oils 
which  conform  with  the  specifications  mentioned  but 
]>os8e88  a  thin  body  are  undoubtedly  the  best.    Many 


harbor  the  erroneous  idea  that  an  oil  t»  prove  an  effi- 
cient lubricant  must  have  considerable  body,  this  is  alto- 
gether wrong  as  the  thinnest  oil  that  will  remain  in  a 
bearing  wall  invariably  give  the  best  results.  Of  course, 
under  certain  circumstances  such  as  in  the  case  of  a  warm 
bearing  or  for  hea^T  pressures  oil  possessing  considerable 
body  will  be  useful,  but  otherwise  its  function  will  be  im- 
paired by  the  frictional  resistance  offered  by  its  thick 
body. 

Cylinder  oils  adaptable  to  one  motor  are  not  neces- 
sarily suitable  for  another.  For  instance,  a  high-speed 
machine  lubricated  by  a  splash  system,  that  is,  by  the 
cranks  dipping  into  oil  contained  in  the  base, — requires 
a  light  or  medium  oil.  On  the  other  hand,  in  heavy 
duty  slow-speed  engines  dependent  upon  oil  supplied 
from  an  oiler  of  the  force  feed  type,  an  oil  of  more  body 
will  give  slightly  better  results.  BhI  the  thickest  oil  that 
will  flow  readily  in  the  grooves,  should  not  be  used ; 
instead  an  oil  that  will  distribute  readily  and  evenly 
when  it  reaches  the  surfaces  should  be  selected. 

Thin  oil  will  flow  rapidly  and  in  the  case  of  the  pis- 
ton oiling  will  provide  suitable  lubrication  for  the  piston 
rings.  Tliis  is  a  most  important  feature,  for  if  the  rings 
in  a  gas  engine  are  not  kept  free  from  carbon  and  other 
deposit*  they  will  not  move  freely  in  their  grooves,  in- 
ducing additional  pressure  on  the  cylinder  walls  with 
resultant  wear  which  eventually  leads  to  impaired  com- 
pression and  diminished  power. 

Faulty  cylinder  lubrication  is  invariably  attributable 
to  one  of  two  causes,  or  both — insufficient  lubrication  with 
good  oil  or  correct  amounts  of  poor  oil.  It  sometimes 
occurs,  however,  that  good  oil  is  used  in  too  large  a  quan- 
tity. An  excessive  amount  of  oil  either  of  a  high  or  a 
low  flash  point  will  bring  about  detrimental  effects. 
The  first  indications  in  the  case  of  using  a  poor  oil 
are  manifest  in  decreased  power  due  primarily  to  the 
friction  offered  the  surfaces  of  the  piston  and  cylinder,  sec- 
ondly to  faulty  compression  due  to  the  piston  rings  be- 
coming inoperative  and  thirdly  to  carbon  deposits,  which 
materially  reduce  the  efficiency  of  the  valves  and  im- 
pair the  function  of  the  spark  plug,  subsequently  induc- 
ing pronounced  carbon  deposits  that  become  incandes- 
cent and  cause  preignition. 

Good  oil  will  lead  to  the  same  results  if  too  miuh 
is  u.-ied ;  hence  it  is  evident  that  a  proportional  amount  of 
oil,  according  to  the  size  and  speed  of  a  motor,  is  neces- 
sary before  the  best  results  can  be  had.  A  motor  that 
requires  say  eight  drops  of  oil  per  minute  per  cylinder 
at  500  r.p.m.  will  require  more  oil  when  the  speed  is 
increased,  as  the  piston's  travel  will  cover  a  greater  area. 
This  condition  is  amply  taken  care  of  on  motors  using 
the  splash  feed  system  or  mechanically-driven  lubricat- 
ors, for  the  supply  of  oil  allowed  decreases  and  increases 
with  the  speed ;  but  unless  the  first  adjustment  is  cor- 
rect the  increased  amounts,  when  the  motor  is  speeded 
up,  will  be  proportionately  at  fault. 
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By  procuriug  tlie  best  grades  of  any  of  the  popular 
brands  of  cylinder  oils  an  operator  may  feel  confident 
as- to  the  thorough  lubrication  of  the  piston  directly  and 
indirectly.  By  "'indirectly"  reference  is  made  to  the 
wrist  pin.  This  important  yet  often  neglected  bearing 
is  in  many  instances  taken  care  of  by  a  portion  of  the 
oil  supplied  to  the  piston  surfaces.  This  oil  works  along 
the  surfaces  of  the  piston  as  far  as  the  oil  retaining  ring 
which  has  a  tendency  to  maintain  a  constant  feed  of  oil, 
but  it  at  the  same  time  directs  a  small  amount  of  oil  to 
the  grooves  leading  to  the  wrist  pin.  Here  again  the 
importance  of  employing  an  oil  of  comparatively  thin 
body  yet  of  good  viscosity  is  essential  for  the  creeping 
ability  of  a  thick  oil  might  militate  against  its  travel  to 
such  a  degree  as  to  render  it  impractical  for  this  pur- 
pose. Also  an  oil  of  low  flash  point  would  quickly  car- 
bonize in  the  high  temperatures  and  the  rings. 

Operators  have  a  tendency  to  put  up  with  an  inferior 
grade  of  cylinder  oil  rather  than  pay  the  high  prices  now 
asked  for  a  first-class  product.  This  is  a  poor  policy 
for  not  only  is  the  output  of  the  machine  reduced  but  the 
wear  and  tear  to  which  a  motor  is  subjected  when  em- 
ploying inferior  grades  of  oil  is  decidedly  on  the  nega- 
tive side  of  a  profit  and  loss  account.  Poor  lubricating 
oil  not  only  impairs  the  mixture  by  a  partial  combustion 
of  its  own  elements  but  by  not  keeping  the  wear  at  a 
minimum,  allows  lower  compression  which  in  turn  puts 
greater  demands  upon  the  ignition  current.  Consider- 
ing the  mechanical  depreciation  of  a  motor  alone  the 
slight  additional  expense  of  using  the  very  best  oils  ob- 
tainable is  to  be  recommended. 

A  good  plan  to  follow,  when  considering  the  high 
price  of  the  best  oils,  is  to  use  the  best  grade  cylinder  oil 


The  Junkers  Engine — VII 

Hv  F.  K.  .luxcE 

The  increase  in  dimensions  of  small  engines  in  direct 
ratio  to  the  growth  of  capacity  is  restricted  in  several 
ways.  Good  scavenging  and  perfect  combustion  exact  a 
ratio  of  length  of  stroke  to  cylinder  diameter  of  at  least 
1.5.  The  piston  speed  also  acts  prohibitively,  inasmuch 
as  it  depends  upon  the  inertia  pressures,  the  frictional 
resistances,  and  the  lubricating  conditions.  With  the  en- 
largement along  these  lines  limits  of  practicability  are 
soon  reached,  making  reliability  and  economy  a  serious 
problem.  The  following  power  schedule,  of  two-stroke- 
cycle,  single-acting  Die.'^el  and  Junkers  engines  in  tandem 
arrangement,  will  elucidate  the  foregoing. 

The  following  assumptions  are  made:  in  the  Diesel  en- 
gine a  ratio  of  stroke  to  diameter  of  1.5,  and  a  piston 
speed  of  16.4  ft.  per  sec.  (5  m.  per  sec) ;  in  the  Junkers 
engine  a  ratio  of  stroke  to  diameter  of  2,  and  a  piston 
speed  of  11.5  ft.  per  sec.  (3.5  m.  per  sec).  The  mean 
pressure  referred  to  the  shaft  horsepower  has  been  as- 
sumed at  71,2  lb.  per  sq.in.  (5  kg.  per  sq.cm.)  for  both 
engines.  .For  the  two-stroke-eycle  single-acting  Diesel 
engine  the  indicated  horsepower  per  cylinder  is  then  ex- 
pressed by  the  equation : 

J.hp.  =  0.107— j- 

For  the  Junkers  tandem  engine 

l.hp.  =  nAr,7~ 
4 

Frum  these  formulas  the  followin 
puted  : 
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for  the  cylinder  only  and  any  good  machine  oil  for  the 
other  parts  of  the  motor.  Of  course,  in  motors  employ- 
ing the  .splash  feed  system,  there  will  be  but  little  saved, 
as  nearly  all  the  bearing  parts  are  looked  after  by  the 
"splash,"  but  on  motors  having  force  lubricators  or  oil 
cups  for  the  cylinders  a  marked  saving  can  be  attained 
by  using  two  oils.  F5nd  out  by  experimenting  as  early 
as  possible  the  correct  amount  of  oil  necessary  to  produce 
the  best  results  and  then  keep  that  amount  constant. 

If  by  any  chance  you  are  compelled  to  employ  another 
make  or  grade  of  oil  which  may  appear  to  the  naked  eye 
to  be  similar  to  the  first,  you  should  use  the  same  pre- 
caution to  a.scertain  if  your  surmise  is  accurate,  that 
you  did  at  first,  for  the  new  oil  may  not  feed  as  fast 
which  would  result  in  under-lubrication  or  it  might 
be  even  more  subject  to  heat  than  the  first  and  feed  at  a 
greatly  increased  rate  with  the  detrimental  effects  per- 
tainiiis;  thereto. 


A  natural-gas  pipe  line,  124  miles  long  and  12  in.  in  diam- 
eter, is  now  in  course  of  construction  in  California  for  the 
Midway  Gas  Co.  The  operating  pressure  on  this  line  wiU  be 
450  lb.    per  sq.in.,   the   highest   yet   employed   for   this   purpose. 


This  tabulation  .shows  the  superiority  of  the  Junkers 
engine  in  tandem  arrangement  over  the  two-stroke-cycle, 
single-acting  Diesel  engine.  Although  the  ratio  of  stroke 
to  diameter  has  been  taken  very  large,  the  total  length  of 
the  Junkers  engine  is  less  than  that  of  a  Diesel  engine 
of  the  same  power.  Under  the  same  circumstances  the 
maximum  gas  pressure  on  the  piston  is  approximately 
three  times  less  than  that  in  the  Diesel  engine.  The 
weights  and  first  costs  are  decreased  accordingly. 

Regarding  the  development  of  the  power-transmitting 
mechanism  of  the  Junkers  engines  as  a  combination  of 
the  mechanism  of  several  single-acting  Diesel  engines, 
there  is  this  to  say:  In  a  two-cylinder  two-stroke-cycle 
vertical  Diesel  engine  (see  Fig.  37)  the  energy  is  trans- 
mitted to  two  cranks  by  two  connecting-rods.  On  the 
cvlinder  cover  the  scavenging  valves  are  fixed.  Along 
the  circumference  of  the  cylinder  walls,  ports  are  ar- 
ranged for  the  exit  of  the  burnt  gases,  together  with  the 
scavenging  air  which  expells  them.  These  slots  are  placed 
near  the  outer  dead  center  position  of  the  piston.  Three 
main  bearings  are  necessary.  WTiile  an  expansion  takes 
place  in  the  one  cylinder,  compression  is  accomplished 
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iu  the  other,  and  vice  versa.  In  the  upper  dead  center  po- 
sition the  heat  supply  or  fuel  injection  takes  place.  In 
the  outer  or  lower  dead  center  position  of  the  piston  the 
products  of  combustion  are  expelled.  For  every  revolu- 
tion two  power  strokes  are  obtained. 

Through  the  action  of  forces  in  the  cylinders  during 
both  the  working  and  compression  strokes,  a  tension  is 
created  in  the  engine  frame  of  varying  amount  for  each 
cylinder  support.  In  the  transmission  of  the  piston  force 
of  the  one  cylinder  on  the  crankshaft  during  the  expan- 
sion stroke  a  vertical  downward  reaction  is  set  up  in 
the  two  corresponding  main  bearings.  The  same  hap- 
pens in  the  force  transmission  from  the  crankshaft  to  the 
piston  of  the  other  cylinder  during  the  compression  stroke. 
The  inertia  forces  due  to  the  reciprocating  parts  augment 
these  loads.  Thus  during  every  revolution  the  three  main 
bearings  have  to  support  loads  varying  in  amount. 

The   strongly   fluctuating  load   to  which   the   founda- 


FiG.  37 


Fig.  38 


Fig.  39 


tion  is  exposed  during  every  revolution  excites  vibrations 
in  the  latter.  Special  stress  should  be  laid  on  the  large 
amount  of  energy  efflux  necessary  for  the  maintenance  of 
these  vibrations.  This  energy  is,  of  course,  lost  and  de- 
tracts from  the  effective  output. 

To  attain  favorable  dynamic  conditions  the  following 
changes  may  be  resorted  to :  Two  cylinders  may  be  set 
one  above  the  other,  and  the  transmission  of  forces  ar- 
ranged as  shown  in  Fig.  38.  Then  by  the  medium  of 
three  connecting-rods  the  mechanical  energy  is  trans- 
mitted to  three  cranks.  In  addition,  one  traverse  piece 
and  two  side  rods  are  necessary.  The  .scavenging  valves 
are  arranged  in  the  cylinder  covers,  as  in  Fig.  37,  and  tlie 
exhaust  ports  are  i)laced  along  the  circumference  of  the 
cylinder,  in  the  outer  dead  center  position.  The  expan- 
sion and  compression  strokes  take  place  simultaneously 
in  both  cylinders,  and  at  the  extreme  inside  ])osition  of 
the  pistons,  fuel  injection  takes  place,  while  the  burnt 
gases  are  expelled  in  the  outer  dead  center  position.  For 
every  revolution  there  is  one  power  stroke  as  against  two 
in  Fig.  37.  Assuming  both  types  of  engines  to  have 
equal  diameters  of  cylinders,  equal  lengths  of  stroke  and 
the  same  number  of  revolutions,  their  outputs  will  be 
equal. 


Provided  the  forces  acting  on  the  cylinder  covers  are 
llie  same  they  neutralize  each  other  completely.  The 
forces  in  the  engine  which  severely  tax  the  frame  in 
Fig.  37  are  obviated,  the  acting  forces  being  restricted  to 
the  power-transmitting  mechanism.  As  the  lower  piston 
is  connected  to  the  middle  crank  its  force  is  divided 
equally  between  the  two  main  bearings.  The  direction  of 
these  loads  is  vertically  downward  and  upward,  alter- 
nately ;  the  same  being  true  for  the  two  side  cranks.  Only 
the  forces  encountered  here  are  always  in  opposition  tc 
those  just  mentioned.  The  main  bearings  are  thus  dis- 
burdened of  any  loads  that  might  otherwise  exist.  A  small 
residual  load,  however,  is  retained.  For  this  the  obliquity 
of  the  connecting-rod  is  responsible.  In  the  arrangement 
illustrated  in  Fig.  38  the  coefficient  for  the  fluctuation  of 
speed  is  twice  as  large  as  in  the  case  of  Fig.  37.  For  the 
same  uniformity  of  twisting  moment  the  former  will  re- 
quire a  heavier  flywheel.  But  as  resulting  advantages  of 
the  second  arrangement,  the  main  bearings  are  relieved 
of  loads,  the  forces  are  balanced  iu  the  mechanism  instead 
of  the  frame,  and  the  inertia  is  balanced  in  coincident 
lines. 

Dispensing  with  the  cylinder  covers  and  replacing  the 
two  cylinders  by  a  single  one,  the  type  shown  in  Fig. 
39  is  arrived  at.  Compared  with  the  type  in  Fig.  37, 
this  third  type  possesses  the  same  advantages  as  the 
second  (Fig.  38).  In  addition,  however,  there  are  the 
following  favorable  features:  the  cylinder  covers  are  ob- 
viated and  the  engine  becomes  shorter.  The  scavenging 
valves  are  dispensed  with,  as  the  row  of  ports  in  the  cyl- 
inder wall  are  utilized  for  scavenging  purposes,  and  the 
scavenging  conditions  are  made  more  favorable.  Finally, 
the  harmful  heat  dissipating  surfaces  at  dead  center  are 
restricted  to  a  minimum.  This  third  type  corresponds  to 
the  .Junkers  engine. 


CORRESPONDENCE 


What  Causes  the  Pound? 

We  have  a  three-cylinder  80-hp.  Sheffield  oil  engine  di- 
rect connected  to  a  50-kw.  alternator.  The  fuel  is  40  deg. 
distillate,  although  gasoline  is  used  for  starting.  Ignition 
current  is  supplied  from  a  110-volt  exciter  circuit  with 
three  37-volt  lamps  in  series  and  three  groups  in  parallel 
(nine  lamps)  to  each  cylinder;  this  furnishes  a  current 
of  1-1:1/2  amp.  to  the  plug. 

A  pound  has  developed  in  one  cylinder,  occurring  at  the 
instant  of  ignition.  Advancing  or  retarding  the  spark 
makes  no  difference ;  nor  does  injecting  more  water  with 
the  fuel.  We  iiave  tried  preheating  the  fuel,  but  this 
does  no  good.  The  pound  can  be  stopped  by  using  a 
richer  mixture  whi<'h,  however,  reduces  tlie  power  of  tlie 
engine.     The  engine  docs  not  pound  on  light  loads. 

Can  anv  reader  enlighten  me  as  to  the  probable  cause 
of  the  pound  ? 

(lEOItGE  E.  AhKL, 

Xess  City,  Kan. 


To  remove  enamel  from  almost  any  metal,  according  to 
"Revue  Prodults  Chlmlquea,"  It  Is  necessary  only  to  heat  the 
enameled  object  In  .a  furnace  or  muffle  to  a  red  heat  and 
cover  the  surface  with  powdered  potassium  cyanide.  After 
cooling,  the  enamel  will  be  soluble  In   water. 
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A  Gas  Engine  Refrigerating  Plant 

Before  the  sixth  annual  meeting  of  the  American  So- 
ciety of  Refrigerating  Engineers  in  1910,  R.  H.  Tait  de- 
scribed a  refrigerating  plant  in  which  a  horizontal,  two- 
cylinder,  tandem,  double-acting,  lixSl-in.  ammonia  com- 
pressor, running  at  128  r.p.m.,  was  direct  driven  by  a 
two-cylinder,  tandem,  double-acting,  21x30-in.  gas  engine 
operating  on  producer  gas  made  from  Illinois  bituminous 
coal.  The  gas  producer  is  of  the  suctiou-updraft  type, 
about  10  ft.  2  in.  in  diameter  and  12  ft.  high,  with  56.75 
sq.ft.  of  grate  area. 

The  general  arrangement  of  the  installation  is  shown 
in  Fig.  1,  where  A  is  the  producer,  B  the  uptake  open  at 
the  bottom  to  a  water-sealed  compartment  of  the  hy- 
draulic main  D,  C  the  tower  scrubber,  containing  six 
water  sprays  -and  open. to  the  hydraulic  main  from  which 
the  water  is  continually  overflowing  through  an  18-in. 
seal.  The  water  is  supplied  through  the  tower  scrubber 
and  through  four  large  sprays  in  the  hydraulic  main 
]froper.  The  tar  extractor  E,  running  obout  1350  r.p.m., 
is  direct  connected  to  a  15-hp.  motor,  while  the  gas  blower 
F  is  connected  to  a  10-hp.  motor  and  runs  at  a  speed 
ranging  from  800  to  1600  r.p.m.  The  gas  blower  is  by- 
passed into  the  hydraulic  main,  which  is  sealed  so  as  to 
<leliver  the  required  pressure  at  the  engine.  The  gas  main 
is  a  10-in.  pipe  having  a  fall  toward  the  blower. 

The  uptake  i?  is  a  16-in.  vertical  pipe  resting  on  a  10- 
in.   pipe  open  to  the  water -.sealed  compartment   of   the 


The  tower  scrubber  with  its  six  horizontal  sprays 
partially  cleans  and  washes  the  gas  before  it  enters  the 
hydraulic  main,  which  is  a  horizontal  tank,  4  ft.  in  diam- 
eter, 20  ft.  long  and  made  of  %-in.  iron.  The  function 
of  the  hydraulic  main  is  to  reduce  the  velocity  of  the  gas, 
thereby  allowing  impurities  to  precipitate  which  are  held 
in  suspension  at  higher  velocities.  The  water  supplied  is 
sufficient  to  carry  the  greater  part  of  these  impurities  to 
the  sewer,  and  the  tar  accumulation  in  the  bottom  is 
removed  about  once  in  two  weeks. 

At  the  outset  the  producer  was  started  on  gas-house 
coke  and  the  fire  allowed  to  build  up  gradually  to  heat 
up  the  lining.  After  the  lieavy  firebrick  lining  was  hot, 
with  a  proper  depth  of  fuel  bed,  bituminous  coal  was 
fired.  It  developed  that  bituminous  coal,  with  the  same 
handling  as  coke,  clinkered  and  the  bed  became  unman- 
ageable. It  was  then  decided  to  build  up  the  fuel  bed 
with  buckwheat  anthracite,  then  gradually  introduce  the 
bituminous  coal.  Although  somewhat  more  successful, 
the  experiment  proved  a  failure  on  accoimt  of  the  ex- 
cessive expenditure  of  labor  necessary  to  keep  the  fuel  bed 
in  condition  to  make  gas. 

It  may  be  well  to  state  here  that  coke,  being  light,  re- 
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Arraxgement  of  Original  Ixstalt.atiox 


hydraulic  main,  allowing  the  deposit  of  soot  to  fall  into 
this  compartment.  This  offset  from  16  in.  to  10  in. 
provided  a  shelf  on  which  the  soot  built  up,  and  the 
opening  through  the  16-in.  pipe  was  reduced  to  the  size 
of  the  10-in.  pipe,  upon  which  it  rested.  The  horizontal 
connection  between  the  uptake  B  and  the  tower  scrubber 
C,  also  filled  up,  effectually  preventing  any  draft  through 
the  producer  and  shutting  off  the  gas  supply  to  the  en- 
gine. Upon  opening  the  uptake  the  gas  in  the  pipe  took 
fire,  the  soot  burned  out,  the  charred  mass  was  removed 
and  to  prevent  future  accumulations,  scrapers  were  in- 
serted which  could  be  used  during  operation. 


quires  frequent  poking  down  to  clo.se  the  voids  or  blow- 
holes in  the  bed.  Anthracite  coal  tends  to  pack,  offering 
a  more  uniform  resistance  to  the  draft.  This  bituminous 
coal,  immediately  after  charging,  is  easily  spread  and 
acts  similar  to  anthracite,  but  when  once  hot  it  exhibits 
a  marked  tendency  to  run  together  and  clinker  if  poked. 
Consequently  the  excessive  poking  was  eliminated  and 
the  fuel  was  spread  immediately  after  charging.  The  fuel 
bed,  however,  would  burn  through  at  the  lining,  forming 
blow-holes.  To  overcome  this  difficulty  without  resorting 
to  poking,  ash  was  allowed  to  accumulate  at  the  lining, 
forming  a  dish-shaped  ash  bed,  varying  from  3  to  6  in. 
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in  the  center  to  from  6  to  12  in.  at  the  outer  edge.  Ex- 
cessive accumulation  of  ash  was  dropped  into  the  ashpit 
by  using  short  pokers  through  the  side  poke  holes. 

It  developed  that  the  deeper  the  fuel  bed  the  more  uni- 
form the  quality  of  the  gas.  Different  depths  of  bed 
were  tried,  ranging  from  2  to  6  ft.  With  the  6-ft.  depth 
of  l>ed,  the  top  of  the  coal  in  the  center  of  the  producer 
was  above  the  bottom  edge  of  the  petticoat  and  the  cok- 
ing around  this  bottom  edge  prevented  the  proper  spread- 
ing of  the  fuel;  hence  the  bottom  edge  of  the  petticoat 
determined  the  maximum  depth  of  the  fuel  bed  as  4  ft. 
The  operation  resolved  itself  into  charging  coal  at  certain 
intervals,  depending  upon  the  load,  spreading  the  charge 
immediately  after  dumping  and  cleaning  out  the  ash 
about  every  eight  hours. 

In-sitead  of  employing  a  gas  tank  to  furnish  a  constant 
supply  of  gas  to  the  engine,  the  speed  of  the  blower  was 


tar  extractor  is  the  main  source  of  trouble,  as  a  new  rotor 
is  required  about  every  five  months. 

Originally  the  governor  on  the  engine  was  connected 
up  for  a  uniform  quality  of  gas,  varying  only  with  the 
quantity  of  mixture.  Tlie  mixture  of  air  and  gas  was  to 
be  regulated  by  hand.  The  variable  gas  quality  made  it 
necessary  to  alter  this  regulation,  so  that  now  the  gov- 
ernor varies  the  mixture.  In  addition  the  sensitiveness 
of  the  springs  in  the  governor  was  diminished  to  reduce 
the  speed  variation.  When  the  governor  rides  near  the 
top,  the  speed  of  the  engine  is  about  132  r.p.m.,  and 
when  riding  near  the  bottom,  but  still  within  its  range, 
the  speed  is  about  180  r.p.m.,  giving  an  average  of  about 
127  r.p.m.  By  means  of  a  turnbuckle  in  the  rod  from  the 
governor  arm  to  the  governor  valve  shaft,  the  speed  of 
the  engine  may  be  reduced  to  80  r.p.m.,  a  reduction  of  -17 
r.p.m.     This  reduction  in  speed  being  effected  by  wire 
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Fig.  2.  Plant  after  Gas-cleaning  Apparatus  Was  Remodeled 


varied  with  the  changes  in  the  load  and  the  gas  was  de- 
livered to  the  engine  at  a  pressure  of  about  one  inch. 

Since  this  paper  was  presented  some  changes  have  been 
made  in  the  gas-cleaning  apparatus  to  improve  operating 
conditions.  These  changes  were  enumerated  and  the  re- 
sults of  tests  on  the  plant  were  given  by  E.  W.  Gallen- 
kamp,  Jr.,  in  a  paper  read  before  the  society  at  the  De- 
cember meeting.  Fig.  2  shows  the  remodeled  plant.  The 
uptake  B  and  the  tower  scrubber  have  been  eliminated 
and  the  gas  passes  directly  into  the  hydraulic  main  D. 
The  tar  extractor  was  placed  close  to  the  hydraulic  main 
and  the  bypass  around  the  blower  is  now  used  only  in 
starting  the  engine.  The  hydraulic  main  was  cut  ofE  at 
the  bottom  one-third  of  the  way  up,  partitioned  in  the 
middle  and  the  entire  tank  water  sealed.  The  partition 
has  a  6-in.  hole  through  which  the  gas  must  pass.  A  flat 
cast-iron  ring  about  6  ft.  incidc  and  8  ft.  outside  diam- 
eter was  placed  upon  the  grate  bars  in  the  gas  producer 
to  obviate  the  formation  of  noles  in  the  fuel  bed  at  the 
sides.  Scrapers  were  inserted  in  the  connections  between 
the  producer  and  the  hydraulic  main. 

To  obtain  the  best  results  with  the  producer,  the  coal 
is  spread  immediately  after  charging  and  must  not  be 
disturbed  after  it  becomes  hot.  If  a  coke  crust  overspreads 
the  surface  of  the  bed,  preventing  a  free  passage  of  gas, 
this  crust  should  be  broken  up,  in.'fcrting  the  poker  to  not 
more  than  12  in.  below  the  top  of  the  bed.  The  aslies 
are  drawn  once  in  three  hours  and  every  two  weeks  the 
machine  is  shut  down  for  three  or  four  hours  to  clean  the 
gas-cleaning  ai)])aratus  and  'lie  igniters  on  the  engine. 

After  the  gas  leaves  the  far  extractor  it  still  carries 
tar  in  sus])cnsion.  but  is  completely  purged  of  soot.  The 
governor  valves  on  the  engine  show  a  heavy  coating  of  tar 
at  the  end  of  two  weeks,  and,  in  fact,  wlierever  the  gas 
changes  its  direction  or  velocity  tar  is  deposited.     The 


drawing  of  the  gas  increases  the  tar  deposit  and  necessi- 
tates more  frequent  cleaning  of  the  valves.  Before  the 
application  of  the  turnbuckle  on  the  governor  rod,  op- 
erators frequently  i-educed  the  speed  of  the  engine  to  30 
r.p.m.  by  throttling  at  the  main  gas  valve,  which  resulted 
in  completely  filling  the  62-in.  pipe  just  in  front  of  the 
valve  with  tar. 

Test  of  Plant 

The  manufacturer  of  the  gas  engine  and  producer 
guaranteed  under  normal  load  a  brake  horsepower-hour 
on  not  more  than  IV^  lb.  of  coal  of  the  same  grade  as  that 
used  under  the  boilers.  To  demonstrate  this,  indicator 
diagrams  were  taken  and  the  horsepower  calculated  from 
the  diagrams.  After  a  week's  run  the  engine  had  developed 
on  an  average  3181/3  i.hp.,  while  the  compressor  indicated 
horsepower  was  222.05,  representing  a  combined  mechani- 
cal efficiency  of  69.7  per  cent.  It  is  assumed  that  the 
mechanical  efficiency  is  equally  divided — that  is,  84.85 
per  cent,  for  each  machine,  making  about  170  b.hp.  for 
the  engine,  which  is  about  75  per  cent,  normal  load.  The 
results  show  an  average  consum])tion  of  only  1.54  lb.  jicr 
b.hp.-hr.  of  washed  Illinois  bituminous  coal,  averaging 
11,028  B.t.u.  per  lb. 

Starting  on  Nov.  30,  1911,  a  six-day  test  was  conducted 
to  determine  the  number  of  pounds  of  ice  per  ton  of  coal 
it -was  possible  to  produce  under  normal  operating  condi- 
tions, which  were  not  ideal  by  any  means.  Readings  were 
taken  every  three  hours  and  the  results  plotted  in  charts 
were  presented  in  the  paper. 

The  condenser  pressure  was  carried  at  ISO-lii.  gage  ;nid 
the  suction  pressure  at  17  lb.  The  temperature  of  the 
atmosphere  averaged  37  deg.  F..  the  brine  in  the  freezing 
tanks  15  deg.  and  the  water  entering  the  forecooler  53 
deg.,  where  it  was  cooled  to  about  35  deg.    Out  of  a  nor- 
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Dial  capacity  of  816  cakes,  averaging  405.8  lb.,  per  day, 
about  600  cakes  were  pulled  daily  during  the  test,  except 
on  Sunday,  when  352  cakes  were  pulled  in  half  a  day. 
The  total  amount  was  3425  cakes,  amouutiug  to  115.8 
tons  per  day  of  24  hr. 

In  the  144  hr.  of  the  test  there  were  three  stops,  one 
for  15  miu.  and  two  for  20  min.,  a  total  of  55  miu.,  leav- 
ing S5S5  miu.  of  actual  running  time.  The  total  num- 
ber of  revolutions  as  shown  by  a  recorder  was  993,076, 
or  an  average  of  115.68  r.p.m.  The  cubie-iuch  displace- 
ment per  revolution  of  the  compressor  is  13,930.96  and 
per  minute  would  be  1,495,853.45  cu.iu. 

This  means  12,918  cu.in.  displacement  per  minute  fi>r 
fi  ton  of  ice  per  day.  The  ice  tank  contains  1632  cans, 
which  makes  the  rate  of  freezing  per  cake  about  68%  hr. 
The  results  of  the  test  are  partiallv  summarized  in 
Tai)le  1. 

T.\BLE  1.     SUMMARY  OF  TEST 

DuratioQ  of  test,  hr 144 

Total  amount  of  ice  pulled,  cakes 3,425 

Av.  wt.  of  cakes,  lb 405.8 

Total  weight  of  ice  pulled,  tons 694  9 

Average  amount  of  ice  per  day,  tons 115.8 

Total  coal  consumption,  lb 62,900.0 

Total  coai  consumption,  tons 31 .45 

Av.  coal  consumption  per  day,  tons 5.24 

Total  ashes,  lb 6,650.0 

Average  ashes  per  day,  lb 1,108.4 

Ash  in  coal,  per  cent 10. 6 

Ice  per  ton  of  coal,  as  fired,  tons 22. 10 

The  power  consumed  by  auxiliaries  is  estimated  as  ac- 
curately as  possible  in  Table  2. 

TABLE  2.     POWER  CONSUMED  BY  AUXILIARIES 

Horsepower 

-tank  agitators..      21.24 


Drix-ing  tar  extractor  and  igniter  generator 17.41 

Circulating  jacket  cooling  water 3. 13 

Circulating  oil  in  lubricating  system 0 .  25 

Pumping  water  for  condenser  and  cooling  coils 9,  51 

Pumping  distilled  water 1 .  15 

Furnishing  compressed  air  for  hoisting  and  starting 5 .  75 

Total 58 .  44 

Assuming  1.81  lb.  of  coal  per  horsepower-hour,  includ- 
ing an  allowance  for  transmission  from  engine  to  motor. 
would  give  a  coal  consumption  for  auxiliaries  of 

58.44  X  1.81  =  2540  lb.  =  1.275  tons  per  day 
Including  auxiliaries,  the  total  coal  consumption  on  the 
above  assumptions  would  be  5.25  tons  plus  1.27  tons,  or 
6.52  tons  I3er  day.    The  ice  per  ton  of  coal  as  fired  would 
then  be : 

115.8  -H  6.52  =  17.8  tons 

Summer  conditions  would  call  for  more  water  on  the 


unfit  for  uf?e  in  a  cooling  tower.  Where  water  is  obtained 
under  difficulties  and  at  a  considerable  cost,  a  plant  of  this 
arrangement  would  be  prohibitive.  With  the  exception 
of  the  tar  extractor,  the  installation  has  given  good  ser- 
vice throughout  the  summer.  The  shutdowns,  as  shown 
on  the  record  for  183  days,  from  Apr.  1  to  Oct.  1,  1912, 
are  given  in  Table  3. 


SHUTDOWNS  IN  183  DAYS 
Hour: 


Due  to  tar  extractor 

Fourteen  Sundays 

Due  to  producer,  engine  ( 


Physical  Properties  of  Ammonia 

In  a  paper  read  before  the  American  Society  of  Refrig- 
erating Engineers,  Prof.  Lionel  S.  Marks  and  F.  W. 
Loomis,  of  Harvard  University,  gave  the  results  of  the 
most  important  experimental  work  published  so  far.  some 
analysis  of  those  results  on  thermodynamic  and  other 
grounds,  and  a  critical  discussion  of  the  tables  that  have 
been  prepared  by  various  authorities. 

In  conclusion  it  was  agreed  that  the  best  table  of  the 
properties  of  saturated  ammonia  is  that  given  by  Wobsa 
in  his  .second  paper.  This  table  transformed  into  Eng- 
lish units,  is  given  herewith,  but  should  not  be  confused 
with  the  earlier  table  by  the  same  authority.  The  pres- 
ent state  of  knowledge  of  the  properties  of  ammonia  is 
much  more  satisfactory  than  it  was  ten  years  ago,  and 
the  accompanying  table  may  be  used  for  ordinary  en- 
gineering calculations  with  some  confidence. 

For  greater  accuracy,  it  is  necessary  that  the  specific 
heat  of  the  litpiid  ammonia  should  be  further  investi- 
gated and  that  confirmatory  data  should  be  obtained  on 
specific  volumes  of  the  saturated  and  superheated  vapor. 
The  vapor  pressure  needs  some  further  determinations  at 
low  temperatures,  but  it  is  probably  known  with  suffi- 
cient accuracy  throughout  the  range  used  in  engineering 
practice. 

Ill  another  paper  on  the  same  subject,  William  E. 
Mosher  presented  an  interesting  discussion  on  former  ex- 
perimental data  and  proposed  several  formulas  to  express 
the  various  properties  of  ammonia.  The  values  resulting 
from  the  use  of  these  formulas  agree  closely  with  ex- 
perimental data  and  by  Mr.  Mosher  are  considered  more 


TABLE  OF  THE  PROPERTIES  OF  SATUR.\TED 


AMMONIA  VAPOR,  BASED  ON  WOBSA'S  SECOND  EQUATION  (1908). 
Latent  Heat.     B.t.u.  Entropy. 


Specific 

Pressure, 

Volume, 

Density, 

Heat  of 

Total 

Deg.  F. 

lb.  per 

cu.ft. 

lb.  per 

the   Liquid 

Heat,  B.t.u. 

Total 

Internal 

External 

Liquid 

Vapor 

Difference 

sq.m. 

per  lb. 

cu.ft. 

B.t.u. 

n. 

N. 

iV— Ji. 

—22 

16  98 

15  80 

0  06329 

—58  91 

524  9 

583.7 

534  2 

49  50 

—0    1265 

1  2090 

1.3355 

—13 

21  58 

12.60 

0  07936 

—49  32 

528.1 

577.4 

527.2 

50.18 

—0    1048 

1 . 1891 

1.2939 

27.14 

10  13 

0  09871 

—39  65 

531.0 

570  6 

S19.8 

50.78 

—0  0835 

1.1699 

1.2534 

+  5 

33  81 

8  323 

0.1201 

—29  90 

533  9 

563  7 

512  3 

51  34 

—0   0622 

1   1524 

1.2146 

14 

41  69 

6.744 

0.1483 

—20 ,  04 

536  2 

556.2 

504.4 

51.84 

—0   0414 

1 . 1351 

1.1765 

23 

50  95 

5.569 

0.1796 

—10  06 

538.6 

548  6 

496.4 

52,23 

—0 ,  0206 

1.1174 

1   1370 

32 

61.71 

4  635 

0.2157 

0 

540,7 

540.7 

488.0 

52  63 

0 

1.1011 

1.1011 

41 

74  21 

3.885 

0.2574 

10   17 

542,5 

532.5 

479  5 

52  97 

0  0205 

1.0852 

1.0647 

50 

88.55 

3  275 

0  3053 

20  45 

544  0 

523  6 

470.3 

53,22 

0  0405 

1.0690 

1.0285 

"     59 

104  90 

2.776 

0.3602 

30.83 

545.2 

514  5 

461.2 

53  39 

0  0607 

1.0.540 

0.9933 

68 

123  5 

2  366 

0.4227 

41  31 

546  3 

505.1 

451.6 

53  50 

0  0805 

1  0392 

77 

144.4 

2.027 

0  4933 

51  91 

547.0 

495.2 

441.7  . 

53,50 

0  1003 

1 . 0245 

0.9232 

86 

168.1 

1.745 

0.5730 

62  55 

547.4 

484.9 

431.4 

53.42 

0  1197 

1.0102 

0.8905 

95 

194.5 

1  509 

0  6627 

73.42 

547.7 

474,3 

421.0 

53  33 

0   1392 

0  9963 

0.8571 

104 

224.0 

1.309 

0.7640 

84.37 

547.7 

463.3 

410.2 

53.10 

0.1584 

0.9826 

0.8242 

ammonia  condenser,  as  the  temperature  of  the  water  at 
that  season  is  often  as  high  as  88  deg.  F.,  and  the  tem- 
perature of  distilled  water  to  the  forecooler  as  high  as  96 
deg.  F.  The  temperature  of  the  atmosphere  would  aver- 
age for  the  hot  months  about  79  deg. 

The  cooling  water  from  the  ammonia  condenser  is  u.sed 
in  the  gas-cleaning  apparatus  and  is  ample  for  the  pur- 
pose, but  the  tar  and  impurities  taken  up  make  the  water 


accurate  than  the  values  given  by  Wobsa,  although  the 
difference  between  the  two  sets  of  data  is  not  very  great. 
No  working  tables  of  the  properties  of  ammonia  were 
included  in  the  paper,  but  such  tables  have  been  pre- 
pared for  both  the  saturated  and  superheated  vapor  and 
they  will  appear  shortly,  together  with  a  Mollier  diagram 
for  ammonia,  in  a  bulletin  of  the  engineering  experiment 
station  of  the  University  of  Illinois. 
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Surface  Condensation 

It  is  always  a  bit  ditticult  to  grasp  the  significance  of 
any  discussion  relating  to  molecules.  We  cannot  see  nor 
feel  a  single  molecule  and,  if  we  hadn't  more  faith  than 
the  farmer  at  the  circus  who  would  not  believe  there  was 
such  an  animal  even  when  he  saw  the  giralfe,  we  would 
refuse  to  believe  that  anything  so  small  as  a  molecule 
can  exist.  To  comprehend  the  actions  of  these  infinitesimal 
particles  it  is  helpful  to  cou.sider  them  magnified  to  the 
size  of  some  familiar  object  as  a  billiard  hall  or  a  ball 
of  putty,  as  Professor  Munro  has  done  in  his  analogy  for 
initial  condensation  on  page  128. 

For  simplicity's  sake  he  has  taken  other  license  with 
the  molecules  than  simply  to  enlarge  them,  giving  them 
difference  of  hardness,  whereas  we  have  been  taught  to  be- 
lieve that  the  simon  pure  molecule  is  unyielding  and  in- 
compressible. He  has  also  overlooked  the  fact  that  when 
the  steam  molecules  become  billiard-ball  size  the  iron 
molecules  of  the  cylinder  walls  do  also  and  the  surface 
iinjjinged  against  is  not  smooth  and  continuous. 

Instead  of  impact  and  rebound  of  the  steam  molecules 
taking  place,  it  is  supposed  in  reality  that  these  molecules 
have  a  planetary  motion  around  the  molecules  nearest  the 
surface  of  the  iron  and  then  return  on  their  course,  or  re- 
main in  the  same  neighborhood  with  the  iron  molecules. 
The  latter  is  the  phenomenon  of  initial  condensation.  The 
steam  molecules  lose  sufficient  velocity  (or  heat)  to  the 
cooler  and  much  less  active  iron  molecules  in  raising  the 
velocity  (or  heat)  of  the  latter  for  the  steam  to  condense 
to  water. 

Although  the  hypercritical  may  discover  these  weak 
spots  in  Professor  Munro's  analogy,  we  believe  he  was 
justified  in  taking  the  liberties  he  did  and  rather  like  his 
simple  explanation  of  initial  condensation. 

What  Is  a  Horsepower? 

A  horsepower  equals  33,000  foot-pounds  per  minute,  or 
530  foot-pounds  per  second. 

What  is  a  foot-pound  ? 

The  amount  of  energy  necessary  to  overcome  a  pound 
of  resistance  through  a  foot  of  space,  as  when  a  pound 
weight  is  lifted  one  foot,  or  a  pressure  of  one  pound  is  ex- 
erted upon  a  body  (as,  for  instance,  a  piston)  to  move  it 
through  one  foot. 

What  is  a  foot? 

By  an  Act  of  Congress,  July  28,  1S6G,  the  meter,  which 
contrary  to  the  general  impression,  is  the  fundamental 
standard  of  length  in  the  United  States,  was  declared  to 
he  equivalent  to  39.37  in.  The  legal  foot  in  the  United 
States  is  therefore  0.304801  of  a  meter.  The  interna- 
lional  meter  is  the  length  of  a  bar  of  ])latinum  and  irid- 
ium preserved  at  the  International  Bureau  of  Weights 
and  Measures  near  Paris.  The  United  States  owns  two 
duplicates  of  this  bar. 

There  is.  therefore,  a  standard  fixed  value  for  the  fool, 
80  far  as  the  United  States  is  concerned. 


What  is  a  pound? 

The  pound  is  defined  in  terms  of  the  kilogram  as  the 
foot  is  defined  in  terms  of  the  meter.  For  purposes  of 
discussion  we  may  consider  that  there  is  at  Washington 
a  standard  piece  of  metal,  the  weight  of  which  is  one 
pound. 

What  do  we  mean  by  weight  ?    Ah,  there's  the  rub. 

Weight  is  the  measure  of  the  force  of  gravitj'  upon  a 
body.  If  this  standard  pound  weight  is  put  into  one  of 
the  pans  of  a  pair  of  balances  and  enough  of  some  other 
material  is  put  into  the  other  pan  to  balance  it,  the 
amount  of  matter  so  measured  is  a  pound,  because  the 
earth  pulls  upon  it  with  the  same  force  that  it  does  upon 
the  standard  pound  weight. 

But  the  pull  of  the  earth,  the  attraction  of  gravitation, 
is  different  at  different  parts  of  the  earth.  At  the  equator 
it  is  partly  neutralized  by  the  centrifugal  force,  due  to 
the  earth's  rotation  upon  its  axis,  and  the  greater  distance 
from  the  earth's  center  of  gravity.  The  same  thing  ap- 
plies to  elevation  above  the  sea  level,  so  that  the  force 
with  which  the  earth  attracts  this  pound  weight  varies 
with  latitude  and  elevation. 

If  the  scale  with  the  standard  pound  weight  in  one  pan 
and  the  mass  of  some  other  material  which  will  balance 
it  is  taken  to  the  poles  or  to  the  equator  it  will  still  bal- 
ance, because  the  lesser  or  greater  force  exerted  by  the 
earth  will  be  exerted  upon  the  two  bodies  alike.  Deter- 
mined in  this  way  "a  pound  is  a  pound  the  world  around," 
a  mass  equal  to  that  of  the  standard  pound  weight. 

Suppose,  however,  the  standard  pound  weight  to  be 
hung  upon  a  spring  scale  at  the  latitude  of  Paris,  and  a 
mark  to  be  made  opposite  the  pointer  indicating  one 
pound.  If  this  spring  scale,  so  weighted,  be  taken  to  the 
equator  the  pointer  will  stand  above  the  mark  which  was 
made  at  Paris,  on  account  of  the  lesser  attraction  of  the 
earth  upon  the  weight,  and  it  would  take  a  greater  amount 
of  matter  to  indicate  a  pound  upon  this  kind  of  a  scale 
at  the  equator  than  further  north,  if  the  matter  upon 
which  the  earth  will  exert  the  force  necessary  to  stretch 
the  spring  until  the  pointer  reaches  the  mark  made  in 
Paris  1)0  accejited  as  the  pound. 

Take  a  mass  of  55  pounds.  It  would  balance  55  of  the 
standard  weights  anywhere  in  the  world,  but  it  would 
take  a  greater  force  to  lift  it  at  Berlin  or  London  than 
it  would  at  Havana  or  Xew  Orleans.  If  it  is  lifted  ten 
feet  in  a  second,  work  is  done  at  the  rate  of  one  horse- 
power according  to  the  above  definition,  but  there  has 
not  been  so  much  energy  used  at  the  southern  as  at  the 
northern  latitudes. 

Is  the  horsepower  then  an  indefinite  variable  quantity, 
varying  with  latitude  and  elevation? 

The  IT.  S.  Bureau  of  Standards  says  that  it  is,  and 
recommends  that  it  be  given  stability  by  being  considered 
as  equivalent  to  71fi  watts,  which  would  he  ■'i.'iO  foot- 
))()Uiids  per  .second  at  about  the  latitude  of  LonddU  and 
sea  level. 

It   is  an   absolute  unit  only  if  there  is  as  al)solute  a 
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definition  of  the  pound  as  there  is  of  the  foot;  and  if 
the  pound  is  a  measure  of  force  as  well  as  of  mass. 

There  is  such  an  absolute  definition  in  common  use. 
It  is  the  force  with  which  gravity  attracts  the  standard 
pound  weight  at  45  degrees  latitude  and  at  sea  level,  the 
force  which  acting  constantly  will  accelerate  that  pound 
of  mass  at  the  rate  of  .32.174  feet  per  second. 

Havmg  thus  an  absolute  unit  of  force  and  of  spa<>e 
the  absolute  value  of  the  foot-pound  is  fixed,  and  550  of 
these  foot-pounds  per  second  is  just  as  absolute  a  value  for 
a  unit  of  power  as  the  watt. 

The  values  of  the  horsepower  and  the  watt  are  thus 
absolutely  iked  and  the  horsepower  is  equal  to  745.7 
watt«.  The  only  way  to  make  it  equivalent  to  746  watts 
without  changing  the  value  of  the  watt  is  to  change  the 
value  of  the  horsepower.  This  involves  either  using 
550.22+  foot-pounds  per  second,  33,013.2+  foot-pounds 
per  minute  as  the  horsepower  or  changing  the  accepted 
value  of  the  pound.  Xobody  would  countenance  the 
changing  of  the  horsepower  to  this  inconvenient  and  in- 
complete number  of  foot-pounds,  and  the  changing  of 
the  value  of  the  pound  is  too  serious  a  matter  to  consider 
for  the  purpose  simply  of  being  able  to  express  horsepowers 
in  even  figures  in  terms  of  watts. 

Unless  this  is  done  the  best  we  can  do  is  to  recognize 
that  a  horsepower  is  745.7  watts  and  use  the  746  as  the 
nearest  round  number  as  we  do  778  as  the  mechanical 
equivalent  of  the  heat  unit  in  calculations  which  do  not 
involve  the  greater  degree  of  accuracy.  This  is  the  value 
given  in  the  conversion  table  accompanying  the  Marks- 
Davis  steam  tables,  and  that  arrived  at  in  Mr.  Kent's 
consideration  of  the  subject  on  page  109  of  this  issue. 

The  Commercial  Engineer 

Representatives  of  water,  electric-light  and  other  piib- 
lic-serviee  corporations,  in  defense  of  their  rates  invariably 
put  stress  upon  the  fact  that  it  is  service  they  are  sell- 
ing. They  must  maintain  a  great  organization  of  skilled 
specialists  and  a  great  aggregation  of  plant  and  apparatus 
so  that  when  one  turns  the  cock  water  will  come,  or  when 
one  wishes  light  that  there  shall  be  light. 

Carrying  the  thought  a  little  further,  when  a  man 
sells  an  engine  he  does  not  sell  merely  so  much  steel 
and  cast  iron;  nor  merely  the  combination  of  those  ma- 
terials with  the  work  of  the  foundryman  and  the  ma- 
chinist, who  have  fashioned  and  fitted  it.  If  the  salesman 
is  a  commercial  engineer  in  the  highest  significance  of 
the  term  he  sells  a  solution  of  his  customer's  trouble  and 
a  fulfillment  of  the  needs  and  purposes  in  his  particular 
line.  He  is  able  to  do  this  because  he  is  a  specialist  in 
that  line.  He  knows  what  is  available ;  what  its  capacity, 
capabilities  and  limitations  are,  and  if  he  is  disinterested 
and  knows  the  engineering  end  of  his  line  as  well  as  he 
does  his  discount  list  and  the  commission  rates,  he  is  the 
best  adviser  that  an  intending  purchaser  can  possibly  have. 

But  when  one  holds  a  brief  for  a  particular  line,  and 
when  one's  income  depends  on  the  amount  of  his  current 
sales,  it  is  not  easy  to  be  disinterested. 

Here  is  a  textile  concern,  say  a  carpet  mill,  that  can 
use  up  all  the  exhaust  steam  it  can  make.  The  manager 
writes  to  a  builder  of  condensers  that  he  is  in  the  market 
for  a  large  order.  Will  that  condenser  salesman  go  there 
and  tell  that  man  that  he  has  no  need  for  a  condenser, 
or  will  he  try  to  close  him  for  the  biggest  order  that  he 


can  land?    Will  he  approach  tliat  jol)  as  an  engineer  or 
as  a  condenser  salesman  ? 

Is  his  success  measured  by  the  soundness  of  the  engi- 
neering advice  that  he  gives  (for  nothing  when  it  does 
not  lead  to  business)  or  by  the  dollar's  worth  of  orders 
that  he  sends  in? 

The  concern  which  adopts  the  altruistic  attitude  will  ac- 
quire a  great  standing  in  the  course  of  time.  If  the  car- 
pet maker  ever  did  need  a  condenser  or  had  anything  to 
say  about  the  buying  of  one  there  is  only  one  place  to 
which  he  would  naturally  look  and  one  man  to  whom  he 
would  first  turn  for  advice;  but  how  far,  from  a  busi- 
ness and  commercial  point  of  view,  can  a  concern  go  in 
the  direction  of  maintaining  a  corps  of  specially  trained 
men  to  travel  at  its  expense  and  advise  people  not  to  buy 
its  goods? 

There  is  no  doubt  that  the  manufacturer  is  often  im- 
posed upon  with  respect  to  engineering  service  and  ad- 
vice. Recently  bids  were  invited  for  an  installation  in 
which  each  bidder  was  required  to  submit  plans  and 
specifications  of  his  outfit,  and  when  they  were  all  in,  the 
consulting  engineer  of  the  purchaser  simply  made  up  from 
the  symposium  an  excellent  layout  embodying  the  best  I 

suggestions  of  all  the  contestants  and  had  it  built  him-  ' 

self. 

But  if  the  selling  representative  is  to  be  simply  a  sales- 
man, why  the  term  "commercial  engineer?" 

The  title  is  suggestive  of  an  intelligent  effort  to  apply 
real  engineering  to  the  disposition  and  application  of 
engineering  devices  and  appliances,  and  to  remove  from 
commercialism,  as  applied  to  engineers,  some  of  the  op- 
probriousness  which  has  resulted  from  abuses  committed 
in  its  name. 

It  is  for  those  who  have  adopted  the  title  commercial 
engineer  to  emphasize  the  newer  and  better  meaning  of 
the  term;  to  demonstrate  that  in  the  selling  of  engineer- 
ing apparatus  and  materials,  real  engineering  knowledge 
of  the  merits,  capabilities,  yes,  and  limitations  of  one's 
wares  and  ability  to  meet  the  engineer  users  of  those  wares 
upon  a  common  plane  of  mutual  engineering  interest  are 
worth  more  than  lung  power  or  eloquence. 

These  Lawyers ! 

For  real  comedy  what  can  equal  the  outcome  when  a 
smart  lawyer  tries  to  heckle  the  expert  witness  and  gets 
the  worst  of  it — as  usual?  Up  in  New  England  a  few 
days  ago,  as  related  in  the  letter  on  page  128  entitled 
"Engineers'  License  Law  Violation,"  the  defendants' 
lawyer  could  not  understand  why  a  first-class  licensed  en- 
gineer should  be  worth  forty  dollars  a  week.  To  him  an 
engineer  is  a  part  of  the  great  dinner  pail  and  overall 
fraternity;  he  does  not  sense  it  that  knowledge  and  judg- 
ment are  as  essential  to  the  successful  handling  of  a 
power  plant  as  to  anything  with  which  he  has  to  do. 
Xor  could  he  appreciate  why  one  plant  may  require  a 
higher  salaried  man  than  any  other.  It  is  the  old,  old 
story  of  the  futility  of  trying  to  make  the  legally-trained 
mind  grasp  the  most  elementary  principles  of  other  pro- 
fessions. This  is  no  reflection  on  lawyers  as  a  class,  for 
they  should  not  be  and  are  not  expected  to  know  every- 
thing about  all  vocations.  The  pity  of  it  is  that  they  feel 
that  their  success  depends  on  their  assuming  the  all-wise 
air;  otherwise  they  would  save  themselves  many  em- 
barrassing predicaments. 
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Operating  Costs  of  Hydraulic  vs.  Elec- 
tric Elevators 

It  is  not  often  that  the  operating  engineer  has  an  op- 
portunity to  determine  or  get  acquainted  with  the  cost 
(jf  oj^erating  an  electric  and  a  hydraulic  elevator  for  the 
same  building  and  kind  of  work.  I  was  fortunate  enough 
at  one  time  to  operate  a  plant  where  electric  elevators 
were  substituted  for  the  hydraulic  ones  then  in  service. 
This  plant  consisted  of  five  72-in.  horizontal  return- 
tubular  boilers  and  twelve  electro-magnet-control  hy- 
draulic elevators,  running  150  ft.  per  min.  The  building 
was  a  12-story  office  structure.  This  plant  supplied  steam 
and  hydraulic  power  to  three  office  buildings  of  this  kind. 

The  pressure  tank  was  badly  pitted  and  later  con- 
demned by  the  inspector.  I  recommended  the  purchase 
of  a  new  pressure  tank,  as  this  was  the  only  part  of  the 
Kjuipment  that  was  crippled.  Other  influence  was  brought 
to  bear,  however,  and  the  management  decided  to  take 
out  the  hydraulic  elevators  and  install  electric  machines. 
This  called  for  an  expenditure  of  over  $13,000. 

These  buildings  were  using  central-station  current  when 
the  hydraulic  elevators  were  in  service.  The  exhaust 
steam  from  the  elevator  pumps  was  sufficient  to  heat  the 
building,  giving  a  back  pressure  of  nearly  2  lb.  in  the 
coldest  weather.    Live  steam  was  very  seldom  used. 

I  kept  records  of  the  coal  consumption  for  one  year 
and  compared  those  covering  the  same  summer  months, 
while  the  hydraulic  elevators  were  used,  to  those  covering 
the  same  months  when  the  electric  elevators  were  in  ser- 
vice. I  found  that  the  coal  consumption  had  decreased 
24  tons  per  month  over  the  year  previous,  with  other 
conditions  practically  the  same.  It  must  be  remembered 
that  no  steam  was  being  used  for  heating  purposes  dur- 
ing these  months  and  that  the  decreased  coal  consump- 
tion of  24  tons  represents  quite  accurately  the  saving 
made  by  the  electric  elevators.  But  as  soon  as  the 
buildings  had  to  be  heated,  instead  of  using  exhaust 
steam  as  in  the  year  previous,  it  was  necessary  to  use 
live  steam  at  about  2-lb.  pressure,  through  a  reducing 
valve. 

Records  of  the  coal  consum])ti()n  for  the  winter  months 
show  that  20  tons  more  per  month  were  required  when  the 
electric  elevators  were  used  over  that  necessary  when  the 
hydraulic  elevators  were  in  service.  This  average  increase 
of  20  tons  per  nujiith  continued  year  after  year.  It  must 
be  remembered  that  the  cost  of  the  current  for  the  elec- 
tric elevators  must  still  be  added  to  the  coal  bill,  because 
during  previous  years  this  coal  consumption  was  that  in- 
curred by  running  the  elevators  and  furnishing  the  build- 
ings witii  heat,  whereas  with  the  electric  elevator  the  coal 
consumption  increased  and  still  the  cost  of  the  current 
had  to  be  added  to  the  coal  bill.  I  have  records  of  the 
kilowatt-hour  consumption,  but  as  the  reading  includes 
lighting  and  motor  current,  all  on  the  same  meter,  the 
current  u.sed  by  the  elevators  could  not  accurately  be 
estimated. 


Had  it  not  been  that  the  space  formerly  occupied  by 
the  hydraulic  elevators  had  been  rented  there  would  have 
been  a  considerable  loss,  due  to  the  change  in  elevator 
service. 

On  the  whole,  electric  elevators  are  to  be  preferred  over 
hydraulic  ones,  because  there  are  very  few  accidents  that 
can  be  traced  to  this  type  of  machine.  They  are  quickly 
stopped  and  started,  and  never  safer  than  when  stopped, 
for  when  the  lever  is  central  or  the  main  switch  is  pulled, 
the  brake  spring  grips  the  brake  and  will  not  allow  any 
movement  of  the  car.  This  is  entirely  different  with  the 
hydraulic  types,  as  they  are  never  more  unsafe  than  when 
they  are  stopped;  one  cannot  tell  at  what  instant  they 
will  start  to  creep  up  or  down  when  the  lever  is  central. 
This  is  due  to  leakage  of  the  pilot  valve  or  the  cup  leathers 
in  the  main  valve,  which  allows  water  under  pressure  to 
be  admitted  to  the  plunger  cylinder  and  thereby  start 
the  car.  Numerous  accidents  have  been  caused  by  this 
creeping,  as  operators  frequently  leave  the  car,  and  when 
they  return  after  a  few  minutes'  absence  they  find  it 
creeping  up  and  try  to  get  aboard  it,  and  in  so  doinj; 
are  caught  between  the  car  and  the  floor. 

Pilot  valves  often  become  plugged  in  the  ports  wit'l 
packing  fiber,  and  this  trouble  makes  it  impossible  to 
hold  the  car  in  one  position  for  more  than  a  minute  or 
so.  If  the  pilot  and  main  valves  are  in  perfect  condition 
the  car  will  stand  for  any  length  of  time  if  the  lever  is 
central;  but  on  account  of  the  continual  wear  they  aro 
subject  to,  it  is  seldom  that  one  finds  these  valves  to  be 
perfectly  tight. 

There  are  a  number  of  electiic  elevators  in  this  city, 
but  I  cannot  recall  one  accident  to  them  or  to  their  op- 
erators. It  would  be  interesting  to  read  statistical  reports 
of  accidents  to  hydraulic  and  electric  elevators  respec- 
tively. 

A.  C.  Waldron. 

Revere,  Mass. 

Low  Pressure  Turbine  Experience 

Several  years  ago  while  in  charge  of  a  power  house  in 
southern  Maryland,  1  had  a  peculiar  experience  with  a 
'iSO-kw.  low-pressure  turbine.  The  turbine  was  set  to  run 
at  7-11).  pressure,  but  had  a  connection  for  high  pressure 
(150  lb.),  which  would  open  autonuitically  in  case  of  a 
shortage  of  low-pressure  steam.  We  had  considerable 
trouble  with  the  turbine  because  it  took  high-pressure 
steam  at  all  times,  and  carried  small  loads  as  well  as 
heavy  ones.  This  waste  of  steam  made  much  difference 
in  tlie  coal  bills  and  it  became  necessary  to  renunly  1lu> 
trouble,  due  to  this  increasing  expense. 

The  turbine  received  its  low-pressure  steam  from  three 
engines  exhausting  into  a  receiver  and  these  through  a 
separator  into  the  turbine.  This  separator  was  of  the 
vertical  type  about  7  ft.  high  and  3  ft.  in  diameter,  and 
as  there  was  not  room  to  spare,  it  was  set  down  under  the 
floor  and  extended  into  the  ground.    We  took  the  turbine 
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apart  and  found  all  the  blade.s  in  good  condition,  except 
that  they  were  covered  by  a  thiu  coating  of  magnesia,  and 
it  was  thought  that  this  may  have  made  some  dift'ereuce 
in  the  steam  consumption,  but  after  running  the  turbine 
a  few  weeks  we  again  experienced  the  same  trouble. 

Several  weeks  later  a  copper  expansion  joint  between 
the  separator  and  the  turbine  sprung  a  leak  and  as  we  had 
to  tear  the  concrete  floor  up  to  get  at  it,  I  decided  to  ex- 
amine the  separator.  After  removing  the  top  plate,  we 
foimd  that  it  contained  a  large  screen  made  of  sheet  steel 
punched  full  of  holes,  and  over  each  hole  there  was  a 
piece  of  steel  that  acted  as  a  shield.  These  holes  were 
completely  stopped  up  with  what  we  took  to  be  soft  pack- 
ing that  had  worked  through  from  the  engines.  After 
thoroughly  cleaning  this  out.  which  took  about  two  days, 
we  put  the  separator  together  again.  We  also  lost  no 
time  in  putting  brass  rings  in  back  of  each  piston-rod 
stuffing-box  to  keep  the  packing  where  it  belongs.  This 
undoubtedly  prevented  the  packing  from  being  drawn  into 
the  separator  as  no  trouble  from  plugged  screens  was 
again  experienced,  and  the  coal  consumption  immediately 
decreased. 

Paul  B.  Prutzman. 

North  Wales,  Penn. 

Engineers'  License  Law  Violation 

There  was  a  case  in  court  in  this  district  for  violation 
of  the  engineers'  license  law.  The  defendants  were  repre- 
sented by  a  lawyer,  while  the  state  inspector  conducted 
the  case  for  the  Commonwealth. 

It  came  out  at  the  trial  that  the  defendants  were  operat- 
ing a  first-class  plant  with  a  special  license,  which  was 
issued  for  the  operation  of  the  old  engine.  In  the  mean- 
time they  had  installed  a  steam  turbine  having  a  steam 
inlet  of  such  size  that  the  law  called  for  an  operator  with 
a  first-class  engineers'  license. 

They  claimed  that  they  could  not  find  a  first-class  man ; 
that  they  had  advertised  in  all  the  local  papers  without 
results.  At  this  stage  of  the  procedure  the  inspector  said 
that  he  could  and  would  furnish  the  defendants  with  a 
first-class  engineer  capable  of  taking  charge  of  their  plant. 

After  a  whispered  conference  between  defendants  and 
lawyer,  the  lawyer  asked: 

"How  much  a  week  would  siich  a  man  expect?" 

Inspector :    "About  forty  dollars." 

Lawyer:  "Now,  Mr.  Inspector,  don't  you  consider  $40 
per  week  pretty  steep  for  an  engineer?" 

Inspector :  "No  I  don't.  Do  you  consider  yourself 
worth  that  amount  per  week?" 

Lawyer:  "Yes,  but  what  has  that  got  to  do  with  this 
case  ?" 

Inspector:  "Only  this,  a  man  who  gets  a  first-class 
engineers'  license  in  this  state  has  to  study  longer,  and,  in 
fact,  know  more  than  you  do." 

Lawyer:  "Are  you  in  the  business  of  furnishing  first- 
class  engineers?" 

Inspector :     "No." 

Lawyer:  "Have  you  ever  furnished  a  first-class  engi- 
neer to  any  firm  in  this  locality?" 

Inspector:  "Yes,  one.  This  firm's  superintendent 
claimed  he  could  not  get  such  a  man,  and  I  found  one  for 
him  at  his  request." 

Lawyer :    "How  much  did  this  man  get  per  week  ?" 

Inspector:     "Thirty  dollars." 


Lawyer :  "Then  why  do  you  say  that  my  clients  would 
have  to  pay  $40  per  week  ?" 

Inspector:  "Because  of  the  difference  in  tlie  operation 
of  the  plants." 

Lawyer:  "Would  you  mind  explaining  what  the  ditfer- 
ence  is?" 

Inspector:  "No,  I  would  not  mind,  but  what  is  the  use, 
you  would  not  imderstand  if  I  did." 

John  Armstboxg. 

Adams,  Mass. 

How  Should  New  Valve  Stems  Be  Put? 

In  the  near  future  I  must  put  in  a  new  set  of  valve 
stems  in  our  Corliss  engine.  As  I  have  never  before  put 
in  a  set  of  valve  stems  I  would  like  to  receive  full 
directions  for  doing  this  work  from  some  reader  who 
has  had  such  experience.  Will  it  be  necessary  to  so 
disturb  the  adjustments  to  the  valve  gear  as  to  require 
the  valves  to  be  reset  after  the  new  stems  have  been 
put  in?  Keyways  must  be  cut  in  these  new  stems  be- 
fore they  are  put  in. 

H.  W.  Lee. 

Lynchburg,  Ya. 

[Ordinarily  all  that  .should  be  necessary  is  to  cut  the 
keyseats  in  the  new  valve  stems  in  the  same  place  that 
they  are  located  in  the  old  stems.  The  new  stems  could 
then  be  put  in  without  disturbing  the  adjustment  of  the 
valve  gear. 

Perhaps  some  reader  will  comment. — Editor.] 

Analogy  for  Initial  Condensation 

It  is  well  known  that  one  of  the  principal  sources  of 
loss  in  a  steam  engine  is  that  due  to  initial  condensation, 
or  heat  lost  from  the  steam  as  it  condenses  on  the  com- 
paratively cool  cylinder  walls  on  entering  the  engine. 
This  loss  or  heat  interchange  between  the  steam  and  the 
cylinder  can  be  greatly  reduced  by  using  superheated 
steam  and  to  understand  why  this  should  be  so,  perhaps 
the  following  rather  crude  illustration  will  prove  of  as- 
sistance. 

Imagine  yourself  equipped  with  a  thousand  ivory  bil- 
liard balls  at  100  deg.  F.,  which  you  throw  against  a 
piece  of  armor  plate  at  60  deg.  F.  The  jjerfectly  elastic 
balls  bound  away  so  quickly  that  they  give  little  of  their 
heat  to  the  plate,  which  remains  nearly  stationary  in  tem- 
perature. Now  change  a  half  of  the  balls  for  soft  putty 
balls  of  the  same  size  and  temperature.  Instantly  a  putty 
ball  hits  the  iron  it  flattens  out  and  sticks,  giving  up  all 
its  available  heat  to  the  iron  surface. 

The  ivory  balls  represent  molecules  of  superheated 
steam  in  such  a  stable  condition  that  they  are  able  to 
withstand  impact  against  a  colder  surface  without  losing 
their  shape  or  elasticity.  The  putty  balls,  on  the  other 
hand,  correspond  to  steam  molecules,  which  collapse  or 
condense,  on  striking  the  iron  to  which  they  give  their 
heat  on  condensation. 

G.  W.  MuNRo. 

LaFavette,  Ind. 


The  22,000-b.hp.  Zoelly  turbine,  which  is  being  built  tor 
the  Manchester  (England)  Corporation  power  station,  will 
have  only  14  stages  as  compared  with  20  stages  in  the  pre- 
vious  6000-kw.  sets. 
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Piston  Rod  Area  in  Horsepower 
Calculations 

In  the  reply  to  J.  >> .,  in  the  Nov.  Vi  issue  (Inquiries 
of  General  Interest),  relative  to  neglecting  the  area  of 
tlie  piston  rod  in  calculating  the  horsepower  of  an  en- 
gine, I  note  that  you 'say  that  "for  all  practical  purposes 
it  may  be  neglected,  but  to  be  accurate  it  should  always 
be  considered." 

Your  reply  recalls  the  method  used  by  one  firm  in  cal- 
culating the  horsepower  from  the  diagrams.  It  consists 
simply  of  subtracting  one-half  the  area  of  the  piston  rod 
from  the  area  of  the  piston.  It  will  be  seen  that  as  on  one 
side  of  the  piston  we  have  no  piston  rod  and  on  the  other 
we  have  the  piston-rod  area,  this  process  balances  the  areas. 

To  take  an  example  from  practice:  In  a  certain  marine 
engine  the  high-pressure  cylinder  diameter  is  31  in., 
stroke  5  ft.  6  in.  and  the  diameter  of  the  piston  rod  614 
in.  On  one  run  the  mean  effective  pressure,  as  sliown 
by  the  indicator  diagrams,  was  51.6  lb.  and  the  revolu- 
tions per  minute  50.  Now  neglecting  the  area  of  the  pis- 
ton rod  we  have 

Area  of  cylinder  =  751.77  sq.in. 

Cylinder  constant  equals 

2  LA   ^  2  X  5.5  X  754.77  _  ^^  .,      . 
33,000  33,000  --o   i 

iJip.  =  (51.6  X  0.2516)  X  50  =  619.1 
Again  considering  the  area  of  the  piston   rod  we  have, 
area  of  cylinder  —  V2  ^rea  of  piston  rod  is 
751.77  —  15.33  =  739.1  .sq.in. 
Cylinder  constant 

2X5.5X739.4       „,,,.. 
33,000 
i.hp.  =   (51.6  X  0.2465)   X  50  =  636  i.hp. 
This  shows  that  an  error  of  2.06  per  cent,  too  much  is 
made  when  the  area  of  the  rod  is  not  deducted  from  the 
area  of  the  crank  side  of  the  pi.ston.     This  result,  how- 
ever, is  only  0.7  per  cent,  lower  than  that  given  in  your 
answer  to  J.  N. 

J.  H.  George  Moinasox. 
Glasgow,  Scotland. 

Improvement  to  Old  Stvle   Siphon 
Condenser 

Relative  to  the  article  headed  "Common  Troubles  of 
Siphon  Condensers,"  page  615  of  the  Oct.  22  issue,  the 
following  description  of  an  improvement  that  greatly 
facilitates  cleaning  the  condenser  cone  during  the  op- 
eration of  the   condenser  may  be  of  interest. 

The  bra.S8  cone  was  removed  from  the  condenser  head 
and  cut  in  the  middle.  The  upper  half  .1.  was  turned 
down  in  a  lathe  and  a  cut  taken  off  the  inside  at  the  top 
of  B.  This  allowed  B  to  freely  slip  over  the  outside  of  .4. 
A  cast-steel  spider  was  made  to  fit  the  bottom  of  B  and 
was  held  by  screws.  A  ^4-'"-  -"t^^'  rod  was  passed  tiirougb 


the  center  of  the  spider  in  .1,  as  shown.  By  drilling  a 
hole  in  the  elbow  C,  and  fitting  a  stuffing-box  where  the 
eye-bolt  was  located,  the  lower  half  of  the  cone  could 
be  raised  while  the  pump  was  running  and  all  obstruc- 
tions washed  down  into  the  water-leg. 

A  lever  D  forked  to  take  in  the  %-in.  rod,  that  had 
collars   above   and   below   the  fork,   served   to   raise   and 


Siphon  Coxdexser  Cone  Kemodeled  to  Facilitate 
Quick  Cleaning 

lower  B,  and  a  piece  of  pipe  E  on  the  other  end  of  the 
lever  enabled  one  to  work  the  lever  from  the  floor. 

This  arrangement  has  worked  for  about  a  year  without 
causing  any  trouble.  The  saving  in  labor  and  gaskets  is 
well  worth  the  trouble  of  altering  the  condenser  to  make 
the  improvement. 

E.   B.   TiFFT. 

Windsor  Locks,  Conn. 

Removal    of  Scale  from  Turbines 

In  reply  to  Mr.  Wood,  who  requested  information  in  the 
Dec.  31  issue  as  to  particulars  of  our  way  of  removing 
scale  from  a  turbine,  I  would  a<1vise  as  follows: 

At  the  present  time  we  are  operating  65,000  kw.  in 
units  as  follows:  Three  8000-kw.,  one  12,000-kw..  one 
14,000-kw..  and  one  15,000-kw.  unit;  all  are  vertical  tur- 
bines except  one  8000-kw.  reciprocating  engine.  Our 
boilers  are  all  B.  &  W.  water-tube  type  e(iuipped  with 
superiieaters  and  fired  l)y  underfeed  mechanical  stokers 
using  forced  draft.  The  boilers  have  a  rated  normal  ca- 
pacity of  1000  kw.  with  two  to  three  inches  of  water  on 
the  draft  gage;  they  carry  180  lb.  steam  pressure  with 
about  75  deg.  F.  superheat  and  the  steam  is  delivered  at 
170  to  175  lb.  with  about  25  deg.  F.  superheat  at  the 
throttle.  The  conden.sers,  with  but  one  exception,  are 
of  the  counter-current  type  equipped  with  displacement 
rotary  pumps. 
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Our  accumulator  pressure  is  1000  lb.  per  sq.in.,  which 
gives  about  750  lb.  at  full  load  on  the  step  bearings ;  this 
is  allowed  to  approach  within  100  to  150  lb.  of  the  ac- 
cumulator pressure  before  any  cleaning  off  of  scale  on  the 
turbine  vanes  is  attempted,  as  we  consider  100  lb.  differ- 
ence a  reasonably  safe  limit. 

The  maximum  quantity  of  coal  oil  used  in  this  clean- 
ing is  six  barrels  for  a  15,000-kw.  turbine,  the  quantity 
varying  with  the  size  of  the  machine  and  the  judgment 
of  the  engineer  in  charge  as  to  the  amount  of  scale 
present  as  indicated  by  the  step  pressure  gage  and  also  by 
the  time  elapsed  since  the  last  cleaning.  While  this  clean- 
ing is  being  done  the  turbine  is  allowed  to  exhaust 
straight  to  the  atmosphere  through  the  high-pressure  re- 
lief valve  at  the  condenser  base,  thus  cutting  out  the 
condenser  altogether.  Xo  appreciable  heating  of  the 
turbine  itself  is  experienced. 

The  feed  water  used  is  from  the  Schuylkill  River, 
which,  under  normal  conditions,  gives  the  following  an- 
alysis, subject  to  more  or  less  change,  due  to  high  or  low 
water,  spring  freshets,  etc. : 

PARTS    PER    MILLION 

Organic  and  volatile  matter 30 . 3 

Inorganic  residue 186  3 

Total  solids 210  6 

Further  subdivided  as  follows : 

PARTS  PER  MILLION 

Sodium  chloride 19  86 

Sodium  sulphate 5>>  95 

Calcium  sulphate 36  57 

Calcium  carbonate ■. 46-63 

Magnesium  carbonate 57 .  69 

Silica,  alumina,  ferric  oxide,  potassium  chloride,  etc 4.90 

216  60 

To  make  this  a  good  boiler  feed  water,  certain  chem- 
icals, such  as  soda  ash,  caustic  soda,  etc.,  must  be  added 
in  moderate  quantities.  A  certain  amount  of  "Kutch" 
is  also  sometimes  used  to  obtain  the  amount  of  tannic 
acid  that  will  keep  the  scale  from  adhering  to  the  tube. 

I  trust  this  information  will  be  of  benefit  to  Mr.  Wood 
and  others  who  are  tro^ibled  with  scale  in  turbines. 

Morgan  G.  Johns. 

Philadelphia,  Penn, 

Design  of  Surface  Condensers 

I  agree  with  the  general  principle  of  the  design  of  sur- 
face condensers  as  advocated  by  Mr.  Booth  in  the  Oct. 
22  issue,  if  this  is  not  carried  to  extremes.  This  is  un- 
doubtedly the  opinion  of  all  other  condenser  designers. 

Mr.  Booth  is  apparently  writing  from  an  idealistic 
standpoint,  but  he  wisely  qualifies  his  statements  to  some 
extent  by  the  following  sentence :  "Except  for  considera- 
tions of  cost  and  space,  there  is  no  reason  why  a  con- 
denser should  not  be  many  times  its  ordinary  cubical  ca- 
pacity with  widely  spaced  tubes  dispersed  throughout  the 
space." 

The  second  of  the  reasons  quoted  would  appear  to  be 
of  greater  importance,  but  I  would  suggest  that  there  is 
at  present  no  known  reason  why  the  cubical  capacity 
should  attain  the  dimensions  suggested.  In  fact,  the  gen- 
eral tendency  today  is  for  surface  and  volumetric  capa- 
city to  be  reduced  rather  than  increased  as  a  result  of 
more  careful  design,  enabling  much  higher  heat-transmis- 
sion rates  to  be  adopted. 

Undoubtedly  the  cost  has  considerable  bearing  on  the 
proportions  of  surface  condensers,  but  the  mere  increase 
of  volumetric  capacity  may  be  easily  obtained  by  retain- 


ing what  is  practically  the  standard  vidth  or  diameter, 
and  increasing  the  length  of  the  shell  at  relatively  little 
additional  cost.  The  major  expense  in  a  surface  con- 
denser is  that  due  to  the  tubes  and  tube  plates,  and  by  in- 
creasing the  length  of  the  shell  to  obtain  greater  volu- 
metric capacity  only  the  additional  length  of  tubes  would 
have  to  be  considered. 

This  arrangement  would  give  an  opportunity  to  in- 
crease the  tube  pitch  as  recommended  by  Mr.  Booth,  but 
there  is  undoubtedly  a  limit  beyond  which  the  pitch 
should  not  be  increased. 

One  of  the  principal  factors  in  efficient  heat  trans- 
mission and  condensation  is  a  lively  molecular  motion 
of  the  condensing  medium  and  the  steam.  This  fact 
is  generally  recognized  and  acted  upon  by  most  of  the 
well  known  manufacturers  of  condensing  plants. 

The  important  point  to  bear  in  mind  when  propor- 
tioning condensers  is  not  so  much  volumetric  capacity  as 
the  provision  of  a  perfectly  free  steam  entry  to  the  first 
and  immediately  adjacent  rows  of  tubes.  Consideration 
of  this  statement  will  show  that  not  only  must  the  tul>e 
pitch  be  carefully  proportioned,  but  the  ratio  of  the  length 
of  the  shell  to  the  diameter  or  width,  as  related  to  the 
exhaust-steam  inlet  branch,  must.be  considered.  The  ex- 
haust inlet  should  preferably  be  arranged  so  as  practically 
to  conform  to  the  shape  and  dimensions  of  the  condenser 
top.  This  is,  however,  fully  recognized  as  an  expensive 
and  awkward  arrangement  when  the  space  usually  pro- 
vided for  condensing  apparatus  is  considered ;  so  the 
next  thing  to  do  is  to  arrange  the  exhaust  branch  on  a 
dome  of  suitable  area  in  the  middle,  gradually  tapering 
away  to  the  ends  and  sides  of  the  shell,  thus  distribut- 
ing the  steam  over  the  whole  inlet  surface  without  the 
aid  of  internal  baffles. 

Practically  all  manufacturers  of  standing  carefully  pro- 
portion the  pitch  of  the  tubes  to  provide  suflScient  steam 
area  based  on  velocities  determined  by  experiment  and 
depending  iqwu  the  quantity  of  steam  flowing  and  the 
vacuum  to  be  maintained.  Steam  baffles  are  now  reduced 
to  a  minimum ;  in  fact,  one  manufacturer  at  least  pro- 
vides only  one  baffle,  and  this  is  in  the  condenser  base. 

I  have  met  with  condensers  wherefrom  the  removal  ol' 
certain  tubes  has  proved  advantageous,  but  these  have 
been  of  the  old-fashioned  marine  box-of-tubes  condensers, 
but  I  have  yet  to  see  a  modern  surface  condenser  under 
proper  operating  conditions  having  a  difference  in  vac- 
uum equal  to  1  in.  Hg.  between  the  inlet  and  outlet. 

The  following  particulars  from  actual  condensers  built 
by  different  firms  indicate  the  lines  on  which  they  work;; 

(1)  29.1-in.  vacuum;  30-in.  barometer.  Exhaust- 
steam  inlet  velocity  530  ft.  per  sec,  steam  velocit}' 
between  first  row  of  tubes,  250  ft.  per  sec.  In  this  con- 
denser three  tube  pitches  are  used,  i.e.,  ll^,  1%  and 
liV  in-  for  %-in-  diameter  tubes. 

(2)  28-in.  vacuum;  30-in.  barometer.  Exhaust- 
steam  inlet  velocity  260  ft.  per  sec,  steam  velocity 
between  first  row  of  tubes,  140  ft.  per  sec.  In  this  con- 
denser two  tube  pitches  are  used,  i.e.,  1%  and  Ijj-  in.  for 
%-in.  diameter  tubes. 

Both  the  above  condensers  are  highly  efficient  in  op- 
eration, the  circulating  water  leaving  the  condenser  at  a 
temperature  3  to  4  deg.  F.  below  that  of  saturated  steam 
at  the  vacuum  carried. 

W,  Vincent  Treeby. 

Goodmayes,  Eng. 
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Polarity  of  Dynamo^In  a  dynamo 
whether  a  pole  should  be  N  or  S.  and  ho 
reversed? 


what      determines 
may  the  poles  be 


The  polarity  is  determined  by  the  direction  in  which  the 
field  current  flows  around  the  magnet  and  the  poles  may  be 
reversed    by    reversing    the    direction    of   the    currest. 

DetermtnlnK  Flow  of  Water  Throueh  Pipe — What  is  a 
plain  and  easily  understood  formula  tor  determining  the 
amount    of   water   which    will    tiow    through   a    pipe? 

S.    D.    G. 

There  is  no  simple  formula  for  figuring  this  flow.  No 
formula  can  be  absolutely  accurate  as  the  rough  pipe  sur- 
faces are  extremely  variable,  due  to  the  different  makes  of 
new  pipe,  rough  interior  surfaces  and  reduction  in  interior 
surface  diameter  resulting  from  use.  Many  engineers  prefer 
Darcy's  formula,   which   is 


h    = 


(0.0198920  +  0.00166.573>  I 


■  2g 


in   which 

h  =  The  loss  of  head  in  feet  due  to  friction, 
d  =  The    internal    diameter    of    pipe, 
v  =  The  velocity  in  feet  per  second. 
1  =  The   length   of  pipe   in   feet. 
2g  =  64.324. 

Illuminating  Gas  for  Heating  Purposes — What  are  the  ad- 
vantages and  disadvantages  of  illuminating  gas  compared 
with  coal  for  making  steam  to  heat  a  small  plant  that  re- 
quires 1000   sq.ft.  of  radiation" 

W.   T. 

Gas  burned  under  the  boilers  instead  of  coal  would  re- 
quire very  little  attention  after  starting  the  fire.  It  is 
cleaner  than  coal,  and  if  properly  introduced  into  the 
furnace  would  produce  no  smoke.  Besides,  there  would  be 
no  standby  losses  such  as  banking  a  coal  fire,  for  the  minute 
the  service  was  no  longer  needed  it  could  be  shut  off  im- 
mediately and  started  again  Just  as  readily.  The  principal 
objection  to  illuminating  gas  for  this  purpose  is  its  exces- 
sive cost  when  compared  to  coal.  Ordinarily,  a  cubic  toot  of 
illuminating  gas  contains  about  650  B.t.u.  A  good  quality 
of  coal  will  contain  14,000  B.t.u.  per  lb.,  so  that  in  heat  units 
a  pound  of  coal  is  equivalent  to 
14.000 
650 


=  21  cu.ft   of  gas 


Gas,  however,  will  burn  at  a  little  higher  efficiency  than 
coal  and  there  will  be  no  standby  losses.  It  may  therefore 
be  assumed  that  the  efficiency  of  combustion  is  10  per  cent, 
higher  than  that  for  coal.  In  reality,  19  cu.ft.  of  gas  will  be 
equivalent  to  1  lb.  of  coal.  Multiplying  by  2000  will  give 
38,000  cu.ft.  of  gas  as  the  equivalent  of  a  ton  of  coal.  A 
fair  price  for  illuminating  gas  is  80c.  per  thousand  cubic  feet, 
so  that  38.000  cu.ft.  would  cost  approximately  $30.  as  com- 
pared to  $4  or  $5  for  a  good  gEade  of  coal.  The  excessive 
cost  of  the  gas  would  thus  eliminate  its  use. 

Waste  In  Exeess  TondenMioK  Water — How  much  money 
Is  wasted  in  a  year  where  such  an  excess  of  condensing 
water  in  the  vacuum  pump  is  required  that  the  feedwater 
heater  constantly  overflows  at  a  rate  of  about  one  gallon 
a  minute  of  water  that  has  been  heated  from  62  to  200  deg. 
F.,  If  this  waste  lasts  18  hr.  a  day  and  six  months  in  the 
year,  and   coal   costs  $2.90  a  ton? 

K.    T.    E. 

As  the  total   time  Is 

182%   days    X    18  hr.    X    60  mln.    ^   197,100  mln. 
with  the  discharge   rate   of  condensing   water    1    Kal.   per   min., 
a   gallon    of   water   being    8)    lb.,    the    total    weight    of   heated 
water  lost   would   be 

197.100    X    8J    =    1,642.500    lb. 
Each    pound    of    water    being    heated    from    62    to    200    deg.    F. 
would  receive 

200   —  62    -    138    heat    units 
and    the    total    heat    lost    would    be 

1,642.500  X  138  =  226,665,000   B.t.u. 


Prom  one  pound  of  good  coal  and  75  per  cent,  boiler  efficiency 

may    be    realized    about    10.500    heat    units.      Therefore, 

226.665,000 

10.500        =  -^-^^  "'■ 

of   coal    would    be    required;    that    is. 

21.587  ,„  ,„ 

-2000-  =  10. -9  tons 

of   2000    lb.,    which    at    $2.90    per    ton    would    amount    to    $31.29. 

Calculating  Horsepower  Without  Indicator — What  will  be 
the  maximum  indicated  horsepower  developed  by  an  en- 
gine with  20-in.  cylinder,  36-in.  stroke,  receiving  steam  at 
125  lb.  pressure,  cutting  oft  at  ^4  stroke,  exhausting  to  the 
atmosphere  and  running  at  90  r.p.m.  Also  ■when  running  at 
110    r.p.m.? 

F.  P.  L. 
First  find  the  mean  effeciive  pressure.  This  will  be  the 
difference  between  the  mean  forward  pressure  and  the  mean 
back  pressure.  The  mean  forward  pressure  can  be  found  in 
Low's  "Steam  Engine  Indicator,"  page  115,  or  by  calculation 
from   the   formula 

Pm  =  (1   +  loBe  ^'  <f  +  <^>  —  <: 
where 

Pjj^  —  Mean   forward   pressure   per   pound   of   initial   pres- 
sure 
logg  R  --  Hyperbolic    logarithm    of    the    ratio    of    expansion; 
f  =  Fraction  of  stroke  complete  at  cut  off; 
c  —  Clearanee   per   cent. 
The    clearance    is    not    given,    but    may    be    assumed    to    be    5 
per  cent.;  f  was  given  as   14    or  0.25. 

The   ratio   of   expansion    would    nominally   be    1    divided    by 


the   fraction   of    the   stroke    complete   at    cut    off   o 
corrected  for  clearance  becomes 

1   +  0  05     _  1.1)5 
0.3 


1 
0.25 


but 


=  3.5 


found 


multi- 


0.25  +  0.05 
From    a    table    of    hyperbolic    logarithms    log^     R    i 
to  be   1.2528. 

Now,    substituting    in    the    formula 

P^  =  (1   +  1.2528)  (0.25  -I-  0.05)  — 0.05 
=  (2.2528  X  0.3)  —  0.05  =  0.6258  lb. 
The  total  mean  forward  pressure  will  therefore  be  P^ 
plied   by   the   initial    pressure,    which    is   given   as    125    lb. 

0.625S  X  .125  =  78.225    lb. 
From   this   must   be   subtracted   the   mean   back   pressure.      As 
neither   this   nor   the    point    of    the    beginning   of   compression 
is   given,    it    may    be   assumed   to    be    2    lb.    above   the   atmos- 
phere,  making   the   total   back  pressure 

15   +  2  =  17  lb. 
Subtracting  this   from   P„,  gives 

78.225  —  17  =  61.225    lb. 
as    the    mean    effective    pressure.      This    is    the    P.    in    the    well 
known    formula    for    horsepower 

H„     =     P'»° 
"^         33,000 

where 

1    =  Length    of    stroki-    in    feet; 

a  =  Area    of    piston    in    sq.ln.; 

n  =  Number  of   strokes. 

1  was  given  as   36   In.   or   3   ft. 
circle    20    in.    in    diameter    or 


equal   to   the  area  of  a 


a  -:  0.7854  X  20  =  314.16    sq.ln. 
n  Is  equal  to  twice  the  revolutions  per  minute  or 

90  X  2  =  180 
Now,  substituting  in  the  last  formula 
61.225  X  3  X  314.16  X  180 


Hp. 


"  314.745 


33,000 

The  horsepower  at  110  r.p.m,  may  be  obtained  by  dividing  the 
above   by  90  and   multiplying  by   110. 
314.745  X  110 


90 


384.688  hp. 
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LoGAKiTHiis — Part  111 

In  the  two  preceding  lessons  on  logarithms  we  learned 
how  to  find  the  logs  of  given  numbers  and  the  numbers 
corresponding  to  given  logs.  In  this  lesson  we  will  pro- 
ceed with  some  practical  examples  for  the  working  of 
which  it  will  be  necessary  for  the  student  to  procure  a 
table  of  logarithms.  As  mentioned  before,  these  tables 
may  be  found  in  most  engineers'  handbooks. 

Edle:  To  multiply  numbers,  add  their  logariilinis. 
The  sum  will  be  the  log  of  the  product . 

Example:  ^Yhat  is  the  circumference  of  a  flywheel 
24.5  ft.  in  diameter?  To  find  the  circumference  we  multi- 
plv  the  diameter  by  3.141C. 

The  characteristic  of  24. .5  being  1  less  than  the  number 
of  integer  places  is  1,  and  that  of  3.1416  is  0.  The 
mantissa  of  each  log  is  found  from  the  table  and  the 
complete  logs  are  as  follows : 

log  of  24.5        =1.3891661 
log  of    3  1416=0  4971509 


Adding  we  find  the  log  of  the  product  to  be  1.8863170. 
The  nearest  log  to  this  in  the  table  is  88631.58,  which 
corresponds  with  the  number  76,969,  and  the  character- 
istic being  one  we  point  off 

1  +  1  =  2 
places   of  whole  numbers,   making  the   number   76.969. 
Obviously  there  is  no  need  of  carrying  this  number  out 
to  a  greater  number  of  decimal  places. 

Rule:  To  divide,  subtract  the  log  of  the  divisor  from 
the  log  of  the  dividend.  The  remainder  will  be  the  log 
of  the  quotient. 

Example:  How  many  gallons  in  a  tank  containing 
80,619  eu.in.? 

One  gallon  contains  231  cu.in.  Hence  we  must  divide 
80,619  by  231. 


2. 5428254=  log  of  349 

Here  the  characteristic  of  the  log  of  the  difference  is 
2.  The  mantissa  is  found  in  the  table  and  corresponds  to 
the  number  34,900 ;  and  as  the  characteristic  is  2  we  point 
off  three  integer  places  in  the  number,  and  as  the  ciphers 
have  no  value  we  reject  them. 

Instead  of  subtracting  we  might  have  added  the  arith- 
metical complement  of  the  log  of  231,  i.e.,  the  difference 
Ijetween  that  log  and  zero 

0  —  2.3636120  =  —7.6363880  —  10 
and  then  subtract  10  from  the  sum  thus, 


method  is  particularly  useful   when  multiplications  and 
divisions  occur  in  the  same  example. 

Wimi  horsepower  would  be  developed  by  an  engine  24 
in.  in  diameter,  46-in.  .stroke  running  at  75  r.p.m.,  with 
38.27  lb.  nle.p.? 

log  of  38.27    =      1.5828585 

log  of  46  =1    6627578 

ar.  com.  log  of  12         =—2.9208188 

log  of  24  =      1   3802112 

log  of  24  =      1    3802112 

log  of  0.7854=— 1   8950909 

log  of  150  =2  1760913 
.com.  of  log  of  33,000  =—5  4814861 


2.4795258 

177=301.66  hp. 

The  arithmetical  complement  may  be  written  directly 
from  the  table  by  putting  down  instead  of  the  figures 
there  given,  the  difference  between  them  and  zero,  which 
will  be  for  the  first  or  right-hand  figure  the  difference  be- 
tween the  number  as  given  and  10,  and  for  all  the  rest 
the  difference  between  the  given  figure  and  9.  If  the 
characteristic  is  plus,  i.e.,  if  the  quantity  dealt  with  is 
an  integer  the  characteristic  will  be  minus,  and  one  more 
than  the  characteristic  of  the  log,  as  seen  below 

0.0000000 
log  of  12  =  1.0791812 


—2.9208188 

When  the  ciiaracteristic  of  the 
fraction  is  dealt  with 


-5.4814861 

is  minus,  i.e.,  when  a 


0.1049091 

the  characteristic  will  be  plus  one   less  than  the  char- 
acteristic of  the  logarithm. 


!  of  0.00075  =- 


3.1249387 

Rule:    To  raise  a  number  to  any  given  power,  multiply 
its  log  by  the  exponent  of  the  power. 

If  we  wish  to  raise  25  to  its  third  power  we  would  have 
to  perform  the  operation 

25  X  25  X  25  =  15,625 

This  example  could  he  done  liy  multiplying  the  log 
of  25  by  3,  thus, 

log  25       1  397940 


2 .  .54282.54 

This  is  the  same  result  we  got  by  subtracting.     This 


log  25'   =4.193820=15,625 

Suppose  we  wanted  to  find  6*,  the  eighth  power  of  6, 
we  would  have  to  do  much  figuring  to  get  this  by  ordinary 
arithmetic.  By  the  use  of  logarithms  it  is  very  easily  ob- 
tained. We  multiply  the  log  of  6,  which  is"  0.7781513 
by  8,  which  gives  6.2252104,  and  the  corresponding  num- 
ber is  found  to  be  1,679,616. 

Many  problems  are  met  with  where  it  is  necessary  to 
raise  a  number  to  a  fractional  power.  This  operation  is 
usually  very  difficult  by  ordinary  arithmetic,  but  is  easily 
performed  by  the  use  of  logarithms.  Eor  example,  you 
have  often  seen  the  expression  PTii  =  a  constant.  This 
expression  means  that  the  value  of  P  is  to  be  multiplied 
by  the  value  of  V  raised  to  the  seventeenth  power  and  the 
sixteenth  root  extracted. 


January  28,  1913 


POWER 


133 


We  raise  the  value  of  V  to  the  seventeenth  power  by 
multiplying  its  logarithm  by  17,  then  dividing  the  product 
by  16,  we  get  the  logarithm  of  the  sixteenth  root  of  the 
seventeenth  power.  Having  obtained  this  log,  all  that  is 
necessary  is  to  find  its  corresponding  number. 

Usually  it  simplifies  matters  to  reduce  fractional  ex- 
ponents to  decimal  form.  Thus  the  above  ji?  =  1.0625. 
which  is  the  exponent. 

Suppose  we  want  to  find  the  value  of  ?46i.  We  must 
raise  746  to  the  seventh  power  and  extract  the  eighth  root. 

By  logarithms  it  is  done  thus : 

The  log  of  746=  2.8727388 


8)20.1091716 


51364645 

The  number  corresponding  to  the  log  2.51364645  is 
326.232  ans. 

To  extract  the  root  of  a  number  we  divide  the  log  of 
the  number  by  the  index  of  the  root,  and  find  the  number 
to  which  this  log  corresponds. 

Example :    Find  the  cube  root  of  3.1416. 

log  of  3.1416=0.4971509 
3)0.4971509 
0.1657169 

The  number  corresponding  to  log  0.1657169  =  1.46459. 
Example:      M'Wz  =  log  of  272  H-  6. 
log  of  272  =  2.4345689 

6)2  4345689 
0.4057615 

0.4057615  =  log  of  2.545432 
In  this  last  example  we  carried  the  number  out  to  six 
decimal   places,    but    for   all    ordinary    calculation   three 
places  is  sufficient. 

Instead  of  writing  a  minus  sign  before  the  character- 
istic when  it  is  negative,  it  is  common  to  express  it  as 
9.  maniissa  —  10 
However,  when  the  cube  root  is  to  be  found,  this  involves 
a  fraction  when  dividing  by  3 ;  therefore  it  is  better  to 
nse  for  minus  1(1) 

29.  iiiantissa  —  30 
which  is  equivalent  to  characteristic  9  minus  10. 
Example:    Find  the  cube  root  of  0.124. 

log  of  0.124  =  1.093421 
Instead  of  expressing  this  as  9.093421  —  10,  we  write 
it 

29.093121  —  30 

Now  dividing  by  3 

3)29.093421  —30 
9.697807  —  10 

Xow  we  find  the  mimber  corresponding  to  the  mantissa 
697807  =  49,866 

As  our  characteristic   is  negative   we  know   that   this 
number  is  wholly  decimal.     Therefore, 
0.4;)8(i(J  =   yj  0.124 

The  student  (.an  now  appreciate  the  value  of  logarithms 
for  raising  numbers  to  high  and  fractional  powers  and 
for  extracting  cube  root  anri  all  higher  roots.  Eegarding 
the  extracting  of  roots  above  cube  root  a  good  thing  to 
remember  is  that  logarithms  are  nearly  always  necessary. 

In  the  Dec.  14  issue  it  wna  stated  that  when  the  index 
is  an  odd  number,  .subtract  3  from  it  and  divide  the 
remainder  by  2,  extract  the  square  root  that  number  of 


times  and  then  take  the  cube  root.    As  an  example  it  was 
stated. 

■"To  get  the  seventh  root 

7  —  3  =  4:4-^2  =  2 
So  we  take  the  square  root  twice  and  then  extract  the 
cube  root,  and  the  sum  of  all  these  indices  or  exponents 
will  be 

2  +  2  +  3  =  7." 

This  was  a  mistake.  The  subtracting  of  3  from  the  ex- 
ponent gave  the  quotient  of  the  original  quantity  divided 
by  the  cube  of  that  quantity,  not  the  cube  root.  The 
student  should  use  logarithms  in  solving  such  problems. 


OVER    THE    SPILLWAY 

JUST     JESTS,     J.\BS,      JOSHE.S    .\  N  D     JUMBLES 


An  "Engineering-  News"  correspondent  is  dead  set  -igaiiist 
the  "reversed  dam."  He  says  "its  stability  depends  upon  its 
being  perfectly  glued  to  a  solid  rock  foundation";  that  he's 
"intensely  serious  about  this  matter."  Sure!  Must  have  been 
something  wrong  with  the  glue  in  all  the  reversed  dams 
we've  ever  seen.     What  is  this  dam   glue,  anyhow? 

Blink  Boffum,  the  popular  young  electrician  at  the  Bunk- 
town  lighting  plant,  takes  his  p-sn  In  hand  to  say  that  he 
has  fully  recovered  from  his  "tall"  off  the  H;0  shay.  Blixik 
denies  the  report  that  he  was  pushed  off,  says  he  just  sort 
of  slipped  down.  But  he's  dumb  back,  and  swears  he's  agoin' 
to   stay  put. — "Bunktown   Progressive." 

The  staff  writers  on  the  Jewish  newspapers  in  New  York 
City  struck  recently  for  a  five-hour  day,  overtime,  and  a  few 
other  modest  demands.  How  lucky  we  engineers  are!  We 
can  work  as  long  as  we  want  to — and  even  longer.  It's  one 
wild  bacchanalian  revel  with  us.  We  ought  to  pity  these 
poor  scribblers  who  are  thus  rudely  torn  from  their  benches 
after  five  hours'  light  exercise  and  forced  to  idle  about  until 
tomorrow. 

.\n  .\rizona  workman  was  caught  in  a  flywheel,  whirled 
about,  thrown  into  a  pit  20  ft.  away,  and  then  got  up  unin- 
jured and  went  back  to  work.  Then  he  kicked  because  his 
jumper  was  torn!  No  gratitude  in  some  people.  He  ought 
to  be  glad  he  wasn't  docked  for  the  time  he  lost  while  aim- 
lessly flying  around  this  way. 

At  the  time  of  the  economizer  explosion  at  Saylesville, 
R.  I.,  when  the  boiler  plant  was  wrecked  a  team  of  horses 
attached  to  a  wagon  stood  within  30  ft.  of  the  building. 
Brick  and  other  debris  flew  about  the  horses  and  half  filled 
the  wagon,  and  yet  the  horses  stood  their  ground  without 
moving.  This  must  be  an  example  of  what  people  call 
horse-sense.  Now,  we  suppose  some  brute  will  upset  a 
really  remarkable  incident  by  informing  us  that  the  horses 
were  deaf. 

We  are  skeptical  of  the  old  saw  which  buzzes  forth  that 
"Music  hath  charms  to  soothe  the  savage  breast."  A  Ger- 
man engineer,  one  Puritz,  climbed  into  the  Hamburg  Opera 
House  orchestra  one  night  and  slammed  Musical  Director 
Klemperer  over  the  bean.  It  is  just  possible  that  the  music 
lacked  the  necessary  soothing  syrupiness  to  control  the 
tumult  in  Puritz'  chest.  The  opera  was  "Die  Gotterdammer- 
ung,"    not    a    peaceful    expression,    to    say    the   least. 

Another  slander!  Newspaper  says  that  "Limburger  is  the 
only  cheese  that  has  stuck  to  the  common  people,  all  the 
others  being  too  high-toned."  Exception,  your  honor!  We 
are  prepared  to  admit  counsel's  statement  that  the  defendant 
is  guilty  of  a  high  tone  (See  Exhibit  "A"),  but  we  take  ob- 
jection to  plaintiff  counsel  that  It  (the  cheese)  has  "stuck"  to 
the  common  people.  Any  sensitive  man  will  be  quickly 
moved  to  tears  as  Its  first  zephyr  Is  wafted  to  his  nostrils — 
but,  stuck!     Not   unless  he  eats  it.     Objection   sustained, 

London  dispatches  make  a  great  howdydo  over  King 
George  having  a  chill.  Godfreys  crickets!  anybody  can  have  a 
chill  who  wants  It — and  many  have  one  wished  on  them.  If 
a  king  can't  have  a  chill  during  the  reign,  what's  the  use  of — 
Don't  mlnd'em,  friend  king,  the  papers  are  always  pester- 
ing some  one  or  other.  Come  on  down  to  the  plant  after  you 
knock   off  for  the  day;  we'll  fix  you  up. 


134 


P  0  W  E  E 


Vol.   37.    Xo.  4 


Independent  Air  Pump  for  Condenser 


SYNOPSIS — Its   advantages   and   development   and   a 
comparkon  between  rotary  and  direct-acting  pumps. 

The  most  obvious  advautage  of  an  independent  air 
pump  is  its  ability  to  obtain  a  vacuum  in  the  condenser 
before  the  main  engines  are  started,  thereby  enabling  the 
engines  to  be  manipulated  with  greater  ease  and  certainty 
at  times  when  immediate  response  is  of  importance.  On 
this  account,  the  first  adoption  of  such  pumps  was  on 
board  war  vessels,  and  later  for  small  river  steamers,  while 
the  advent  of  the  marine  steam  turbine  made  the  pro- 
vision of  such  pumps  a  practical  necessity. 

The  earliest  designs  of  independent  air  pumps  were 
those  in  which  the  pump  was  driven  by  an  independent 
crankshaft  engine,  and  when  the  variable  and  peculiar 
nature  of  an  air-pump  load  is  considered,  it  will  be  ob- 


DryAir  Pump  Discharge 


cylinder,  and  even  now  this  constitutes  a  very  successful 
type  of  pump  for  certain  conditions.  The  suction-valve- 
less  pump,  the  features  of  which  were  originally  enunci- 
ated in  1879,  and  which  is  now  known  as  the  Edwards  air 
pump,  offers  distinct  advantages  as  a  type  of  air  end  for 
use  as  a  lever-driven  pump,  but  due  to  the  principle  of 
working,  it  is  unsuitable  for  independent  drive,  and  ac- 
cordingly the  old  three-valve  air  i>ump  has  still  main- 
tained its  position  as  the  most  efficient  air  end  for  in- 
dependent working. 

When,  however,  the  principle  under  which  air  and 
water  should  be  withdrawn  from  a  condenser  is  consid- 
ered, it  is  obvious  that  the  "Twin"  or  "Monotype"  pumps 
require  to  be  very  large  on  account  of  their  handling  the 
air  and  water  together.  Where  of  small  dimen- 
sions, an  undue  degree  of  cooling  of  the  feed  water  is  nec- 


Injecfion  Wafer 

Fig.  1.  Section  of  Weik  "Dual"  Air  Pdmp,  Cooleu  and  Connections 


vious  that  a  meager  degree  of  success  was  possible,  and 
that  many  failures  resulted.  Greater  success  was  obtained 
when  the  air  pump  was  coupled  to  the  independent  cir- 
culating engine,  as  these  engines  were  under  a  consider- 
able continuous  load,  and  the  variations  of  the  air-pump 
load  were  not  so  vital  in  their  effect,  but  even  this  ar- 
rangement was  frequently  unsuccessful,  particularly 
where  lack  of  care  was  shown  in  the  details  of  design. 

The  direct-acting  independent  air  pump  was  originally 
developed  in  the  United  States,  while  in  its  details  it  was 
perfected  in  Great  Britain  and  in  the  form  of  the  "Twin" 
air  ]nimp  thoroughly  satisfactory  results  were  obtained. 
A  further  degree  of  simplification  in  design  was  the  ad- 
vent of  the  "Monotype"  pump,  in  which  a  single  air  bar- 
rel of  the  three-valve  type  was  driven  by  a  single  steam 


•From  paper  read  by  William  Weir  before  the  Institution 
of   Engineers    and    Shipbuilders    in   Scotland. 


essary  to  enable  them  to  obtain  the  desired  vacuum,  ex- 
cept under  conditions  of  very  slight  air  leakage.  As  al- 
ready pointed  out,  it  was  early  evident  that  the  maximum 
efficiency  would  only  be  obtained  by  a  combination  of  wet 
and  dry  pumps. 

In  the  early  stages  of  turbine  propulsion  many  forms 
and  combinations  of  wet-  and  dry-air  pumps  were  fitted, 
but  unfortunately  these  installations,  in  the  majority  of 
cases,  were  rendered  apparently  noneffective  on  account 
of  faulty  condenser  design,  and  the  present  design  of 
"Uniflux"  condenser  is  a  direct  outcome  of  the  apparent 
nonsuccess  of  the  independent  dry-air  pump.  Having 
succeeded  in  finding  a  satisfactory  condenser  design,  the 
field  was  consequently  clear  for  a  fresh  application  of  the 
wet-  and  dry-air  pump  principle.  The  main  object  was  to 
secure  a  wet  and  dry  pump,  in  one  unit,  in  order  to  obtain 
an  apparatus  of  minimum  weight,  of  greater  simplicity 
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and  f^teani  economy,  together  witli  greater  reliability  than 
had  been  possible  with  the  separate  wet  and  dry  pumps. 
These  advantages  have  lieen  secured  in  the  "Dual"  air 
pump  in  a  simple  and  compact  form. 

Fig.  1  shows,  in  diagrammatic  form,  the  arrangement 
of  surface  condenser,  "Dual"  air  pump,  and  injectiun- 
fl-ater  cooler.  In  all  cases  the  wet  pump  A  is  situated  be- 
low the  steam  cylinder,  as  this  pump  is  the  one  which 
works  under  the  maximum  load.  Tlie  dry  jjump  B  is 
flriven  by  the  beam  and  links  in  the  usual  way.  One  cou- 
uection  C  is  made  to  the  condenser,  but  a  branch  pipe  D 
is  led  to  the  dry  pump,  the  connection  being  made  in  such 
a  manner  that  the  water  will  all  pass  by  C  to  the  wet 
pump.  Apart  from  the  separate  suction  arrangements  to 
each  i)ump,  the  "Dual"  pump  differs  from  the  ordinary 
twin  pump  in  that  the  dry  pump  discharges  through  the 
return  pipe  E,  through  a  spring-loaded  valve  F.  into 
the  wet  jHimp,  at  a  point  below  its  head  valves.  This 
.'^pring-loaded  valve  is  adjusted  to  maintain  about  8  in. 
of  mercury  difference  of  pressure  between  the  condenser, 
and  what  might  be  termed  the  hotwell  of  the  dry  pump. 

The  next  point  concerns  the  supply  of  water  to  the  dry 
pump  for  water-sealing,  clearance-filling,  cooling  and 
va])or  condensation.  When  starting  the  pump,  the  filling 
valve  G  is  opened  for  a  short  period,  to  enable  the  vac- 
uum to  draw  in  a  supply  from  the  hotwell  of  the  wet 
jiump.  The  valve  is  then  closed  and  the  water  passes  from 
the  hotwell  of  the  dry  pump  by  the  pipe  H  to  an  annular 
cooler  through  which  a  supply  of  sea  water  is  circulated, 
and  after  being  cooled  the  injection  water  passes  into  the 
suction  of  the  dry  pump,  through  the  pump,  and  re- 
turns to  the  cooler  in  a  continuous  closed  circuit ;.  any 
excess  caused  by  condensation  passing  over  by  the  pipe  E 
to  the  wet  pump. 

The  advantages  secured  by  such  a  combination  are: 
A  wet-air  pump  working  approximately  at  the  tempera- 
ture due  to  the  vacuum,  in  combination  with  a  dry-air 
l)unip  working  at  a  much  lower  temperature,  on  account 
of  \  hich  it  is  enabled  to  handle  air  leakage  without  any 
substantial  cooling  of  the  main  body  of  feed  water;  a 
dry-air  pump  of  high  efficiency,  due  to  it  only  requiring 

COMPARATIVE   CAPACITIES  AND   WEIGHTS  OF  AIR  PUMPS 


Volume 

Rate 

swept 

Lb. 

Conden- 

in lb. 

by  buck- 

weight 

sed  sleam 

r; 

et 

of  pump 

per  hr. 

Designed  Volume 

per  Hp. 

per 

per 

Typo  of 

Vacuun 

feed 

of  main 

Vessel 

pump 

hour 

Air  Pump 

inches 

water 

engine 

S.S.   "Kronprinz   Wil- 

helm" 

25.'j,000 

17 

"Twin" 

26 

12  4 

2,  on 

S..S.  "Franconia" 

90,000 

15 

"Dual" 

26 

7  4 

1  ,  102 

Battleship  (1902) 

67,.500 

16 

"Twin" 

26 

15.4 

2.16 

Battleship  (1912) 

94,.'i00 

14 

"Dual" 

2S.5 

13  3 

1   ,377 

Turbine  Atlantic  Liner 

Iflfi.OOO 

14 

"Dual" 

28.5 

13.2 

1.232 

Destroyer  (1907) 

12.<,000 

16 

"Monotype' 
"Duai''^ 

26 

12  7 

0.765 

Destroyer  (1912) 

177.(>23 

14.5 

28 

8.8 

0  466 

Small    Turbo-Genera- 

tor Set 

n.ooo 

l.'j.OOO 

"Monotype' 
"Monotype' 

28 
25 

33 
,30 

DredKcr  Installation  ,. 

Three-Throw  Edwards 

type     for     Electric 
Power  Stations 

28.5 

45  5 

Weir     "Dual"     Air 

Pump'   for   Electric 

Power  Station 

80.000 

28,5 

20  5 

S.S.  "Campania" 

40.(XM) 

Engine-d  riv- 

25 

60 

Cargo  Steamer. 

2,5.5,000 

en  ordinary 
Eneine-driv- 

25 

45 

S.S.  "RanKatira" 

40,(M)0 

en  ordinary 
KnKine-driv- 

25 

26  5 

must  deal  with.  This  question  is  associated  with  the 
actual  size  of  the  installation.  In  a  small  installation  the 
air  leakage  is  always  relatively  higher  than  in  a  large  one. 
It  is  further  coni]ilicated  by  the  nature  of  the  installa- 
tion. 

The  table  shows  the  wide  variation  of  practice,  giving 
the  capacity  in  terms  of  air-pump  bucket  volume  swept  to 
feed-water  volume,  also  the  weight  of  a  number  of  air- 
pump  installations,  from  which  it  may  be  noticed  that 
the  present-day  degrees  of  high  vacua  are  obtained  with 
less  weight  and  capacity  than  the  older  arrangements  of, 
say,  ten  years  ago.  This  arises  in  a  certain  degree  from 
improved  air-pump  design  and  also  to  the  greater  care 
taken  to  avoid  air  leakage. 

It  is  of  interest  to  note  the  large  difference  in  capacity 
between  the  ordinary  engine-driven  air  pump  and  the 
independent  air  pump,  while  the  capacity  usually  pro- 


to  discharge  against  4-lb.  jircwsure  instciu!  of  1.">-11),.  as  in 
the  case  of  an  ordinary  air  puni)). 

The  factors  involved  in  the  (estimation  of  the  correct 
size  of  air  pump  to  employ,  comprise  in  the  first  place 
consiilerations  of  the  normal  air  leakage  which  the  pnmj) 


FIG.  3    LtBLAMC  AIR  PUMP 


vidcd  for  electric-power-station  jiractice  appears  excessive. 
The  average  steam  consumption  of  independent  "Dual" 
air  pumps  for  vacuums  of  26  to  28.5  in.,  expressed  as  a 
percentage  of  the  feed  water  they  handle,  varies  from 
0.65  to  1. 

During  the  last  few  years  much  interest  has  been  taken 
in  the  develoiJment  of  rotary  dry-air  pumps,  especially 
for  electrical-station  practice  on  the  Continent;  the  two 
most  notable  examples  are  associated  with  M.  Leblanc, 
of  Paris,  working  in  conjunction  with  the  Westinghouse 
Co.,  and  the  rotary  air  pump  constructed  by  the  A.  E.  G. 
Co..  of  Berlin.  While  the  utmost  credit  should  lie  ac- 
conlcd  to  M.  Leblaiic  for  having  developed  the  modern 
type  of  rotary  air  ]>timp.  it  is  of  interest  to  note  that  in 
l.S(;2,  Christian  Schieie,  of  Oldham,  invented  and  built  a 
rotary  air  pump  regarding  which  he  claimed  : 

"The  system  or  mode  of  expelling  air  from  (Mindcnscis 
by  combining  or  entraining  it  with  injection  water  on  its 
jiassage  through  a  fan  or  centrifugal  pump." 

Fig.  2  shows  the  original  S(!liiele  puniji,  in  whicii  if 
will  be  seen  that  the  water  enters  through  a  .-series  of 
fixed  openings,  passes  into  a  turbine  wheel  along  with  tb' 
air  and  vapor,  in  which  it  is  given  the  necessary  sclonty 
to  discharge  it  through  guided  ))assages  to  the  atiiios]ilK're, 

Fig.  ."?  shows  a  section  of  a  modern  Leblanc  air  ])Uiii)) 
in  which  a  single  ejector  and  nozzle  is  used  for  disrharg- 
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ing  the  air  and  iiijectiou  -vrater,  the  combiuatiou  or  ad- 
nuxture  of  the  two  taking  place  outside  the  turbine  wheel. 
The  A.  E.  G.  design  of  rotary  air  pump  shown  dia- 
grammaticallv  in  Fig.  4  is  practically  a  Leblanc  pump 
having  a  series  of  specially-shaped  nozzles  arranged  cir- 


igroE 


Fig.  5.  Weiu  Eotary  Aiu  Pimi' 

cumferentially,  the  point  where  the  air  meets  the  entrain- 
ing water  being,  as  in  the  Leblanc  pump,  between  the 
rotating  wheel  and  the  nozzles. 

For  marine  use  the  adoption  of  rotary  dry-air  pumps 
has  been  comparatively  slow,  due  in  a  large  measure  to 
the  very  onerous  and  varied  requirements  to  which  a 
marine  pump  has  to  conform,  and  further,  to  the  extreme- 
ly eflBcient  nature  of  the  existing  direct-acting  machin- 
ory.  The  necessity  for  driving  such  rotary  machines  by 
small  steam  turbines,  in  themselves  still  more  or  less  in 
the  development  stage,  necessarily  implies  high  .^team 
consumption,  while  even  the  best  rotary  air  pumps  re- 
quire the  absorption  of  a  considerable  power  per  unit  of 
air  removed.  Further,  the  existing  types  do  not  appear 
to  possess  any  degree  of  flexibility,  in  the  sense  that  be- 
ing velocity  machines  they  must  always  run  at  the  de- 
signed speed  and  accordingly  use  the  same  amount  of 
fcteam,  thus  causing  their  performances  at  low  powers  of 
the  vessel  to  be  fairly  inefficient. 

Fig.  5  shows  a  recent  development  of  the  ordinary 
Sehiele  pump,  which  has  been  designed  with  the  object 
of  imparting  to  it  a  certain  degree  of  flexibility.  As  will 
be  seen,  it  differs  from  the  Leblanc  and  A.  E.  6.  types 


in  that  the  air  is  brought  into  contact  with  the  injection 
water  in  the  wheel  itself — somewhat  similar  to  the  Sehiele 
pumjj — both  passing  through  the  wheel  before  being 
ejected  through  a  simple  nozzle;  while  in  addition  the 
wheel  is  constituted  of  four  units,  each  being  provided 
with  a  nozzle,  and  provision  being  made  for  closing  any 
imit  as  desired,  it  enables  the  pump  to  run  with  whatever 
nimiber  of  units  arc  required  to  maintain  the  desired 
vacuum. 

While  it  is  probable  that  the  entrainment  type  of  rotary 
air  pump  may  be  further  developed,  its  ability  to  handle 
heavj-  air  leakage  only  by  the  use  of  considerable  power 
rather  handicaps  it  for  marine  work  at  present.  Fig.  6 
gives  a  representation  of  the  characteristic  performance 
of  a  modern  marine  rotary  air  pump  at  varying  air  leak- 
age, while  on  the  same  diagram  there  is  shown  the  per- 
formance of  a  direct-acting  pump.  As  regards  the  pro- 
portions of  the  two  pumps,  their  weights  are  identical, 
provided  no  allowance  is  made  for  the  cooler  and  tank 
necessary  for  the  rotary  air  jjump.     The  relative  steam 
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consumptions  of  the  two  pumps,   when  doing  the  duty 
shown  on  the  diagram,  is  as  follows : 

Direct-acting  pump 800  lb.  per  hr. 

Turbine-driven  rotary  pump .  . .   3500  lb.  per  hr. 

As  may  be  seen  from  the  diagram,  the  rotary  pump 
maintains  a  very  slightly  higher  vacuum  than  the  direct- 
acting  pump  at  small  leakages.  Init  rapidly  falls  off  at 
large  leakages. 

[That  portion  of  the  paper  devoted  to  feed-water  heat- 
ing and  feed  pumps  will  be  published  in  a  later  issue. — 
Editor.] 


Economizer  Explosion  at  Saylesville 


By  tlie  explosion  of  an  economizer  at  the  Glenlyon  Dye 
Works,  a  branch  of  the  Sayles  Bleachery,  Saylesville, 
E.  I.,  at  4  p.m.,  Tuesday.  Jan.  14,  two  men  were  killed 
and  seven  others  were  more  or  less  seriously  injured,  one 
probably  fatally.  One  section  of  the  boiler  house  and  the 
engine  room  were  demolished. 

A  brick  wall  divided  the  power  plant  into  two  boiler 
rooms.  In  one,  six  32o-hp.  water-tube  boilers  were  in- 
stalled, each  connecting  with  a  main  steam  header  run- 
ning the  length  of  the  boiler  room.  In  the  second  boiler 
room  there  were  four  72-in.  return-tubular  boilers.  A 
second  brick  wall,  at  right  angles  to  the  fir.st,  separated 
this  boiler  room  from  an  engine  room  in  which  there  was 


a  Corliss  engine,  directly  connected  to  a  generator.  The 
?3-in.  boilers  were  each  connected  by  a  6-in.  branch  pipe 
to  a  12-in.  header.  A  smoke  flue  extended  to  the  brick 
chimney,  entering  at  the  opening  shown  in  Fig.  1. 

Two  economizers,  side  by  side  on  an  I-beam  platform, 
supported  by  iron  columns,  were  next  to  the  partition 
wall.  Beneath  the  economizers  were  the  heater  and  boiler- 
room  auxiliaries.  The  smoke  flues  of  the  water-tube  boil- 
ers were  connected  to  the  economizers  after  passing 
through  the  brick  wall  between  the  two  boiler  rooms.  As 
the  economizers  were  in  the  boiler  room  containing  the 
return-tubular  boilers,  it  was  here  that  the  greatest  dam- 
age was  done. 
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At  the  time  of  the  explosion  only  one  of  the  two  econo- 
mizers was  in  service,  the  outside  one  being  cut  out  for 
some  slight  repairs.  When  the  working  economizer  ex- 
ploded it  demolished  the  second. 

So  severe  was  the  explosion  that  the  entire  end  of  the 
piower  house,  which  was  about  125  ft.  square,  and  30  ft. 
high  was  demolished,  the  roof  collapsing  in  a  tangled  mass 
over  the  small  boilers  and  debris.  Fragments  of  the  econo- 
mizers were  thrown  about  the  yard.    Part  of  the  chemical 


fered  most.  The  boiler  fronts  were  demolished,  and  the 
steam-pipe  connections  were  broken,  as  shown  in  Fig.  2. 
Happily  the  sudden  release  of  steam  from  these  boilers 
did  not  cause  a  second  explosion. 

Fig.  1  gives  an  idea  of  the  damage  done.  In  the  fore- 
ground are  parts  of  the  economizers,  smoke  flue  and  gen- 
eral debris.  The  partition  wall  between  the  two  boiler 
rooms  is  shown  back  of  the  150-ft.  chimney;  a  part  of  it 
was  blown  out.    The  chimney  was  only  slightly  damaged. 


Fig.  1.  General  View  of  the  Wrecked  Boiler  House,  Showing  Damage  Done  by  the  Explosion  of  an 

Economizer 
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Fig.  3.  Parts  of  the  Economizers 


laliorutory  at  tlic  rear  of  tlic  boiler  room  was  also  wreckc<l. 

As  both  economizers  were  blown  to  pieces,  the  one  in 
service  must  have  contained  a  large  amount  of  water  at 
a  high  temperature,  .\lthough  the  economizers  were  near- 
est the.water-tube  boilers,  the  dividing  wall  ]irotected  tiie 
latter  to  such  a  degree  tiiey  were  uninjured,  and  can  be 
put  into  service  at  any  time. 

As  the  force  of  the  explosion  was  directed  tnwnrd  the 
rcnirii-tiiludar  boilers,  that  ])art  of  the  power  plant  suf- 


The  waler-tubo  boilers  are  shown  at  the  right  of  the  ebiin- 
ney.  The  economizers  stood  on  the  platform  just  hack 
of  the  chimney,  Figs.  1,  2  and  4.  Some  of  the  larger  sec- 
tions of  the  economizer  are  shown  in  Figs.  2  and  3.  No 
jiarticular  section  appears  to  have  l)een  weaker  tlian  an- 
other; the  headers  were  badly  broken,  tlie  tubes  liroke 
ofE  in  the  header  in  some  instances,  just  outside  in  others, 
and  at  varying  lengths,  as  shown. 

Roiler-fpcd   water  was   pumjied    from   an   uprn   beater. 
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Fig.  i,  through  the  economizers;  therefore  the  latter 
would  be  under  boiler  pressure.  The  eause  of  the  acci- 
dent is  unknown.  A  number  of  experts  have  examined 
the  ruins,  but  can  give  no  authentic  information.  A  rep- 
resentative of  the  economizer  manufacturer  holds  to  the 
theory  that  gases  leaked  into  the  idle  economizer,  and  ex- 
ploded with  sufficient  force  to  rupture  the  working  unit, 
the  explosion  of  which  did  the  damage.  Both  were  con- 
nected to  a  single  smoke  flue  connected  with  the  chimncv. 


livered  the  dedication  oration,  and  in  ttie  course  of  liis  ad- 
dress  said; 

Monuments  throughout  the  world  have  generally  been 
erected  in  the  memory  of  military  or  naval  heroes,  and  have 
been  connected  with  the  spilling  of  blood.  This  shaft  has 
been  raised  for  a  nobler  purpose,  in  the  memory  of  one  "who 
devoted  his  whole  being  to  the  conserving  of  life  and  the 
betterment    of    the    condition    of    humanity. 

The  monument  is  9  ft.  in  height,  sarcophagus  in  form, 
with  a  representation  of  a  steam  gage  on  its  face,  the  indi- 
cator hand  pointing  to  50,  the  age  of  the  deceased  leader  of 
engineers. 


P'lG.  4.  ArxiLi.iRY  Ai'iwuATi  -   i  mm 
Platfokii 


EcOXOMIZER 


International  Refrigeration    Exposition 

It  has  been  previously  announced  that  during  the  third 
International  Congress  of  Refrigeration  at  Chicago  in  Sep- 
tember, 1913,  an  exposition  of  refrigeration  will  be  held. 
The  arrangements  are  perfected  and  the  association  thor- 
oughly organized  for  holding  this  exposition  in  the  amphi- 
theater at  Forty-second  and  Halsted  Sts.,  the  largest  build- 
ing of  its  kind  in  Chicago.  It  is  equipped  with  trackage 
connection  with  all  of  the  raiUvays  entering  the  city. 
Everything  pertaining  to  refrigeration  will  be  exhibited, 
cars,  machinery  of  all  sorts  in  active  operation,  fruits,  game, 
poultry,  meats,  vegetables,  eggs,  butter  and  cheese.  With 
the  500  or  600  delegates  from  Europe  and  South  American 
countries  and  kindred  conventions  of  American  ice  makers, 
meat  packers,  poultry,  game,  butter  and  egg  people  and 
others,  nothing  equaling  the  importance  of  this  exposition 
has  been  undertaken  since  the  World's  Fair,  says  the  com- 
mittee: 

The  officers  and  directors  are:  President  pro  tern.,  Wil- 
liam L.  Wagner;  vice-president,  Frank  L.  Nickerson;  gen- 
eral manager.  William  E.  Skinner,  with  office  at  819  Ex- 
change Ave.  Directors,  including  the  officers:  Theodore  O. 
Vilter,  John  S.  Field,  F.  S.  Pilsbry,  .■\rthur  Meeker,  H.  C. 
Gardner,  C.  M.  Secrist,  George  E.  Haskell,  A.  D.  White  and 
H.    W.   Hart. 


So  suddenl}-  did  the  explosion  occur  that  the  two  men 
who  were  killer  were  buried  under  fallen  bricks  and  gen- 
eral debris  where  they  stood.  The  body  of  fireman  Has- 
san Momoth  was  not  recovered  from  the  ruins  until  16 
hr.  after  the  accident,  although  search  for  the  body  was 
continued  throughout  the  night.  His  body  was  finally 
located  in  front  of  the  return-tubular  boilers.  August 
Blank,  a  piper,  the  other  man  killed,  was  found  pinned 
to  the  concrete  floor  of  the  boiler  room  by  a  piece  of  roof 
girder.  Death  in  both  cases  was  doubtless  instantaneous. 
Three  men  were  released  from  the  wreckage  in  about  20 
min.,  a  fourth,  an  ash  man,  was  found  in  about  an  hour, 
unconscious  and  in  a  critical  condition.  Of  the  ten  men 
in  the  power  plant  at  the  time  of  the  accident,  but  one 
escaped  uninjured.  He  was  standing  in  the  center  of 
the  boiler  room  near  the  heater  when  the  explosion  oc- 
curred. 

Both  Green  economizers  were  12  years  old.  The 
boilers  and  economizers  were  operated  as  they  had  been 
all  day.  They  were  insured  by  the  Hartford  Steam 
Boiler  Inspection  &  Insurance  Co.  It  is  not  known  just 
what  the  loss  will  be,  but  it  will  amount  to  several 
thousands  of  dollars.  It  is  doubtful  if  the  return-tubular 
boiler  wall  again  be  put  into  operation. 

Frank  B.  Monaghan's  Memory 
Honored 

In  the  presence  of  nearly  200  friends  and  associates,  in- 
cluding many  prominent  labor  officials,  a  monument  was  ded- 
icated on  Jan.  12.  at  Calvary  Cemetery.  Boston,  Mass..  to  the 
memory  of  Frank  B.  Monaghan.  organizer  and  a  former  pres- 
ident of  the  International  Union  of  Steam  Engineers.  Incle- 
ment weather  necessitated  an  early  adjournment  to  the  Re- 
vere House.  Boston,  where  the  exercises  were  continued  under 
shelter.  James  Duncan,  first  vice-president  of  the  American 
Federation  of  Labor  and  a  close  friend  of  Mr.  Monaghan.  de- 


The  National  District  Heating  Association  will  hold  its 
fifth  annual  convention  in  Indianapolis,  Ind.,  on  May  27-29. 
The  association  promises  a  program  of  unusual  benefit  and 
interest,    and    urges    a    large    attendance. 

A.  R.  Maujer.  Western  editor  of  "Power,"  and  a  member 
of  Illinois  No.  1,  lectured  before  the  Chicago  Association  of 
Stationary  Engineers  on  Wednesday  evening,  Jan.  15,  on 
"Proximate  Coal  Analysis  and  Its  Value  in  Power  Plant 
Economy."  The  lecture  was  demonstrated  with  actual  ap- 
paratus and  the  method  employed  clearly  illustrated.  This 
lecture  will  be  entered  in  the  national  prize  contest  for  the 
indicator  outfit  offered  by  the  National  Educational  Com- 
mittee. 


PERSONALS 


Manager  E.  Holcomb,  of  the  Consumers  Power  Co..  St. 
Paul,  Minn.,  has  been  elected  president  of  the  Minnesota  Elec- 
trical Association  for  1913. 

Staege  &  Bennett,  consulting  civil,  steam  and  electrical 
engineers,  "R'atertown,  N.  T.,  have  moved  their  offices  from 
the   Smith   Building   to    the    Charlebois    Building,    in    that   city. 

Charles  W.  Naylor  lectured  before  the  Armour  Institute 
Branch,  N.  A.  S.  E..  on  Jan.  15,  taking  as  his  subject  the 
Marshall  Field  power  plant,  of  which  he  is  the  chief  en- 
gineer. 

Herbert  E.  Stone  is  the  New  England  representative  of  the 
Pittsburgh  Piping  &  Equipment  Co..  piping  contractors,  en- 
gineers and  machinists,  with  offices  in  the  Equitable  Build- 
ing.   Boston.    Mass. 

Errata:  In  the  description  of  the  Worthington  Turbo 
Blowers  and  Compressors  in  the  Jan.  7  issue,  page  12,  a 
very  obvious  mistake  occurred.  A  turbo  compressor  re- 
ferred to  was  described  as  operating  against  a  pressure  of 
1000  lb.;  it  should  have  been  100  lb. 
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Plant  of  Packard  Motor  Car  Co. 


By  a.  11.  Maujek 


SYNOPSIS — Outline  of  the  rapid  growth  of  a  direct- 
current  plant  ivhich  in  1903  was  of  only  S50  lip.  capacittj 
and  today  has  SOOO  hp.  capacity  in  electric-generating 
equipment  alone.  The  SOOO-hp.  main  units,  at  the  time 
of  their  installation,  were  the  largest  ever  installed  for 
2-kO-volt  service. 

Designing  any  power  plant  usually  involves  certain 
problems  peculiar  to  it  alone  in  addition  to  the  general 
problems  common  to  all.  In  the  Packard  Motor  Com- 
panVs  plant  in  Detroit  the  special  problems  were  caused 
by  the  rate  at  which  the  demands  upon  it  have  increased. 
The  automobile  industry  is  an  unusual  one  because  of  its 
unprecedentedly  rapid  groi;\i:h.  The  Packard  works  rep- 
resent no  small  part  of  that  growth  and  every  second  year 
thus  far  has  seen  an  increase  in  the  capacity  of  the  pres- 
ent power  plant  equivalent  to  200  per  cent,  of  that  of 
the  original  installation. 


Two  McNaul  200-hp.  water-tube  boilers  equipped  with 
Detroit  automatic  stokers  supplied  the  steam.  The  plant 
also  contained  one  Blake  &  Knowles  underwriters  pump 
of  1000  gal.  per  minute  capacity  and  one  6x4x6-in.  Laid- 
law-Dunn-Gordon  duplex  boiler-feed  pump. 

In  the  following  year  another  200-hp.  McXaul  boiler, 
another  250-hp.  Ball  engine  and  a  Franklin  air  com- 
pressor of  350  cuit.  per  miu.  capacity  were  added  to  the 
equipment. 

A  year  later,  in  1905,  a  500-hp.  Ball  engine  was  in- 
stalled together  with  another  boiler,  another  feed  pump 
and  an  air  compressor  of  100  cu.ft.  per  min.  capacity.  By 
this  time  the  full  equipment  as  laid  out  in  the  original 
plans  was  in  operation  and  there  was  no  satisfactory  way 
in  which  to  increase  the  capacity  of  the  plant  or  make 
an  extension.  Consequently,  to  provide  for  the  rapidly 
occurring  increases  in  the  power  requirements,  an  entire- 
ly new  plant  was  laid  out. 

Present  Plant 

The  present  building  and  equipment  were  arranged  so 
that  they  could  be  erected  in  sections  as  the  load  grew. 
The  first  section,  which  is  the  boulevard  end  of  the  plant. 
M-as  finished  in  1S07.  The  plant  has  a  frontage  of  140 
ft.  and  the  first  section  was  about  77  ft.  deep.  The  first 
unit  to  be  installed  was  a  25  and  46  by  48-in.  horizontal 
cross-compound  Wisconsin-Corliss  engine  of  1500  hp.  ca 
pacity,  directly  connected  to  a  Western  Electric  dynamo 
generating  direct  current  at  240  volts.     From  this  it,  will 


Fig.  1.  Xew  Plant  ok  ihk  Packard  Motor  Car  Co.,  at  Detroit,  Mich. 


The  Packard  works  are  on  the  outskirts  of  the  city,  on 
East  Grand  Boulevard,  a  wide,  well  made  and  much  u.sed 
thorouglifare.  The  executive  offices  front  on  one  side 
of  the  boulevard  and  the  power  plant  stands  just  opposite. 
Because  of  the  conspicuous  location  of  the  plant  special 
attention  was  paid  to  the  external  finish  of  the  building; 
the  walls  are  faced  with  selected  hard-burned  red  brick 
and  trimmed  with  granite.  A  side  view  of  the  plant  is 
given  in  Fig.  1. 

Original  Plant 

The  original  plant,  built  and  put  into  operation  in 
1903,  was  modest  enough,  having  an  engine  room  but  50 
ft.  square,  which  contained  one  350-hp.  tandem-compound 
Ball  high-speed  engine  driving  a  direct-current  dynamo. 


be  seen  that  the  size  of  the  unit  had  been  increa.sed  con- 
siderably since  the  first  engine  in  the  original  plant  was 
installed  only  four  years  before.  It  will  be  seen  further 
that  the  size  was  to  be  increased  still  more,  for  when  the 
second  section  of  the  jjlant  was  erected  in  1908-9,  adding 
44  ft.  to  the  depth  of  the  building,  a  38  and  70  by  54- 
in.  C.  &  G.  Cooper  horizontal  cross-compound  Corliss  en- 
gine of  3000  hp.  capacity,  driving  another  Western  Elec- 
tric S40-volt  direct-current  dynamo  was  installed,  shown 
in  Fig.  2.  At  the  time  this  was  the  largest  direct-cur- 
rent unit  of  that  voltage  ever  installed  in  the  United 
States. 

Direct  current  was  adhered  to  because  it  is  easier  to 
operate  the  generators  in  parallel  and  variable-speeil 
motor  operation  was  considered  more  satisfactory  witl'i 
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direct  current  and  direct-current  motors  are  better  for 
machine-tool  work.  Then,  too,  the  ohl  equipment  througli- 
out  the  plant  was   arranged  for  direct  current  and  to 


faces  of  the  steel  blocks  contimie  to  remain  parallel  to 
each  other  up  to  the  time  release  takes  place.  This  paral- 
lel sliding  motion  of  the  block  faces  against  each  other, 


Fig.  2.  Birdseye  View  of  the  Cooper  Exgine 


chango  at  this  time  would  have  meant  complication   in 
system  and  equipment. 

Valve-gear  of  3o00-hp.  Exgine 
A  featiire  of  the  Cooper  engine  is  the  valve-gear  shown 
in  Fig.  3  and  known  as  the  Cooper  improved  gravity 
latch  gear.  The  points  to  commend  this  gear  are  its  noise- 
less operation,  simplicity  and  accessibility.  The  latch- 
ing or  hooking-up  operation  is  performed  by  a  pick-uj) 
]>iiinger,  through  the  action  of  gravity.  The  pick-up 
]iiunger  guide  block  has  an  auxiliary  spring  attachment 
which  can  be  brought  into  use  instantly  while  the  engine 
is  in  operation  to  assist  the  gravity-latching  action  of 
the  pick-up  plunger,  if  for  any  reason  its  gravity-latching 
action  should  become  sluggish. 

The  releasing  action  is  transmitted  from  the  governor 
cam,  through  the  roller  arm  and  lifting  bar,  to  the  pick- 
up plunger.  The  end  of  the  roller  arm  which  engages  the 
governor  earn,  is  always  in  rolling  contact  on  the  gov- 
ernor-cam ring.  The  opposite  end  of  the  roller  arm, 
when^  it  is  joined  to  the  lifting  bar,  has  an  adjustmeni 
for  changing  the  lap  of  the  steel  blocks,  if  any  oT  the 
block  edges  become  unduly  worn  or  accidentally  broke. i. 
The  engaging  faces  of  the  steel  block  on  the  pick-u]» 
])]ungor  and  the  steel  block  on  the  steam  crank  are  paral- 
lel, in  a  radial  line  extending  perpendicularly  from  the 
center  line  of  the  valve  .stem.  The  pick-up  plunger  main- 
tains this  same  radial  line  in  all  its  working  positions, 
due  to  its  fi.xcd  path  of  travel  in  the  pick-up  plunger 
guiric  Mock.     Therefore,  after  hooking  up.  the  engaging 


during  their  working  periods,  eliminates  a  common  source 
of  annoyance,  viz. :  the  rounding  off  of  the  block  edges. 
Owing  to  the  flexibility  of  the  pick-up  plunger,  its  block 
automatically  adjusts  itself  squarely  and  evenly  against 
the  block  on  the  steam  crank,  so  that  the  wear  on  tlie 
block  faces  is  luiiform. 

The  governor-cam  rings  are  on  the  inner  side  of  the 
licll  cranks.    This  construction  serves  as  an  extra  precau- 


FiG.  3.  Detail  ok  the  Cooper  Engine  Valve-gem; 

ti(in    to   ]n-otect   1he.sc    important   parts   from    acci<lcntiil 
injury. 

The  safetv  and  knock-off  cams  arc  conibincd   in   one 
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large  cam.  The  governor-cam  ring  is  formed  to  receive 
this  combined  cam  in  a  recessed  joint  and  in  addition,  a 
locknut  is  used  to  lock  the  cam  securely  in  place.  The 
object  of  combining  these  two  cams  in  one  larger  cam,  is 
to  provide  for  absolute  equalization  of  the  cutoiJ  in  each 
end  of  the  cylinder.  This  is  brought  about  in  the  final 
setting  of  the  valves,  when  it  is  only  necessary  to  shift 
the  combined  cam,  until  equal  points  of  cutoff  are  ob- 
tained. After  this  final  adjustment  has  been  made,  equal 
points  of  cutoff  will  be  maintained  under  all  conditions  of 
operation,  from  no  load  to  full  load.  This  adjustment 
feature  effects  a  marked  improvement  in  regulation  and 
economy,  when  the  engine  is  operating  under  variable 
load  conditions. 

The  vacuum  pots  are  of  the  piston  t}^pe,  sealed  with  oil 
grooves.  If  for  any  reason  they  should  fail  to  act,  the 
steam  crank  is  automatically  closed  by  the  mechanical 
engagement  of  the  bell  crank  asainst  it. 


Second  3000-hp.  Uxit 

In  1910  the  building  was  extended  44  ft.  farther  and 
a  second  3000-hp.  Cooper  engine,  a  duplicate  of  the  first, 
was  installed  to  drive  a  General  Electric  direct-current 
dynamo. 

Fig.  4  is  from  a  recent  photograph  of  the  engine  room, 
giving  a  view  from  the  boulevard  entrance.  The  1500-hp. 
Wisconsin-Corliss  engine  stands  at  the  extreme  left  and 
out  of  the  field  of  vision.  Xext  to  it  is  the  3000-cu.ft. 
compressor,  one  air  cylinder  of  which  can  be  discerned 
at  the  left  of  the  illustration.  To  the  right  are  the  two 
3000-hp.  Cooper  engines.  The  wall,  seen  at  the  end,  is 
a  temporary  one  of  wood,  waterproofed  on  the  outside.  It 
has  done  dutj'  for  each  successive  section  of  the  plant 
thus  far,  but  when  the  fourth  and  iinal  section  is  con- 
structed it  will  be  discarded  for  a  permanent  wall  in  keep- 
ing with  the  rest  of  the  building.  And  it  might  be  stated 
in   i>;i-^'^iiiLr  thnt   tho  rest  of  t!ic^  bnililinsr  is  particularly 
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In  1909  an  IngersoU-Raud  two-stage  air  compressor 
tandem  connected  to  a  Hooven-Owens-Rentschler  hori- 
zontal cross-compound  Corliss  engine  20x32x42  in.  in 
size,  was  also  installed.  This  unit  will  compress  3000 
cu.ft.  of  air  per  miu.  to  80  lb.  pressure  when  operating 
at  85  r.p.m.  The  air  cylinders  are  1914  and  321^,  in.  in 
diameter,  respectively. 

In  this  same  year  the  original  plant,  which  had  been 
kept  in  service  until  the  new  plant  was  far  enough  com- 
pleted to  take  over  the  entire  load,  was  dismantled.  Two 
of  the  boilers  from  this  plant  and  the  two  250-hp.  Ball 
engines,  together  with  the  necessary  piping,  the  stokers, 
feed-pump  and  feed-water  heater,  were  shipped  to  Xew 
York  City  and  installed  in  the  Packard  service  plant  at 
Astoria,  Long  Island. 


well  finished  and  well  kept.  As  the  chief  engineer,  Fred 
Willins,  expressed  it :  "We  are  proud  of  the  plant,  take 
good  care  of  it,  and  respect  it  in  every  way  as  the  heart 
of  a  big  institution  should  be  respected."  The  floor  is 
finished  in  white  tile  set  off  with  an  artistic  design  and 
border  of  colored  tile  and  a  high  wainscot  around  the 
wallsis  finished  in  ■white-enamel  brick,  as  also  are  the  ped- 
estals of  the  various  machines.  Large  windows  in  the 
front  and  side  walls  admit  plenty  of  light  and  insure 
good  ventilation. 

A  steel  and  glass  partition  divides  the  boiler  and  engine 
rooms  so  that,  although  no  light  is  cut  off  from  either 
during  any  part  of  the  day,  no  dust  or  dirt  stirred  up  in 
the  former  can  invade  the  latter.  Originally  numerous 
inclosed  arc  lamps,  hung  from  ornamental  brackets  from 
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the  building  columns  or  supported  on  special  poles,  pro- 
vided the  general  illumination  at  night,  while  clusters 
of  incandescent  lamps  furnished  light  where  concentra- 
tion   was    required.      Recently-,  however,  the  arc  lamps 


Fig.  .j.   The  Cexthal  (tAck  ISoakd 

have  been   supplanted   by   Coopei'-Hewitt   mercury-vapor 
lamps. 

Pumps 

Referring  to  Fig.  4,  the  pit  in  the  foreground  contains 
the  three  boiler-feed  pumps,  the  pumps  fpr  the  heating 
returns  and  for  the  hot-water  service  throughout  the 
building.  The  feed  pumps  are  a  Worthingtou  outside 
center-packed  horizontal  duplex.  17x10x15  in.  in  size,  and 
two  Fairljanks-Morse  18xl3xl8-in.  ]nunps  of  the  same 
type.  The  feed-water  main,  8  in.  in  diameter,  is  in  dujili- 
cate;  one  main  feeds  into  the  upper  drums  of  tiie  boil- 
ers and  one  into  the  lower. 

The  hot-water  sujiply  fur  llir  \ariiiiis  buililings  is 
lumdled  by  either  of  two  Bbike-Kiiowles  <luplcx  ^  i/o^-"'-^''' 
in.  pumps.  The  suction  connects  with  the  feed-water 
beater,  and  the  discbarge  with  the  4-in.  sup])ly  main 
which  serves  all  of  the  various  buildings.  A  li/^-in.  re- 
turn pipe  also  connects  with  the  lieater  .so  that  the  water 
may  be  circulated  and  a  constant  sii]iply  of  iiiiifoniily 
hot  water  is  thiirefore  instantly  available  at  all  points. 

The  returns  from  the  heating  system  flow  back  by  gra\ 
ity  to  a  return  tank  in  the  jtum])  ])it  from  which  they  arc 
lifted  to  the  beater  30  ft.  above  by  cither  a  Marsh 
18x1 8x1 2-in.  outside  center-i)ackcd  duplex  pump  or  a 
Weinman  Machine  Co.  pumji  of  the  same  time  and  size. 
The  feed-water  lieater  is  on  the  engine-room  side  of  the 
partition  close  to  the  pump  pit.  Tt  is  a  Cochrniie;  when 
it  was  installed  at  the  time  the  present  ])lant  was  creeled 
its  capacity  was  3t)flO  hp. ;  this  was  iucreiiscd  Inter  to  'MX) 


by   raising  the  top   section   and   inserting   an   additional 
section. 

The  air  compressor  on  the  basement  floor,  as  shown  in 
Fig.  4,  is  the  one  of  1000  cu.ft.  capacity  taken  from  the 
old  power  plant  when  the  latter  was  dismantled,  and  is 
installed  in  the  new  plant  for  emergency  use.  The  engine, 
which  may  be  seen  just  above  it  on  the  main  floor,  is  the 
.500-hp.  Ball  engine,  also  taken  from  the  old  plant  and 
employed  iu  the  new  one  for  carrying  the  light  and  power 
load  during  the  noon  hour  and  at  other  times  when  thfe 
i-erpiirements  are  especially  small. 

Gagk  Board  and  Switchboard  Arraxgements 

Conveniently  near  the  chief  engineer's  office  is  the  cen- 
tral gage  iioard,  shown  in  Fig^  5,  the  equipment  of  which 
is  unusually  complete.  The  following  pressures  are  shown: 
main  steam  header,  fire-pump  steam  main,  various  engine 
receivers,  compressed  air,  heating  system,  fire-pump  dis- 
charge, intercooler  and  receiver  of  air  compressor,  city 
water  and  hot-water  supply  pressure.  In  addition,  the 
board  carries  a  recording  voltmeter  and  a  recording  watt- 
meter. 

Perhaps  the  feature  that  strikes  a  visitor  to  this  ]ilant 
the  most  forcibly  is  the  absence  of  a  general  switchboard. 
Just  back  of  each  generator  is  a  single  panel  on  which 
are  mounted  the  main  switch,  the  circuit-breakers,  the 
rheostat  handles,  and  the  ammeter  and  voltmeter  for  that 
particular  unit.  As  for  the  feeder  switches,  instruments, 
etc..  there  are  none,  nor  are  any  strictly  necessary. 

Boiler  Room 

In  the  boiler  room.  Fig.  6,  are  11  Wickes  vertical  water- 
tube  boilers,  each  of  400  hp.  rated  capacity,  equipped  with 


Fio.  6.    \n:\\   rx   iiik  Boii,i:h  Room 

standard  Miii'iiby  anloniiil  ir  smokeless  fiii-naces.  The 
steam  jircssiire  is  carried  at  150  lb.  gage.  An  underground 
briek-linerl  flue  connects  the  boilers  with  a  radial-brick 
chimney  175  ft.  high  and  1'.^  ft.  in  inside  diameter,    foal 
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is  fed  to  the  furnaces  by  gravity  from  an  overhead  sus- 
pended tj-pe  of  sheet-iron  bunker.  The  ashes  drop  through 
a  hopper  in  the  bottom  of  the  ashpit  into  wheelljarrows 
in  which  they  are  carried  to  a  bucket-elevator  conveyor 
which  lifts  tliem  to  such  a  height  that  they  may  be  dis- 
charged through  a  chute  into  cars  on  the  railroad  sid- 
ing which  lies  alongside  the  boiler  house. 

A  Sarco  and  a  Precision  Instrument  Co.  automatic  flue- 
gas  machine  are  so  arranged  that  samples  of  the  gas  may 
be  drawn  from  the  chimney,  the  fliue  or  from  any  boiler. 

Coal  Storage  axd  Haxdlixg 

The  coal  is  stored  in  a  concrete  bin,  as  shown  in  Fig. 
1.  This  bin  is  140  ft.  long  by  74  ft.  wide  and  is  20  ft. 
high  from  the  ground  line.  Its  capacity  when  filled  by 
the  coal-handling  apparatus  alone  is  4000  tons  and  when 
trimmed  by  hand,  5000  tons.  The  coal  is  delivered  in 
hopper-bottom  ears  on  the  siding  alongside  of  the  bin. 
From  these  it  is  dumped  into  a  receiving  hopper  between 
the  rails  and  fed  to  a  conveyor  which  carries  it  to  the 
crushers  which  are  in  the  same  pit  as  the  receiving  hop- 
per. A  bucket  elevator  raises  the  crushed  coal  to  the 
overhead  conveyor  level.    If  the  coal  is  required  for  im-  ^ 


ported  on  brackets  on  the  building  columns  about  26  ft. 
above  the  floor  level.  The  8-in.  main  leads  from  the 
boilers  come  through  the  partition  about  14  ft.  higher  up 
and  drop  down  to  the  header  with  long-radius  bends.  The 
leads  to  the  main  engines  drop  straight  down  to  a  steam 
separator  just  below  the  engine-room  floor  level  and  then 
extend  across  under  the  floor  to  the  engine. 

The  main  header  for  the  third  and  fourth  sections,  also 
16  in.  in  diameter,  lies  along  the  basement  floor.  The 
leads  from  the  boilers  are  brought  over  in  a  semicircle 
16  ft.  6  in.  in  diameter  and  make  a  vertical  drop  of  39 
ft.  to  the  header.  The  lead  to  each  engine  extends  un- 
der the  engine-room  floor  to  a  steam  separator  near  the 
engine  from  which  connection  is  made  direct  to  the  throt- 
tle. The  two  sections  of  the  main  header  are  connected 
with  a  12-in.  line  controlled  by  a  gate  valve  so  that  thej' 
may  be  isolated  at  will.  Extra-heavy  pipe  with  Van  Stone 
joints  is  employed  throughout. 

An  auxiliary  header  10  in.  in  diameter  and  fed  by  sep- 
arate 41/2-iii-  leads  from  the  boilers  runs  the  entire  length 
of  the  plant  on  the  engine-room  side  of  the  partition  sup- 
ported on  brackets  27  ft.  above  the  engine-room  floor  line. 
In  addition  to  supplying  all  the  auxiliaries,  this  header 


Fig. 
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mediate  use  it  is  fed  to  the  conveyor,  wliich  may  be  seen 
extending  into  the  boiler  house  in  Fig.  1.  This  is  a  screw 
conveyor;  a  long  spiral  blade  fitted  into  a  trough . forces 
the  coal  along  until  the  outlets  at  various  points  in  the 
overhead  boiler-room  bunker  are  reached.  This  bunker 
is  154  ft.  long  and  has  a  capacity  of  seven  tons  per  lineal 
foot.  If  the  coal  is  to  be  stored,  it  is  fed  to  two  over- 
head bin  conveyors,  also  of  the  screw  type,  and  distributed 
evenly  in  the  storage  bin.  A  brick  arch  tunnel  along 
the  center  of  the  bottom  of  the  bin  contains  a  conveyor 
which  delivers  the  coal  to  the  bucket  elevator.  This  in 
turn  delivers  it  to  the  boiler-house  conveyor.  Fig.  7, 
which  is  a  view  of  the  bin  before  it  was  completed,  shows 
the  return-conveyor  tunnel  with  the  openings  in  its  side 
for  receiving  the  coal. 

PiPIXG 

A  main  header,  16  in.  in  diameter,  runs  the  length  of 
the  first  and  second  sections  of  the  engine  room,  sup- 


furnishes  all  the  high-pressure  steam  required  throughout 
the  works. 

A  second  auxiliary  header,  8  in.  in  diameter,  connects 
with  the  two  fire  pumps  and  the  fire  whistle  only.  These 
pumps  are  a  Blake-Knowles  underwriters  of  1000  gal. 
per  min.  capacity  and  a  Fairbanks-Morse  underwriters 
of  1500  gal.  capacity.  They  are  in  the  basement  on  the 
east  side  of  the  plant.  A  cross-connection  between  this 
fire-pump  header  and  the  10-in.  header  allows  connecting 
the  two  together  if  necessary. 

The  exhaust  from  the  main  units  is  collected  in  one 
main  exhaust  header,  which  varies  in  size  from  18  to 
26  in.  From  this  two  16-in.  leads  are  taken  off  for  the 
heating  system  and  run  through  the  two  main  tunnels.  A 
10-in.  connection  supplies  the  feed-water  heater.  The  ex- 
haust from  the  auxiliaries  is  received  by  an  S-in.  header 
which  connects  directly  with  the  heater. 

A  6-iu.  connection  between  the  10-in.  auxiliary  steam 
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header  and  the  exhaust-steam  heating  main  supplies  live 
steam  through  a  pressure-reducing  valve  whenever  there 
is  a  deficiency  of  exhaust  steam. 

TrxxELs 

Tunnels  are  employed  for  distrilnitiug  electricity,  com- 
pressed air,  hot  and  cold  water,  high-pressure  steam  and 
exhaust  steam  to  the  27  buildings  throughout  the  works, 
the  combined  floor  s])ace  of  which  amounts  to  over  37 
acres.  One  main  tunnel,  Fig.  8,  runs  directly  north  1500 
ft.     It  is  built  of  brick  and  is  8  ft.  wide  by's  ft.  high. 

When  passing  under  the  public  street  the  tunnel  is  12 
ft.  below  grade,  as  required  by  law ;  on  Packard  property 
it  rises  to  1  ft.  below.  Another  main  tunnel  of  the 
same  size  and  construction  runs  south  1100  ft.  Smaller 
branch  tunnels  extend"  out  from  the  main  ones  to  serve 
those  buildings  which  are  not  in  direct  line.  Branch 
lines  from  the  various  air.  steam  and  water  mains  extend 


into  each  building  and  a  main  electric  feeder  or  a  tap 
extends  to  a  distributing  panel  in  the  basement. 

Auxiliary  Boiler  Plants 

In  the  drop-forge  department,  which  is  remote  from  the 
power  plant,  there  are  two  400-hp.  Wickes  vertical  boilers 
equijiped  with  Murphy  furnaces  and  a  Cochrane  heater. 
These  supply  steam  at  140  lb.  pressure  for  the  steam  ham- 
mers ;  the  exhaust  is  used  for  heating  the  forge  and  foun- 
dry buildings. 

In  a  separate  house  is  a  2()()-hp.  McXaul  boiler  which 
generates  steam  at  250  lb.  pressure  for  heating  some 
enameling  ovens.  This  boiler  is  fired  by  hand  with  wood, 
rags,  waste  and  other  combustible  refuse  from  the  works. 

F.  F.  Van  Tuyl,  Detroit,  Mich.,  is  the  consulting  en- 
gineer for  the  Packard  company,  under  whose  supervision 
the  plant  was  designed  and  erected.  We  are  indebted  to 
him  for  assistance  in  preparing  tlie  foregoing  description. 


Oil  Fuel  for  Destroyers  and  Battleships* 


SYXOPSIS — Advaniages  and  disadvanfages  of  oil  as 
fuel.  Its  evaporative  and  thermal  value  as  compared  with 
coal. 

In  deciding  to  adopt  oil  fuel  for  use  on  battleships  and 
destroyers,  the  Na\7'  Department  took  info  account  the 
following  advantages  which  would  be  gained  by  its  adop- 
tion: 

1.  Less  fuel  required  for  any  given  radius  of  action, 
consequently  less  percentage  of  displacement  and  less 
bunker  capacity  required  for  the  fuel. 

2.  Increased  boiler  efficiencies. 

3.  Decreased  fireroom  force. 

4.  Less  deterioration  of  boilers  due  to  maintenance  of 
more  even  temperatures. 

5.  A'bility  to  maintain  high  powers  for  indefinite 
periods. 

6.  Less  deterioration  of  sliip's  structure  due  to  there 
being  no  water  or  ashes  in  the  bilges. 

7.  Greater  cleanliness. 

8.  Greater  ease  in  replenishing  fuel  supply,  both  in 
pfirt  and  at  sea. 

!<.  Less  floor  space  rerpiired  for  (lie  <l('voiopiiient  of  a 
given  power. 

10.    Greater  ease  in  control  of  steam  supply. 

In  opposition  to  these  undoubted  advantages  the  follow- 
ing disadvantages  exist: 

1.  Fuel  oil  less  widely  distributed  over  the  earth  than 
coal. 

2.  Greater  unit  cost  than  coal. 

3.  Greater  danger  of  fire  than  with  coal. 

The  reply  to  the  first  disadvantage  is  that  in  time  of 
war  a  fleet  operating  far  from  a  base  would  depend  upon 
fuel  ships  for  replenishing  her  bunkers,  and  that  oil  can 
be  carried  in  bulk  as  well  as  coal,  and  bases  where  stores 
of  oil  can  be  kept  on  hand  are  as  easily  establislied  as  are 
bases  for  coal,  and  such  oil  bases  would  have,  in  case  of 
danger  of  capture  by  an  enemy,  the  additional  advantage 
of  being  much  more,  readily  destroyed,  togetlier  witli  their 
stores  of  fuel,  than  are  coal  bases. 


The  second  disadvantage,  that  of  excess  cost  over  coal, 
is  more  than  compensated  for  by  the  quoted  advantages. 

The  third  disadvantage,  that  of  danger  from  fire,  is 
very  thoroughly  guarded  against  by  storing  the  oil  in 
compartments  remote  from  the  boiler  rooms,  and  situ- 
ated well  below  the  water-line  of  the  vessel.  In  addition 
to  these  primary  precautions,  additional  safeguards  are 
provided  which  render  the  danger  from  fire  fully  as  re' 
mote  as  the  danger  from  magazine  explosions. 

Upon  deciding  upon  the  adoption  of  oil  as  a  fuel  for 
the  naval  service,  the  Bureau  of  Steam  Engineering  ex- 
amined carefully  all  the  systems  for  burning  oil  that 
now  exist  and  finally  decided  upon  that  of  mechanical 
atomization  of  the  oil  as  the  one  most  suitable  for  naval 
use.  In  this  system,  the  oil  is  pumped  through  heaters 
to  the  burners,  within  which  it  is  given  a  whirling  mo- 
tion. The  small  central  core  of  oil,  discharging  through 
the  tip  orifice  with  this  whirling  motion,  the  oil  flies  ofl' 
and  forms  a  cone  of  fine  mist.  This  oil  mist  mixes 
thoroughly  in  the  furnace  with  air  which  passes  into  the 
furnace  through  a  cone  register  surrounding  the  burner, 
the  register  having  adjustable  openings  and  guide  vanes 
so  that  the  amount  of  air  to  each  burner  may  be  regu- 
lated and  the  direction  of  flow  of  this  air  be  slightly 
obli(|ue  to  the  axis  of  the  cone  of  oil. 

The  success  of  the  system  depends  almost  entirely  upon 
the  ]iroper  handling  of  the  air.  Improper  air  regulation 
will  produce  a  series  of  rapid  explosions  of  oil  in  the 
furnaces  with  consequent  destruction  of  the  brick  linings 
of  the  furnaces.  With  ju-oper  lumdlinsr,  the  oil  burns 
almost  noiselessly,  .-ind  the  aiiiounl  of  ^nioke  produced 
can  be  held  absolutely  under  control. 

In  the  first  battlesliips  fitted  for  oil  fuel,  the  oil  was 
only  intended  as  an  auxiliary  fuel  to  be  used  as  an  aid 
in  keeping  up  steam  when  the  coal  should  be  so  low  as 
to  he  remote  from  the  firerooms  and  so  require  excessive 
trimming.  The  results  obtained  vvitli  this  mixed  sys- 
tem were  not  good,  a.s  the  furnace  volumes  of  coal-burn- 
ing boilers  are  too  small  to  permit  efTicient  burning  of 
oil.  Furthermore,  when  burning  the  oil  and  coal  in 
combination  it  is  imi>ossible  to  so  regulate  the  air  Supply 
that  each  fuel  will  obtain  the  proper  amount.     This  re- 
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suits  in  excessive  production  of  smoke  and  no  increase 
in  steam  production  over  coal  alone. 

To  illustrate  the  value  of  oil  when  used  as  the  sole  fuel 
as  compared  with  coal  the  accompanying  chart  has  been 
prepared.    The  two  fuels  were  tried  under  the  same  boiler, 
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Ev.\PoiiATiox  WITH  Coal  and  Oil 

the  grates  being  removed  after  the  coal  trials  and  the 
fronts  rearranged  to  accommodate  the  burners  and  air 
cones. 


To  compare  the  relative  values  from  this  chart,  let  a 
ratio  of  heating  surface  to  grate  surface  of  40  to  1  be  as- 
sumed and  a  rate  combustion  of  40  lb.  of  coal  per  square 
foot  of  grate  be  taken,  the  coal  having  a  thermal  value  of 
14,500  B.t.u.  per  lb.  This  rate  per  square  foot  of  grate 
gives  one  pound  of  coal  per  square  foot  of  heating  surface 
per  hour  and  a  supply  to  the  furnace  of  14,500  B.t.u.  per 
square  foot  of  heating  surface  per  hour. 

From  the  chart  where  this  value  of  B.t.u.  per  hour  per 
unit  of  heating  surface  is  supplied  to  the  boiler  in  the 
form  of  coal,  the  consequent  evaporation  from  and  at  213 
deg.  F.  per  square  foot  of  heating  surface  will  be  10.8  lb. 
of  water.  Should  this  same  amount  of  B.t.u.,  14,500,  have 
been  introduced  into  the  furnace  in  the  form  of  oil  fuel, 
the  resultant  evaporation  would  have  been  11.72  lb.  of 
water. 

One  pound  of  oil,  however,  may  be  rated  at  a  thermal 
value  of  19,300  B.t.u.,  therefore  the  total  evaporation  per 
pound  of  oil  would  be 

19,200 

^^^^X  11.72  =  15.519  /S. 

pgainst  10.8  lb.  per  lb.  of  coal,  a  ratio  of  1.437  :  1,  while, 
if  tlie  thermal  values  of  the  fuels  be  compared,  the  ratio 
is  1.324  :  1. 

The  difEerence  between  these  ratios,  iu  favor  of  actual 
evaporative  results,  is  caused  by  the  elimination  of  all 
grate  losses  and  losses  due  to  sooting  up  of  heating  sur- 
faces when  oil  is  \ised. 


Feed  Water  Heating  and  Pumping 


SYNOPSIS— Types  and  location  of  heaters.  soiirri>.'<  of 
.vteam  and  typical  layouts.  Single  direct-acting  feed 
pumps  have  become  the  standard.  A  comparison  in 
steam  consumption  and  weight  of  direct-acting  and  rotary 
pnmps. 

In  the  last  25  years  the  development  in  marine  feed- 
water  heating  has  merely  consisted  in  the  adaptation  of 
design  to  suit  the  conditions  imposed  by  varying  require- 
ments for  different  classes  of  vessels.  As  regards  types 
of  feed  heater,  there  are  only  two,  direct  contact  and  sur- 
face. There  are  also  two  locations,  the  first  being  on 
the  suction  side  and  the  second  on  the  discharge  side  of 
the  feed  pump.  The  heating  steam  may  be  obtained  from 
two  sources,  auxiliary-exhaust  and  receiver  steam,  and  on 
these  six  variants  many  diifereut  arrangements  have  been 
devised. 

Broadly  speaking,  direct-contact  heaters  should  be,  and 
generally  are,  of  universal  adoption,  on  account  of  their 
simplicity  and  of  the  outstanding  advantage  of  their 
ability  to  eliminate  the  corrosive  gases  from  the  feed 
water.  Their  imiversal  adoption  is,  however,  controlled 
in  lighter  draft  vessels  and  in  warships,  by  the  necessity 
of  placing  them  high  up  in  the  ship,  and  also  to  a  slight 
extent  by  a  disinclination  to  mix  auxiliary  exhausts  di- 
rect with  the  main  feed  on  account  of  the  suspected  boiler 
troubles  due  to  oil.  In  large  ships  where  the  exhaust  of 
.single  auxiliaries,  such  as  electric-light  engines  of  con- 
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sideraljle  power,  do  contain  oil  in  a  cuusideralile  amount, 
this  argument  is  tenable,  but  when  it  is  considered  that 
almost  5000  vessels  are  now  rixnning  satisfactorily  with 
direct-contact  heaters,  many  of  them  25  years  old,  and  in 
addition  that  there  are  probably  more  cases  of  trouble 
with  oil  in  boilers  on  vessels  without  direct-contact  heat- 
ers, than  with  them,  some  other  explanation  must  be 
looked  for  in  connection  with  this  difficulty. 

As  regards  location,  direct-contact  heaters  are  neces- 
sarily always  on  the  suction  side  of  the  feed  pumps,  while 
surface  heaters  are  most  frequently  arranged  on  the  dis- 
charge side,  although  not  necessarily  so.  A  discharge 
surface  feed-water  heater  offers  the  only  method  of  ob- 
taining very  high  degrees  of  feed  heating  over,  say,  330 
deg.  F. 

As  regards  the  source  of  heating  steam,  the  essential 
principle  is  to  use,  in  the  fir.st  place,  all  the  auxiliary  ex- 
hausts and  then  supplement  from  the  low-pressure  re- 
ceiver. In  earlier  days  the  proportion  of  auxiliary  ex- 
hausts to  the  main  feed  quantity  was  low,  now  it  lias 
greatly  increased.  In  ordinary  cargo  steamers  these  ex- 
hausts will,  on  the  average,  heat  the  feed  water  through 
a  range  of  about  70  deg.  P.,  and  in  some  passenger 
steamers  through  a  range  of  90  deg.,  while  in  turbine 
vessels,  and'  especially  combination  vessels,  the  range  is 
rendered  much  higher  on  account  of  the  increased  effi- 
ciency of  the  main  installation  as  compared  with  recipro- 
cating installations,  and  also  by  the  additional  steam  re- 
quired for  independent  air  and  very  large  circulating 
pumps,  together  with  the  provision  of  oil-lubricating  and 
water-service  pumps.     These  represent  increases  on  the 
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auxiliary  exhaust  supply,  while  for  the  same  power  the 
main  feed  water  itself  is  decreased. 

Diagrammatic  sketches  of  two  representative  systems 
were  shown.  The  first  was  specially  applicable  to  vessels 
fitted  with  large  electric-light  installations  where  the  gen- 
erators are  driven  by  reciprocating  engines  of  which  the 
exhaust  steam  contains  a  certain  proportion  of  oil,  and 
where  it  is  not  generally  advisable  to  lead  the  exhausts 
from  such  engines  into  the  same  exhaust  pipe  as  the 
other  auxiliaries  on  aecouiit  of  the  fluctuations  in  pres- 
sure. "Dual"  air  pumps  deliver  to  a  hotwell  tank,  from 
which  an  independent  hotwell  pump  draws  the  water  and 
delivers  through  a  low-pressure  surface  feed  heater  to  a 
direct-contact  heater.  The  main  feed  pumps  then  draw 
from  the  direct-contact  heater  and  deliver  to  the  boilers 
through  the  main  or  auxiliary  pipes.  The  supply  of  heat- 
ing steam  to  the  surface  heater  is  the  exhaust  from  the 
high-speed  reciprocating  engines  driving  the  electric  gen- 
erators, and  the  condensed  drain  water  from  this  heater 
passes  through  a  gravitation  filter  to  the  hotwell  tank. 
The  heating  steam  to  the  direct-contact  heater  is  all 
auxiliary  exhaust  steam,  with  the  exception  of  the  ex- 
haust from  the  generator  sets  already  mentioned. 

The  second  diagram  illustrated  an  arrangement  for 
large  vessels  where  it  is  desired  to  separatel)'  filter  the 
whole  of  the  condensed  auxiliary  exhaust  steam  before 
mixing  it  with  the  main  feed  .supply.  The  installation 
consists  of  two  or  more  pairs  of  feed  pumps,  air  pumps, 
with  attached  hotwell  pumps,  low-pressure  surface  feed- 
water  heater  and  high-pressure  feed-water  heater.  The 
air  pumps  discharge  into  a  self-contained  hotwell,  from 
which  the  hotwell  pumps  draw  and  deliver  through  a 
low-pressure  heater  to  a  float  tank.  The  main  feed  pumps 
draw  from  the  float  tank  in  which  is  contained  their. con- 


on  some  recent  large  war  vessels  in  which  feed  heating  is 
done  in  two  stages.  In  a  small  direct-contact  heater  of 
light  weight  fitted  to  the  feed  tank,  the  feed  is  raised  in 
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For  Direct-Ac+ing  Pump,  Double  Stroke  per  Minu+e 
fteJtn,  For  Rotary  Pomp.  Similar  Variations  in  Capacity  at 
Constan+  Speed 

Fig.  2.    Steam  Consumptiox  of  Feed  Pdmps 

temperature  by  contact  with  auxiliary  exhaust  steam  to 
about  140  deg.  F.  It  is  then  heated  to  over  200  deg. 
F.,  also  by  avixiliarv  exhaust  steam  in  small  surface  feed 
heaters  placed  in  the  stokeholds  and  fitted  on  the  feed 
discharge  pipes.    The  preliminary  heating  enables  a  great 


A  uxiliary  Cxhausf  Main  from 
o  ther  Stokeholds ' ' ;, 


r<Mvt,  ENGINE      ROOM  I*'"  BOILER  ROOM 


Fro.  1.    Feed  He.vtint,  Done  in  Two  St.'vges 


trol  gear,  and  deliver  to  the  boilers  through  the  feed- 
water  heater,    or   through   the   auxiliary   feed   pipe. 

In  this  arrangement  the  electric-engine  exiiau.sts  are  led 
to  the  low-pressure  heater  and  the  remainder  of  tlie  ex- 
hausts to  the  high-pressure  feed  heater.  A  pressure  uj)  to 
1.5  lb.  may  be  maintained  in  the  auxiliary  exhaust  jjipes 
and  thus  make  it  possible  to  heat  the  feed  water  through 
M  greater  range. 

A  third  sketch.  Fig.  1,  showed  (lie  arriingcincnl   used 


reduction  to  be  made  in  the  size  and  weight  of  the  high- 
pre.ssure  heaters. 

IxnEPENDENT  FkEI)  PuMPS 

A  detailed  history  <>f  the  development  of  the  inde- 
pendent feed  pump  would  be  largely  a  recital  of  endless 
experiment  with  and  investigation  of  mechanical  details. 
The  difficulty  of  regulating  a  crank-driven  machine,  to- 
gether with  the  great  and  variable  stresses,  rendered  this 
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type  quite  inapplicable  for  high-pressure  boiler  feeding. 
Stroke  variation  and  high  steam  consumption,  together 
with  the  multiplication  of  parts,  similarly  handicap  the 
duplex  type.  Accordingly  the  single  direct-acting  pump 
has  become  the  standard,  and  when  arranged  in  con- 
junction with  feed  heater  or  tank  float  control,  this  type 
has  become  universal  in  its  use. 

The  general  and  even  the  detail  design  of  the  pump 
ends,  which  at  one  time  varied  mainly  in  their  degrees  of 
inefficiency,  has  now  become  standardized  by  almost  all 
makers  adopting  the  same  design,  and  the  remaining  dif- 
ference of  the  many  types,  apart  from  workmanship  and 
material,  lies  in  the  steam  distribution  valves. 

A  point  of  interest  in  direct-acting  feed  pumps  is  the 
steam  consumption  at  varying  .speeds  and  boiler  pressures. 
Fig.  2  shows  a  set  of  curves  which  represent  neither  the 
best  nor  the  worst  performances,  but  which  can  be  taken 
as  representative  of  actual  every-day  practice. 

During  recent  years  a  certain  amount  of  experimental 
work  has  been  carried  out  with  rotary  feed  pumps  of 
the  centrifugal  type,  and  on  the  Continent  a  number  of 
these  have  been  installed  in  electric  power  stations.  The 
application  of  this  type  of  pump  to  marine  use  is  of  great 
interest,  and  it  is  rather  unfortunate  that  the  bulk  of  the 
experience  obtained  on  shore  has  been  with  electrically 
driven  centrifugal  pumps.  If  it  were  possible,  or  even 
prudent,  to  drive  marine  feed  pumps  by  electric  motors. 


then  it  is  believed  their  adoption  would  be  rapid  on  ac- 
count of  the  properties  of  the  electric  motor  as  regards 
nonvariation  in  speed,  and  in  this  connection  it  is  more 
than  questionable  whether  electrically  driven  feed  pumps 
constitute  good  practice  even  for  electric  power  stations. 
On  board  ship  the  feed  pumps  should  be  driven  in  every 
case  by  the  same  .source  of  power  that  actuates  the  main 
machinery,  and  this  at  once  involves  the  adoption  of  either 
a  rotary  steam  engine  or  a  steam  turbine  in  conjunction 
with  the  centrifugal  pump. 

On  the  steam-consumption  diagram   for  direct-acting 
pumps,  there  is  -also  shown  the  performance  of  the  tur- 

COMPAR.iTIVE  WEIGHTS  OF  INDEPENDENT  FEED  PUMPS 

Feed  Pipe  Pres-  Weight  of  Pump 

sure,  lb.  per  per  Hp.  of  Main 

Class  of  Vessel                                                           sq.in.  Engines 

Cargo  vessel 210  0.74 

Mail  steamer 210  0.72 

Channel  steamer 210  0.665 

Battleship 283  0.64 

Destroyer 285  0.43 

Weir  "Rotofeed"  Pump 28.5  0.14 

bine-driven  type,  and  as  will  be  seen,  this  type  is  con- 
siderably less  economical.  In  the  future  this  feature 
may  be  improved,  while  as  a  counterbalancing  advantage 
for  certain  conditions  the  weight  comparison  is  given  in 
the  accompanying  table,  which  shows  the  relative  weights 
of  direct-acting  pumps  for  different  classes  of  vessels,  and 
discloses  a  very  large  possible  reduction  by  the  rotary 
puni]). 


Guarantees   on   Steam   Generating  Units 


By  T.  a.   Peebles 


SYNOPSIS — The  usual  metliod  of  guaranteeing  hoiler 
equipment  upon  the  performance  of  the  whole  unit  is  un- 
satisfactory, for  in  case  of  failure  to  meet  the  guarantees 
it  is  difficult  to  fix  the  responsibility  heiween  the  hoiler. 
stol-er,  economizer,  draft  apparatus,  etc.  To  obviate  this 
the  heat  balance  is  recommended. 

The  purchaser  of  power-plant  equipment  wants  to 
know  what  the  manufacturer  will  guarantee  his  apparatus 
to  do  in  actual  service  and  contracts  often  contain  guar- 
antees of  capacity,  efficiency  and  repairs.  Acceptance 
tests  are  run  soon  after  the  apparatus  is  put  into  oper- 
ation and  the  final  payment  on  the  purchase  price  de- 
pends upon  the  outcome  of  these  tests. 

The  engine  or  turbine  builder  guarantees  a  certain  ca- 
pacity and  water  rate  under  stated  conditions  of  steam 
pressure,  moisture  or  suj>erheat  in  the  steam,  and  ex- 
haust pressure.  The  generator  man  also  has  a  definite 
basis  upon  which  his  guarantee  is  made  and  a  fair  de- 
gree of  accuracy  can  be  secured  on  tests. 

In  the  boiler  room,  the  problem  is  much  more  com- 
plicated and  the  large  number  of  variables  in  connec- 
tion with  the  boiler  test  renders  it  more  difficult  to  se- 
cure accurate  results.  In  a  modern  plant,  the  steam- 
generating  unit  consists  of  a  boiler,  stoker,  draft  appa- 
ratus, and  probably  superheater  and  economizer.  Under 
the  present  method  of  basing  the  performance  of  the  com- 
plete unit  on  the  combined  efficiency  which  is  defined 
as  the  heat  absorbed  by  the  unit  per  pound  of  coal  di- 
vided by  the  total  heat  in  one  pound  of  coal  as  fired,  a 
disagreement  is  almost  sure  to  residt  among  the  man- 
ufacturers of  different  apparatus   comprising  the   com- 


plete unit  in  case  the  test  does  not  meet  the  guarantee. 
The  guarantee  usually  si^ecifies  that  with  coal  containing 
stated  percentages  of  moisture,  volatile  and  ash  and  a 
certain  number  of  B.t.u.  per  pound,  the  guaranteed 
capacity  and  efficiency  will  be  developed. 

If  the  capacity  falls  short,  the  stoker  manufacturer 
has  the  excuse  that  the  other  parts  of  the  complete  unit 
offer  abnormal  restrictions  to  the  fiow  of  gases,  reduc- 
ing the  furnace  draft  to  a  jjoint  at  which  it  is  impossible 
to  burn  the  amount  of  coal  required  to  develop  the 
guaranteed  capacity.  He  may  also  question  the  ability  of 
the  draft  apparatus  to  take  care  of  a  sufficient  volume  of 
gases.  The  other  interested  parties  may  take  the  po- 
sition that  the  stoker  and  furnace  are  not  properly  de- 
signed to  burn  the  particular  coal  that  is  being  used  and 
the  purchaser  is  placed  in  the  difficult  position  of  being 
required  to  determine  just  where  the  fault  lies  and  which 
part  of  the  unit  must  be  altered  to  give  the  desired  overall 
results. 

The  accurate  determination  of  efficiency  is  even  more 
difficult.  The  scales  used  in  weighing  coal  and  water  may 
be  calibrated  before  the  test  but  they  are  exposed  to  dirt, 
water  and  rough  usage  during  the  test  and  cannot  be  re- 
lied upon  to  remain  accurate  unless  handled  very  care- 
fully. With  the  alternate  method  of  starting  and  stop- 
ping the  test,  which  is  almost  universally  used,  it  is  im- 
possible to  estimate  accurately  the  amount  of  coal  in  the 
furnace  at  the  beginning  and  end  of  the  test.  The  error 
thus  introduced  may  be  practically  eliminated  by  running 
a  test  of  at  least  24-hr.  duration,  but  long  tests  are  ex- 
pensive and,  in  the  end,  the  purchaser  bears  the  expense, 
as  this  item  is  included  by  the  manufacturer  in  his  price. 
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The  source  of  greatest  error  is  the  sampling  aud  ana- 
lyzing of  the  coal.  If  the  coal  is  high  in  ash  and  contains 
some  slate  and  dirt,  a  difference  of  5  per  cent,  in  the 
B.t.u.  of  two  samples  from  the  same  coal  pile,  as  shown 
by  analysis,  may  easily  result.  Separate  analyses  of  coal 
from  the  same  sample  may  also  differ  considerably  as  may 
be  seen  from  the  following  table  which  shows  results  .re 
cured  by  two  well  equijjped  laboratories  from  coal  samples 
as  nearly  identical  as  could  be  picked  by  a  man  accus- 
tomed to  sampling  coal: 

B.t.u.  Per  Pound 


Per  cent. 

Laboratory  A 

Laboratory  B 

Difference 

Difference 

13.,5S5 

14,469 

■1-884 

+  6.5 

14,400 

14,215 

—185 

—1.28 

13..529 

13,984 

+  465 

+  3.35 

13.747 

14,045 

+  298 

+  2.16 

13,.572 

14,501 

+  929 

+  6.84 

14,I.M 

14,797 

+  642 

+  4.50 

14,141 

13,970 

—171 

—1.21 

13.(i«7 

14,277 

+  610 

+  4.45 

14,240 

13,759 

—181 

—3.5 

13,892 

14,607 
Average 

+  715 

+  5.65 

531 

3.9 

As  stated,  these  analyses  were  made  in  well  equipped 
laboratories  and  the  average  percentage  of  difference  rep- 
resents the  probable  error  in  the  determination  of  the 
heat  value  of  the  coal.  Laboratory  A  secured  higher  heat 
values  than  laboratory  B  on  some  samples  and  lower 
values  on  other  samples,  showing  that  the  difEerences 
as  tabulated  are  not  due  to  a  constant  error  in  the  calori- 
meters used. 

When  two  separate  analyses  are  made  of  the  coal  used 
on  an  acceptance  test,  it  may  happen  that  the  guaranteed 
results  have  or  have  not  been  secured,  depending  upon 
which  analysis  is  iised.  This  usually  leads  to  a  differ- 
ence of  opinion  which  can  only  be  settled  by  running  an- 
other test  at  considerable  expense  both  to  the  purchaser 
and  the  manufacturers. 

The  heat  balance  which  is  coming  into  general  use  in 
analyzing  results  of  boiler  and  furnace  performance  af- 
fords a  more  scientific  and  satisfactory  basis  for  guaran- 
tees than  the  old  combined  efficiency  test.  The  heat 
lo.«ses,  instead  of  the  heat  absorbed  by  the  boiler,  form  the 
basis  for  calculating  the  efficiency  and  the  furnace  and 
boiler  losses  are  definitely  separated.  The  furnace  and 
grate  losses  are : 

1.  Heat  loss,  due  to  combustible  in  ash. 

2.  Heat  absorbed  by  excess  air  iiji  to  the  temperature 
of  the  steam. 

;i.  Heat  loss  due  to  production  of  CO. 

The  stoker  niiuiufacturer  is  concerned  with  these  losses 
only  and  should  not  be  held  responsiijle  for  what  happens 
after  the  products  of  combustion  leave  the  furnace.  He 
should  guarantee  to  burn  a  certain  amount  of  coal  per 
square  foot  of  grate  .surface  per  hour  with  a  given  draft  in 
tlie  furnace,  the  rates  of  combustion  being  given  for  va- 
rious draft  intensities  in  the  furnace  throughout  the 
range  of  capacity.  He  should  also  state  the  ])ercentage  of 
coinl)ustibl(!  in  the  ash  and  the  analysis  of  furnace  gases 
witii  which  he  will  effect  this  combustion. 

Tile  i)oiler  losses  are : 

1.  Heat  lo.ss  due  to  temperafurc  of  the  flue  gases  above 
till'  temperature  of  the  steam. 

2.  Heat  loss  due  to  ;iir  leakage  tlirough  the  boiler 
setting. 

3.  Heal  lo.ss  due  to  riidiation. 

The  boiler  manufacturer's  guarantee  should,  therefore, 
specify  the  flue-gas  terftpcraturcs  for  the  various  rates  of 
combustion    triven    in    the   stoker  guarantee.     The  draft 


loss  through  the  boiler  for  each  rate  of  combustion 
should  also  be  stated  to  guard  against  too  close  baffling  of 
the  boiler  in  an  effort  to  reduce  flue-gas  temperatures. 
The  loss  due  to  leakage  through  the  setting  can  be  de- 
termined by  comparing  an  analysis  of  the  flue  gases 
at  the  boiler  damper  with  the  analysis  of  the  furnace 
gases,  and  the  boiler  guarantee  should  state  the  analysis 
at  the  damper  after  knowing  the  guaranteed  analysis  at 
the  furnace.  The  loss  due  to  radiation  cannot  easily  be 
determined,  but  if  the  boiler  walls  are  of  sufficient  thick- 
ness, careful  inspection  while  the  brickwork  is  being  set, 
will  give  assurance  that  this  loss  is  not  excessive.  The 
boiler  guarantee  should  specify  the  j)ercentage  of  moist- 
ure in  the  steam  at  different  rates  of  combustion. 

With  the  information  contained  in  furnace  and  boiler 
guarantees,  the  manufacturers  of  economizers  and  super- 
heaters can  intelligently  determine  and  state  the  per- 
formance of  their  apparatus.  Each  manufacturer  of  ap- 
paratus going  into  the  complete  unit  should  be  advised  of 
the  guarantees  of  the  others,  particularly  as  to  draft 
losses.  The  draft  apparatus  must  provide  sufficient  draft 
intensity  to  overcome  the  losses  of  all  apparatus  in  the 
path  of  the  gases  and  still  provide  the  required  draft  in 
the  furnace  and  must  be  of  such  capacity  that  it  can 
maintain  this  draft  intensity  when  handling  the  volume 
of  gases  resulting  from  the  combustion  of  the  maximum 
amount  of  coal  to  be  burned. 

The  foregoing  method  of  stating  guarantees  clearly  de- 
fines what  each  part  of  the  unit  must  do  and  enables  the 
man  in  charge  of  a  plant  to  determine  who  is  responsible 
in  case  the  overall  efficiency  is  low.  It  prevents  the  shift- 
ing of  this  responsibility  which  may  occur  if  all  the 
apparatus  comes  under  one  general  guarantee  and  it  also 
establishes  standards  of  draft,  flue-gas  temperature  and 
flue-gas  analysis  which  give  the  operating  engineer  a  sim- 
ple and  accurate  means  of  determining  what  his  boiler 
and  furnace  equipment  is  doing. 


The  Sarco  Automatic  Grease 
Lubricator 

Tliis  lubricator  is  made  in  two  types,  one  actuated  by 
a  pendulum,  for  moving  bearings,  such  as  crossheads, 
cranks,  etc. ;  the  other  actuated  by  clockwork  in  a  dust- 
proof  casing  and  used  for  stationary  and  slow  moving 
bearings.  Both  lubricators  feed  grease  in  the  same 
manner. 

In  the  pendulum  tyjie,  the  |)enduluni,  instead  of  a 
spring,  actuates  the  clock  movement  and  consequently 
when  the  bearing  stops  moving  the  ]H'ndulum  the  feeding 
of  the  grease  stops  simultaneously. 

The  body  of  the  cup  is  of  gun  metal  and  screws  to  the 
bearing.  Orea.se  is  pressed  down  into  the  bearing  by 
a  pi.ston,  operated  by  the  clockwork,  whidi  is  placed  in 
a  hermetically  sealed  casing.  The  speed  of  the  piston 
depends  on  the  thread  of  the  spindle,  six  dirTcrcnt  sizes 
being  provided  to  suit  various  conditions. 

The  clock  is  wound  up  daily.  If  more  grease  is  de- 
livered than  required  the  clock  stops  automatically.  It 
restart.'  as  soon  as  the  hearing  requires  lubrication.  .\ 
lever  on  the  cover  of  the  lubricator  releases  and  stops  the 
clock.  These  lubricators  are  manufactured  bv  the  Sarco 
Engineering  Co.,  116  Broad  St..  Kew  York  City. 
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Protective  Relays 

By  H.  E.  Stickxey 

The  purpose  of  protective  relays  is  to  protect  the  system 
from  the  destructive  effects  of  short-circuits,  excessive 
overloads,  excessive  voltage,  reverse  currents,  etc.  A  num- 
ber of  different  types  are  on  the  market,  but,  as  they  all 
operate  on  very  much  the  same  principle,  only  the  three 
most  important  types  will  be  discussed.  These  are  the 
instantaneous,  the  inverse  time-limit  and  the  definite 
time-limit  relays. 

The  instantaneous  relay  is  designed  to  operate  at  a  pre- 
determined current  value,  usually  the  limiting  capacity 
of  the  apparatus.  It  consists  of  a  solenoid,  the  plunger  of 
which  carries  at  its  upper  end  a  device  for  closing  or 
opening  an  independent  circuit,  which  in  turn  will  open 
or  close  the  oil  switch  or  circuit-breaker  on  its  respective 
circuit.  The  current  value  at  which  these  relays  will  op- 
erate is  determined  by  setting  the  height  the  plunger  will 
have  to  rise  to  close  its  relay  contacts.  This  is  done 
by  a  small  thumb-screw  at  the  bottom  of  the  plunger 
casing,  which  by  turning,  lowers  or  raises  the  plunger. , 

A  series  transformer  is  used  in  connection  with  these 
relays  to  control  the  current  in  the  relay  itself,  for  it 
would  be  impractical  to  have  the  total  line  current  pass 
through  the  relay.  The  primary  of  these  transformers 
consists  of  one  straight  bar  about  which  the  secondary 
is  wound,  the  primary  being  connected  in  series  with  one 
phase  of  the  feeder:  see  Fig.  1.  The  secondary,  as  stated, 
is  wound  upon  the  primary,  the  number  of  times  bearing 
any  desired  ratio  to  the  primary.  Since  there  is  no  iron 
present  in  the  transformer,  this  ratio  will  remain  prac- 
tically constant  at  all  loads. 


^.-  Primary 
iSecondary 

To  Relays 


I       Z      5  RiWtn 

Fig.  1.    Transformer 

In  a  transformer  having  a  ratio  of  50 :  1,  only  V50  of 
the  current  in  the  feeder  would  be  induced  in  the  sec- 
ondary and  flow  through  the  relay.  Most  relays  are 
graduated  for  from  5  to  10  amp.  for  their  operation  and 
assuming  this  basis,  suppose  it  is  desired  to  open  a  feeder 
when  the  load  reaches  250  amp.  Since  the  transformer 
ratio  is  50 :  1,  the  current  passing  through  the  second- 
arv  to  the  relav  would  be 


1  X  350 

50 


5  amp. 


touiiected  as  shown  in  Fig.  'i.  The  ground  connection 
shown  is  so  placed  on  the  common  return  wire  that  it  may 
art  on  both  transformers,  its  purpose  being  to  protect  the 
operator,  instruments  and  relays  from  the  high  potential 
of  the  feeder  if  the  insulation  of  the  transformer  should 
break  down. 

Now  consider  the  operation  of  the  system.     If  phase 
No.  3  should  become  overloaded,  transformer  A  would 


Oi/  Swiich  or  Circuit  Breal(er 


Fig. 


Three-phase  System  with  Two  Relays 


And  at  this  value  the  relay  would  be  set  to  operate. 

The  usual  method  of  protecting  a  three-phase  system 
is  by  using  two  relays  and  their  respective  transformers 


respond,  causing  relay  a  to  operate  and  close  its  respec- 
tive circuit  tripping  the  coil  of  the  circuit-breaker.  Sim- 
ilar action  would  take  place  in  case  phase  No.  1  were 
overloaded.  The  trip  coils  are  usually  wound  for  125 
volts  at  5  or  10  amp.  and  are  operated  from  storage  bat- 
teries or  other  independent  low-potential  sources. 

The  inverse  time-limit  relay  is  similar  to  the  in- 
stantaneous relay,  with  the  exception  that  at  the  contact 
end  of  the  plunger  is  jjlaced  a  small  bellows  fitted  with 
an  adju.stable  air-valve.  As  the  plunger  rises  its  speed  is 
retarded,  due  to  slowly  forcing  out  the  air  in  the  bellows 
through  the  air  valve.  The  heavier  the  overload,  the 
greater  the  force  spent  upon  the  bellows  and  therefore  the 
air  is  expelled  at  a  grater  rate,  allowing  the  contacts  to 
close  more  quickly ;  that  is,  the  time  of  closing  varies 
inversely  as  the  magnitude  of  the  disturbance — hence, 
the  name  "inverse  time-limit  relay." 

The  definite  time-limit  relay  is  similar  except  that  be- 
tween the  bellows  and  the  plunger  is  interposed  a  small 
spring  which  is  acted  upon,  giving  a  definite  period  of 
time  which  varies  directly  with  the  adjustment  of  the 
air  valve  at  the  top  of  the  bellows.  Some  makers  use 
a  gravity  accelerated  dashpot  with  a  similar  air  valve : 
this  depends  upon  the  plunger  to  allow  the  contact  rod  to 
drop  by  its  own  weight  upon  release.  The  speed  at  which 
it  descends  is  governed  by  the  air  valve  in  the  dashpoi. 

Those  types  of  relays  explained  are  known  as  circuit- 
closing  relays,  i.e.,  closing  the  trip-coil  circuit.  There  is 
another  type,  known  as  circuit-opening  relays,  operating 
the  trip  coils  by  deenergizing  their  respective  magnets. 
Also,  reverse-current  relays  are  often  used  on  direct-cur- 
rent generators  and  rotary  converters  to  prevent  a  flow  of 
current  into  the  machines  from  the  line. 
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Obtaining    Wire    Resistance    on 
Slide   Rule 

By  a.  F.  ilcioRE 

A  very  useful  aud  easily  remembered  method  of  as- 
certaining the  resistance  of  copper  wire  with  an  ordinary 
slide  rule  is  as  follows: 

Looking  at  the  back  of  the  rule,  set  the  last  digit  of 
the  B.  &  S.  gage  number  of  the  wire  on  the  logarithmic 
or  middle  scale  of  the  slide,  opposite  the  hair  line  on  the 
right.  Turn  the  rule  face  up  and  read  the  number  on 
the  bottom  or  "D"  scale  opposite  the  1  at  the  left  end  of 
the  slide.  To  point  off,  remember  that  the  resistance  of 
wire  from  Xo.  0  to  Xo.  10  is  of  the  order  of  tenths,  Xo. 
10  to  20  is  of  the  order  of  units,  Xo.  20  to  Xo.  30  is  of 
the  order  of  tens,  etc.  The  result  will  be  a  very  close 
approximation  in  ohms  per  1000  ft.  of  copper  wire  of  the 
size  required,  at  20  deg.  C.  With  Xo.  11  B.  &  S.  gage  the 
result  is  exact,  and  the  error  varies  from  about  2  per 
cent,  high  for  Xo.  0,  to  4.5  per  cent,  low  for  Xo.  40.  This 
is  accurate  enough  for  ordinary  calculations.     To  obtain 


Synchronous   Motors   Driving  Air 
Compressors 

The  use  of  the  synchronous  motor,  because  of  inherent 
advantages  for  certain  kinds  of  service,  is  now  becoming 
more  extensive.  As  applied  to  driving  air  compressors,  an 
interesting  installation  is  to  be  found  at  one  of  the  Cen- 
tral Park  shafts  of  the  tunnel  which  is  being  driven  under 
Xew  York  City  in  connection  with  the  Catskill  aqueduct 
system. 

The  plant,  as  shown,  consists  of  three  two-stage  Sulli- 
van air  compressors,  each  coupled  direct  to  a  400-hp., 
6600-volt,  three-phase,  25-cycIe  Westinghouse  synchronous 
motor.  The  compressors  furnish  air  for  driving  air  drills. 
They  are  each  151/^x20x18  in.  and  have  a  piston  displace- 
ment of  2070  cu.ft.  of  air  per  miu.  at  the  rated  speed  of 
the  motor,  1873/2  r.p.m. 

A  vertical  intercooler  with  copper  water  tubes,  placed 
between  the  high-  and  low-pressure  air  cylinders,  pro- 
vides 10.75  sq.ft.  of  cooling  area  per  100  cu.ft.  of  free  air. 

The  volume  of  air  delivered  is  made  proportional  to  the 


Syxchroxoiw  Motors  Driving  Air  Comi'rkssok.s  .at  AtjiKDrcT  Shaft 


the  result  for  Xo.  00,  Xo.  000  and  Xo.  0000,  consider 
Xo.  00  as  Xo.  9,  Xo.  000  as  Xo.  8,  etc..  and  set  the  decimal 
]")int  one  more  place  to  the  left. 

As  an  example,  let  it  be  desired  to  know  tlic  resistumc 
of  1000  ft.  of  Xo.  15  B.  &  S.  copper  wire.  Looking  at 
the  back  of  the  rule  .set  5  on  the  logarithmic  .'icale  on 
the  middle  of  the  slide,  opposite  the  liair  line  on  the  right- 
hand  end  of  the  rule.  Turn  the  rule  fair  up  and  read 
31  fi]  on  the  lower  scale,  opposite  the  1  at  the  left  end 
of  the  slide.  Since  Xo.  15  comes  between  Xo.  10  and 
Xo.  20,  the  resistance  will  be  of  the  order  of  units,  or 
3.161  ohms  per  1000  ft.  Tf  the  wire  had  been  Xo.  5, 
resistance  would  have  been  0.3161;  if  No.  25.  31.61,  etc. 


demand  by  means  of  a  doulilc-lieat  unloading  valve  on  the 
air  inlet  of  the  intake  cylinder.  This  valve  is  either  fully 
open  or  tightly  closed,  .so  that  there  is  no  choking  effect 
on  the  entering  air.  A  3i/2-ton  flywheel  renders  the  op- 
eration of  the  outfit  smootii  and  eliminates  any  objection- 
able peaks  in  the  ])ower-consumption  curve. 

A  particular  advantage  of  this  type  of  motor  is  that, 
in  addition  to  its  use  as  a  motor,  it  may  be  employed 
as  a  synchronous  condenser  to  improve  the  power  factor 
of  the  circuit,  this  being  accomplished  by  adjusting  the 
field  excitation. 

Direct  current  at  125  volts  is  furnished  for  the  field  ex- 
citation by  an  exciter  mounted  on  the  compressor  frame 
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and  driven  by  a  belt  from  the  crankshaft.  The  revolv- 
ing portiou  of  the  motor  is  provided  with  a  combined 
starting  and  damper  winding  so  proportioned  that  the 
necessary  starting  torque  is  developed  by  the  minimum 
line  current,  consistent  with  the  synchronous  operation. 
This  starting  winding  is  similar  in  construction  and  op- 
eration to  the  rotor  winding  of  the  well  known  squirrel- 
eao'e  induction  motor.  Tests  have  shown  a  power  cou- 
sugmptiou  of  345  cu.ft.  of  air  per  kw.-hr. 

Incidentally  it  may  be  mentioned  that  the  water  for 
this  great  system  is  to  be  brought  all  the  way  from  the 
Catskills  in  an  underground  tunnel  which  at  Storm  King 
crosses  under  the  Hudson  River  at  a  depth  of  1100  ft. 

The  water  is  to  be  carried  from  Xinety-niuth  St.  to 
Fourteenth  St.,  Manhattan,  a  distance  of  -1.38  miles,  in 
a  tunnel  cut  through  solid  rock  its  entire  length,  about 
225  ft.  below  the  level  of  the  street.  It  has  a  finished 
bore  of  14  ft.  inside  the  concrete  lining  down  to  Forty- 
second  St.,  13  ft.  to  Twenty-third  St.,  and  13  ft.  from 
there  to  Foiirteenth  St. 

The  sLx  shafts  sunk  are  located  as  follows:  Three  in 
Central  Park,  at  Xinety-third  St.,  Eighty-first  St.,  and 
Sixty-sixth  St. ;  one  at  Fiftieth  St.  and  Fifth  Ave. ;  one 
at  Forty-second  St.  and  Bryant  Park ;  and  one  at  Twenty- 
fifth  St.  and  Broadway. 

.  Signal  System 

In  power  plants  where  the  generators  are  located  .some 
distance  from  the  switchboard  some  reliable  system  of 
signals  between  the  engineer  and  the  switchboard  oper- 
ator is  necessary.  The  following  is  a  description  of  the 
system  I  have  installed  in  connection  with  one  of  our 
1500-kw.  units. 

I  fir.st  made  an  18xl0x6-in.  box  of  wood  lined  with  as- 
bestos and  divided  it  into  six  compartments  in  each  of 
which  was  mounted  an  8-cp.  lamp.  On  a  piece  of  tracing 
cloth  just  large  enough  to  cover  the  front  of  the  box  the 
signals  were  painted  .so  that  one  signal  would  be  over 
the  lamp  in  each  compartment.  The  signals  were :  "On," 
"Off,"  "Slow,"  "Fast,"  "Coming  On"  and  "Coming  Off." 
This  box  was  mounted  on  top  of  the  gage  board  where 
it  could  be  plainly  seen  by  the  man  at  the  engine 
throttle. 

On  the  generator  oil  switch  were  mounted  two  con- 
tacts connected  to  the  signals  "On"  and  "Off";  a  pull- 
and-push  switch  normally  open  was  mounted  on  the  gen- 
erator panels  and  connected  to  the  signals  "Slow"  and 
"Fast."  Just  below  the  sjmchronizing  plug  receptacle 
was  mounted  a  single-pole  double-throw  knife  switch,  so 
mounted  that  in  the  up  position  the  handle  prevented  the 
plug  from  being  inserted.  This  plug  was  connected  to  the 
signals  "Coming  On"  and  "Coming  Off,"  so  that  in 
throwing  down  the  .switch  the  engineer  is  notified  that 
the  operator  is  ready  to  synchronize.  A  lamp  was  also 
mounted  on  the  signal  box  and  connected  to  the  synchro- 
nizing busbar,  which  permits  the  engineer  to  bring  the 
engine  to  proper  speed  by  watching  the  pulsations  of  the 
lamp.  The  operator  signals  if  slow  or  fast  and  as  soon 
as  the  oil  switch  is  closed  the  signals  "Off"  and  "Coming 
On"  go  out  and  the  signal  "On"  shows  up. 

In  shutting  down  the  generator  the  operator  puts  the 
single-pole  switch  up  and  this  shows  the  signal  "Coming 
Off.  The  engineer  then  begins  to  slow  the  engine  and  as 
soon  as  the  oil  switch  is  opened  the  signals  "On,"  "Com- 


ing Ott'"  go  out  and  the  signal  "Off"  shows  up.  The 
operator  is  compelled  to  notify  the  engineer  before  he  can 
.synchronize. 

This  system  has  been  in  operation  here  several  months 
and  is  reliable  and  practically  fool-proof  and  is  very  valu- 
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able  where  the  engine  sjieed  is  controlled  by  the  man  at 
the  throttle. 

William  R.  Davis. 
Springfield,  111. 

Oil  Circuit  Breaker  Alarm 

The  sketch  shows  a  simple  alarm  for  oil  circuit-break- 
ers, it  being  possible  to  put  any  number  of  breakers  on 
the  one  circuit.    The  dotted  lines  show  the  breaker  out,  in 


Alarm  CincuiT  Connected  to   Oil  Switch 

wdiich  position  the  metal  of  the  breaker  makes  contact 
with  the  brass,  fiber-insulated  strips  and  closes  the  alarm 
circuit,  thus  ringing  the  bell.  A  small  switch  is  neces- 
sary in  the  bell  circuit  as  sometimes  certain  breakers  are 
not  required  in  service. 

James  A.  Campbell. 
Providence,  R.  I. 
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Test    of    Gas    Producer    Plant  t^nta,  the  average  load  per  engiue  was  slightly  over  oiie- 

half  its  rated  capacity. 

By  L.  L.  Brewster  rpj^^  j^^^j  consumption  noted  is  the  total  for  the  period 

The  economy  of  a  gas-power  station  under  normal  and  and  therefore  includes  the  consumption  during  standby 

commercial  operating  conditions  is  shown  in  the  appended  periods  as  well  as  during  periods  of  operation.     An  an- 

data  from  a  five  weeks'  test.     The  owners  of  this  plant  y lysis  of  the  data  given  will  show  that  the  load-factor  for 

desired  to  know  just  what  results  were  being  obtained  in  the  entire  period  was  comparatively  small.    The  producer 

the    gas-power    plant    which    was    installed    about    three  plant  delivered  gas  for  the  engines  under  load  for  00714 

years  ago,  and  for  a  period  of  five  weeks  carefully  meas-  hr.  out  of  a  possible  total  of  8i0,  or  60.-1  per  cent,  of  the 

ured  all  the  necessary  quantities  for  securing  the  desired  time ;  the  standby  period  was,  therefore,  nearly  40  per 

information.  cent,  of  the  total  time.     In  the  29  days  of  running  the 

The    plant    under    discussion    is    thoroughly    modern,  engines  ran  a  total  of  56.5  engine  hours  "and  developed  31,- 

cquipped  with  apparatus  of  approved  design  and  operated  592  kw.-hr.  at  the  switchboard.     At  their  rated  capacity 

liy  an  engine  and  producer-room  crew  which   are  well  they   would   have   developed   during   this   period   56,500 

above  the  average.     The  equipment  consists  of  two  bi-  kw.-hr.,  so  that  the  load-factor  was  about  56  per  cent, 

luminous  producers  of  250  hp.  each;  three  double-acting  The  total  capacity  of  the  three  engines  would  be  7200 

tandem  gas  engines  direct  connected  to  100-kw.,  three-  kw.-hr.  per  day  oi"  21  hr.,  or  208,800  kw.-hr.  for  the  29 

phase,  60-cycle,  oOO-volt  generators.    The  exciter  for  each  days'  run,  or  a  loading  factor  of  about  15  per  cent, 

generator  is  belt  driven  from  a  pulley  on  the  engine  shaft  The  summary  of  the  test  shows  the  fuel  consumption 

just  outside  the  outl^oard  liearing.     Two  or  three  of  the  per  kilowatt-hour  for  the  entire  period  to  be  3.08  lb.,  and 

TABLE  1.     SUMMARY  OF  FIVE  WEEKS'  TEST  ON  GAS  PRODUCER 

Gas  Registered    Gas  Corrected      Fuel  Used  in  Coal  Gas  per  Lb.  of     Average  Fuel    Producer    Total  Kw.-hr. 

by  Meter          to  60  deg.  F.      Equiv.  (Lb.  of  coal  Fuel  Corrected    per  Day,  Lb.       Hours        at  Switch- 

=0.875 -t- Lb.  of  Coke)  to  60  Deg.  F.                                                            board 

Week 1,478.000                1,399,818               14,780  (coal)  96 . 4  (coal)           2,463  coal              98J              4,620 

Aug.  26-31,  6  days 25,61)0  (Used         25,000                2,450  (coke)  84.2  (fuel)               409  coke 

at  dryer  metered  16,924  (total  fuel) 

separately 

Week 1,452,400                1,368,412              14,233  (coal)  96.1  (coal)             2,486  coal            100                5,260 

Sept.  3—7,  5  days 1,313  (coke)  89.0  (fuel)               239  coke 

15,382  (total  fuel) 

Week 1,569,600  1,468,417  17,737  (coal)  82.6  (coal  2,964  coal  98}  5,321 

Sept.  9— 14,  5  days 1,312  (coke)  77.8  (fuel)  239  coke 

18,885  (total  fuel) 

Week Meter  stopped    2,028,000  (calcu-       19,947  (coal)  101 . 7  (coal)  3,325  coal  99  7,890 

Sept.  14— 21,  6  days on  Sept.  19,  re-    lated  using  251  2,275  (coke)  92.4  (fuel)  379  coke 

paired  Sept.  22     cu.ft.  per  kw.)         21,938  (total  fuel) 

Week 2,197,200  2,088,278  22,118  (coal  94.4(coaI)  3,686  coal  111}  8,510 

Sept.  23— 28.  6  days 2,275  (coke  86  6  (fuel)  379  coke 

24,109  (total  fuel) 

Totals 8.377,925              88,815  (coal)                                                                             •M7J            31,592 

9,625.(coke) 

On  first  3  weeks  .\verage      fuel     Average  fuel  perkw.-     .\11     B.t.u.     de- 

siderable      gas  per       kw.-hr.         hr.  during  last  two     terminations 

was  blasted  up  during    whole         weeks  2,93  lb.              and    analyses 

the  stack  in  or-  test,  test  3.08                                               were      made 

der  to  keep  the  lb.                                                                    from  gas  tjiken 

fires  in  the  pro-  from  the  holder, 

ducer   hot,   es-  Gas    passing 

§ecially          on  from    the     pro- 

ept.     9 — 14.  ducer      to      the 

This  gas  could  holder     showed 

not  be  metered.  a  much  greater 

fluctuation. 

units    operate    in    parallel    whoiicver    desired,    delivering  for  the  last  two  weeks  df  tiie  test  2.93  lb.     These  figures 

current  to  a  single  set  of  busbars.    During  the  five  weeks'  should  be  considered  only  in  eoiuioetion  with  the  eondi- 

test  period  it  was  necessary  to  run  only  two  engines  part  tions  of  the  run  which  show  that  Uie  average  load  on  the 

of  the  time  and  one  engiue  the  re.st  of  the  time;  thus  the  engines  for  the  time  they  were  run  was  only  slightly  over 

third  engine  was,  during  this  period,  a  .spare  unit.     The  one-half  load,  and   a  total  standby  on  the  producers  of 

producers  are  each  pulled  by  a  rotary  exhauster  which  nearly  10  per  cent,  of  the  time. 

also  serves  as  a  centrifugal  scru])ber,  the  gas  first  pass-  The  consumption  stated  is  for  the  net  power  delivered 
ing  through  a  static  scrubber  and  cooler.  The  exhausters  1o  the  switchboard,  which,  of  course,  does  not  include  that 
deliver  thefr  gas  through  a  common  main  to  a  small  necessary  to  drive  the  exciter  units.  This  net  ]iower  is 
holder  whose  capacity  is  too  small  to  make  it  of  service  not  all  available,  however,  for  distribution  to  the  factory, 
except  as  a  pressure  regulator.  Tt  is  so  weighted  that  gas  for  about  10  per  cent,  of  it  is  u.se<l  for  driving  the  rotary 
reaches  the  engines  at  about  atmo.spheric  pressure  or  scrubbers  and  the  centrifugal  pumps  for  circulating  cool- 
slightly  above.  iiig  water  to  the  engines. 

During  the  test  period  the  load  on  the  engines  was  fre-  Table  1    is  a  summary  of  the  iiriiicipai   results  in   the 

quently  a  maximum  for  sliort  periods  and  this  made  it  producer  operation  for  tbe  entire  test  period.    Table  2  is 

necessary  to  run  two  engines,  although,  as  shown  by  the  a  sample  log  of  a  week's  rmi.     Tn  Table  3  is  shown  the 
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was  consumption  of  the  engines  for  a  week's  run,  and  electric  power  to  the  factory  in  which  it  is  situated.  Under 
Table  4  is  a  record  showing  the  variation  in  gas  quality  favorable  conditions  this  plant  has,  to  the  writer's  knowl- 
tor  a  consideral)le  period  of  time  during  one  day.   and      edge,  developed  a  brake  horsepower-hour  on  slightly  less 


TABLE  2. 
Actual 


LOG  FOR  WEEK'S  RUN 


Date 
Sept.  23. 


Pro- 
ducer 
Xo.  1 


Engine, 
hours 
run 


Sept.  24 No.  1     No.  1-  9J 


Sept.  25 No.  1 


Sept.  27 No.  1      No 


Sept.  28 No.  1     No 


pres- 
sure, 
inches 

of  water     State  of  meter 
4.4     At  start  6  a.m. 

5,831,100   cu.ft. 

.\t  end  4.30  p.m. 

6,100,500  cu.ft. 

4.4     At   start   6   a.m. 

6,100,500  cu.ft. 

.\t  end   12  m. 

6,433,700  cu.ft. 
At  start  12  m. 

6.443.700  cu.ft. 
At  end    12   m. 

6,849,700  cu.ft. 
.•it  start  12  m. 

6,849,700  cu.ft. 
.\t  end    12   m. 

7,255,200  uc.ft. 
M  start  12  m. 
7,255,200  cu.ft. 
At  end  12  m. 
7,682,100  cu.ft. 


At  start  12  m. 

7.682,100  cu.ft. 
At  end  4.  30 

8,028,300  cu.ft. 


260,394       1 1 ! 


384,226       225 


405.500         383,753'      22^         17,056 


404,004        221         18,157 


346,200        328,333       16i 


Coal            Coal 

per               for 

hour,           week, 

aver-              lb. 

lb.               coal 

Cu.ft. 
gas 
per 
lb. 
coal 

Total 

kolowatt 

hours 

Remarks 

199. S          22,118 
2,275  (coke) 

(» 

94-44 
86.6 
•ith  coke) 

lOSl) 

No    slow    downs 
Very     cloudy 
Humid 

1370 

No  slow  downs 
Rain 

1620 

No  slow  downs 
Rain  unitl  12  m. 

1600 

No  slow  downs 
Clear 

1610 

3  min.  interrup- 
tion No.  3  engine 
stopped  on  night 

a.m.  Clear  inp.ni 

Had  to  shoot  fire  8 
times    today    to 

1230 

No  slow  down 
Clear 

capacity  of  2  en- 
inches 


Total 2,197,200  2,197,200     2,088,277     lUJ 

also  shows  a  sample  gas  analysis  and  an  engine  exhaust 
analysis. 

The  gas  was  also  sampled  for  determination  of  the 
quantities  of  tar  and  dust  and  an  average  of  all  the  sam- 
ples taken  showed  that  there  was  no  tar  present  in  the 
gas,  but  there  was  a  dust  content  of  0.044  gr.  per  cu.ft., 
the  sample  being  taken  at  the  scrubber  outlet.  A  com- 
putation of  the  amount  of  sulphur  in  the  gas  showed  that 
the  gas  contained  0.001  per  cent,  of  sulphuretted-hydro- 
gen (H,S).    This  computation  was  made  on  the  assump- 


than  one  pound  of  coal,  such  as  was  iised  in  this  test. 
The  effect  of  the  load-factor  and  tlie  loading  factor  in  this 

TABLE  4.     CiAS  QUALITY  AND  ENGINE  EXH.4UST  COMPOSITIO.N. 


Time 
7:00 


TABLE  3.     G.\S  CONSUMPTION  OF  ENGINES 


Sept.  24.  Day 
Night 

Sept.  25.  Day 
Night 

Sept.  26     ~ 


Sept.  27. 


Day 

Night 
Day 
Night 


Cu.ft. 
gas   at 
60  deg.  F. 
260,394 
Did  not 

264.855 
138,211 
245.538 
142,596 
239,582 
143,834 
252,572 
158.820 


Total 

kilowatt 

hours 


Deg.  F. 

241.1 

0 

247.5 
260.8 
227.3 
267.8 
226.0 
271.4 
238.2 
294.1 

244,8 


0 

54.2 

44.1 

54.0 

45.0 

53.0 

44.1 

53.0     3  min.  interruption  due 

46.0  to  engine  No.  3  off 
line   on   night  run. 

51.0  Shot  fires  eight  times  to 
0  allow  capacity  of  es- 

liauster  to  give  suffi- 
cient gas  for  two  en- 
gines for  this  day's 
run.  Maximum  vacu- 
um 15  in. 

22.1181b.  coal  per  week 
2,275  lb.  coke  per  week 

2.  60  lb.  coal  per  kw  -hr. 

0.271b.  coke  per  kw.-hr. 


8;30 
9:00 
9:30 

10:00 
10:30 
11:00 
11:30 


12:30 

1:00 
1:30 
2:00 
2:30 
3:00 
3:30 
4:00 
4:15 


.u.  at  60°F. 
87.5 
91  S 

101,0 

100,5 


103  3 
110  1 
109  3 

106  9 

105  0 

106  4 
103  4 


101,4 

110.3 
108.0 
105.1 
106.5 
106.5 
107,7 
110.7 
110  3 


Exhaust  from  engine  No. 


0.2 
17.0 

0.8 
13.5 
60.5 

100  0 


CO,. 

O. 

CO.. 


Ip.i 
14.0 
4.0 
0.0 


12.0  12  5  15,2 

4  4  5.7  3.0 

O.'O  0.0  0.0 


Eureka  coal  analysis:  Per  Cent. 

Moisture 1 .  47 

Volatile  matter 13.70 

Fixed  carbon 76 .  94 

Ash 7.89 

100.00 


Blasting  up  stack  until  10  i 


.\verage — 104  3  B.t.u.  per  cu.ft. 


wo  engines  on  during 

day  only. 
)ne    engine    on    during 

night. 


Disparity  in  figures 
is  due  to  a  slight 
difference  in  con- 
version factors  for 
each  day.  Uncor- 
rected gas  2,197. 
200  cu.ft.  regis- 
tered on  meter. 

tion  that  one-half  of  the  total  .sulphur  in  the  coal  was 
gasified  and  that  the  sulphur  content  of  the  coal  was  1.3 
per  cent.,  as  shown  by  the  analysis. 

The  reader  should  bear  in  mind  that  these  results  were 
obtained  by  simply  measuring  the  necessary  quantities  for 
;i  period  of  five  weeks,  during  which  time  conditions  were 
simply  those  demanded  of  the  power  plant  in  supplying 


particular  case   is  to   increase   the  fuel   consumption  to 
about  twice  this  amount. 


Operating  Results  with   Diesel  Engine 

A.<  a  great  deal  is  known  about  the  construction  of 
Diesel  engines  but  not  so  much  about  operating  results 
in  actual  practice,  the  following  extract  from  a  report  of 
the  engineer-in-chief  of  the  Hamburg-American  liner 
■•Christian  X,"  about  his  experience  on  the  first  trip  from 
Hamburg  to  Havana  will  be  of  interest.    The  i;eport  says : 

"The  pistons  and  cylinders  of  the  main  engines  have 
given  no  trouble,  but  it  will  take  another  10  or  15  days 
before  the  inner  surfaces  are  quite  polished,  whereupon 
it  is  hoped  to  reduce  the  lubricating-oil  con.sumption  from 
26  to  23  lb.  per  24  hr.  Heavy,  dry  deposits  were  found  on 
the  pistons  and  cylinder  interiors,  due  probably  to  the 
high  ash  and  sulphur  content  of  the  fuel  oil  used.  All 
the  exhaust  valves  had  to  be  exchanged  after  the  voyage 
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was  completed,  as  they  showed  deep  grooves  at  the  tapered 
seats,  which  are  very  likely  due  to  the  same  cause.  Nearly 
all  the  valves  and  seats  must  be  reground.  The  tanks 
containing  compressed  air  for  the  fuel  injection  had  to 
be  emptied  every  two  hours  of  water  which  accumulated, 
as  the  atmosphere  contains  considerable  moisture.  Clos- 
ing against  a  pressure  of  60  atmospheres  the  valves — ad- 
mitting compressed  air  from  the  tanks — can  only  be 
opened  slightly.  But  the  severe  throttling  which  thus 
results  causes  leakage  of  these  valves  after  some  time. 
This  could  be  avoided  if  a  second  valve  were  interposed, 
which  effects  the  throttling,  while  the  first  named  valve 
on  the  air  tank  is  opened  to  the  full  e.xtent.  All  bearings, 
as  well  as  the  guides,  of  botii  engines  were  carefully  in- 
spected but  no  appreciable  wear  was  found. 

"Between  July  26  and  27,  a  trial  run  of  24  hr.  took 
place,  during  wliich  the  two  main  engines  as  well  as  the 
auxiliary  compressor  were  indicated  every  4  hr.  The  fol- 
lowing data  were  obtained : 

"Output  of  the  two  main  engines,  2383  i.hp. ;  fuel  con- 
sumption of  these  engines,  8.5  tons  in  24  hr.,  or  0.32  lb. 
per  i.hp.-hr.  The  capacity  of  the  auxiliary  compressor 
was  216  i.hp.,  and  its  fuel  consumption  in  24  hr.  1848 
lb.,  or  0.35  lb.  per  i.hp.-hr.  The  total  fuel  consumption 
for  the  main  and  auxiliary  engines  amounted  to  9.3  tons 
in  24  hr.,  or,  referred  to  the  output  of  the  main  engine, 
0.36  lb.  per  i.hp.-hr. 

"During  the  whole  journey  the  main  and  auxiliary  en- 
gines worked  satisfactorily  and  without  interruption,  and 
the  exhaust  of  all  engines  was  free  from  soot." 


CORREvSPONDENCE 


Trouble  with  Gas  Meter 

Our  power  plant  in  a  large  office  building,  consists  of 
four  gas  engines  amounting  in  all  to  600  hp.,  which  fur- 
nish all  the  light  and  power.  Two  54  in.  x  16  ft.  tire- 
tube  boilers  are  used  for  heating  only. 

Two  of  the  engines  arc  run  during  the  day  time  and 
one  at  night;  one  boiler  is  fired  at  a  time  and  that  only 
in  winter  .  As  will  be  seen  by  the  accompanying  sketch 
our  gas  supply  comes  from  the  street  through  a  6-in. 
line,  inside  of  the  building  it  branches  off  into  t'vo 
lines  each  4-in.  and  leading  to  two  4-in.  gas  meters,  each 
meter  having  a  rated  capacity  of  10,000  cu.ft.  per  hr. 
One  meter  is  on  the  gas  engine  line  and  the  other  on  the 
boiler  line.  The  boiler  line  continues  with  a  4-in.  pipe 
to  the  boilers,  with  100  ft.  of  pipe  between  the  meter  and 
the  boilers. 

The  gas  engine  line  after  leaving  the  meter  leads  to 
a  4-in.  pressure  reducing  regulator,  after  passing  which 
it  is  increased  to  6  in.  for  2'>  ft.,  and  then  opens  in'o 
a  10-in.  manifold  20  ft.  long;  from  the  manifold  it  is 
again  reduced  to  6  in.  for  a  distance  of  30  ft.  Off 
from  the  last  20  ft.  the  connections  for  the  four  engines 
are  made.  Each  engine  has  its  own  pressure  reducing 
regulator  which  reduces  the  pressure  from  6  oz.  to  thai 
of  the  atmosphere. 

The  two  engines  (one  125  hp.  the  other  l'i5  hp.)  that 
run  each  day  do  not  at  any  time  carry  over  75  per  cent, 
of  their  rated  load.  The  consumption  of  gas  by  the  en- 
gines  in   24   hr.   average   from    42,000   to   46,000   cu.fl. 


and  the  highest  hourly  rate  does  not  exceed  3000  cu.  ft. 
per  hr.  The  highest  consumption  on  the  boilers  seldom 
goes  above  60,000  cu.ft.  in  24  hrs.  on  a  very  cold  day, 
while  it  generally  ranges  from  30,000  to  50,000  cu.ft. 
according  to  the  weather.  The  line  pressure  at  the  me- 
ters is  8  oz.,  the  regulator  on  the  engine  line  is  set  for 
6  07..  and  at  any  time  when  two  or  even  three  engines  are 
running  the  gage  A  at  the  end  of  the  engine  line  always 
shows  6  07...  and  never  indicates  any  fluctuation  in  pres- 
sure on  the  line. 

Yet  the  gas  company  repeatedly  complains  that  the 
gas  engines  strain  its  meters  and  that  it  has  to  change 
them  oftener  than  on  the  boiler  lines. 


6  "I  ine  from  Street 


vfcs 


■  Pressure  Hegu/otor 
■To  125  Hp.Engine  ~^-To  175  Hp.Engine 

COXXECTIOXS  TO  EXGIXES  AXD  BOILERS 

I  have  never  been  able  to  understand  this  as  the  meters 
have  a  capacity  of  four  to  six  times  the  amount  used, 
and  the  gas  pressure  is  always  up  to  standard.  If  the 
pressure  occasionally  dropped  so  that  the  engines  would 
pump  the  gas,  there  might  be  a  cause,  but  with  the  pres- 
sure always  up  I  cannot  find  an  explanation  of  the  differ- 
ence. The  only  answer  obtained  from  the  gas  company 
is  that  its  meters  on  gas  engines  when  brought  into  the  re- 
I>air  shop  are  in  worse  condition  than  any  others  which 
it  has  in  service. 

L.  ;M.  Joiixsox. 

Emsworth,  T'cnn. 

Gas  Engines  in  Pittsburgh  Hotel 

Three  150-lip.  Bruce-Macbeth  engines  have  just  i)cen 
installed  in  the  Fort  Pitt  Hotel,  Pittsburgh.  Each  en- 
gine is  direct  connected  through  a  link  c()U])iing  to  a  100- 
kw.,  three-wire,  direct-current  generator,  and  is  to  run 
in  parallel  with  steam  units  previously  installed.  The 
engines  arc  equipped  witii  double-magneto  igniters  and 
with  gas-economy  indicators,  wiiich  shows  instantiv  the 
consumption  of  gas  ])er  kilowatt-hour  for  each  engine  in- 
(ic]iendently. 

Power  from  this  i)lant  is  used  for  both  elevator  aM<l 
lighting  .service  and  for  some  twenty  motors  for  various 
ptirposes  about  the  hotel. 
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Use  of  Pitot  Tube  in  Air  Measure- 
ments 

By  Fkank  L.  Buskv 
There  are  a  number  of  methods  used  to  measure  the 
velocity  or  volume  of  a  current  of  air,  depending  on  con- 
ditions, such  as  the  object  of  the  test,  the  degree  of  ac- 
curacy desired,  or  the  general  arrangement  of  the  in- 
stallation. For  many  purposes,  such  as  measuring  the 
velocity  of  the  air  leaving  a  register,  the  anemometer  will 
answer.  For  fan  testing  or  for  determining  the  quan- 
tity of  air  flowing  through  a  system  of  ducts  or  piping, 
the  pitot  tube  is  more  accurate  and  is  easy  to  manipulate. 
That  it  is  not  more  extensively  used  is  probably  due  to 
the  fact  that  it  is  not  more  generally  understood. 

Operation  and  Form  of  Turk 
The  pitot  tube  is  an  instrument  used  for  making  veloc- 
ity measurements  of  a  current  of  air,  the  principle  of  its 
action  being  shown  by  Fig.  1.  When  there  e.vists  through 
a  system  of  piping  a  flow  of  air,  due  to  a  certain  pressure, 
a  part  of  this  pressure,  termed  the  "velocity  head"  or 
"velocity  pressure,"  is  transformed  into  velocity,  while  the 
balance,  termed  "static  head,"  serves  to  produce  pressure. 
The  sum  of  these  two  make  up  the  total  head  or  pres- 
sure, also  frequently  referred  to  as  "dynamic  head." 

Either  the  total  pressure  or  static  pressure  may  be  read 
from  a  gage,  but  the  velocity  pressure  is  determined  indi- 
rectly. If  a  bent  tube  with  an  open  end  be  inserted  in  an 
air  duct,  as  at  B  in  Fig.  1,  with  the  open  end  facing  the 
air  current,  a  pressure,  due  to  both  the  velocity  and  static 
head,  will  be  produced  in  this  tube. ,  This  is  the  total  or 
dynamic  head,  and  the  amount  can  be  read  on  an  attached 
gage  or  manometer  tube.  If  instead  of  a  bent  tube,  a 
straight  tube  be  inserted,  as  at  .-1,  the  difference  in  levels 
in  the  manometer  tube  will  indicate  the  static  head  or 
pressure.  The  velocity  head  or  pressure  may  then  be  de- 
termined by  subtracting  the  static  from  the  total  manom- 
eter reading. 

The  pitot  tube  as  ordinarily  used  is  an  instrument  com- 
bining the  two  tubes  just  described,  as  shown  at  C,  the 
outer  ends  being  connected  to  the  two  legs  of  the  same 
manometer.  By  this  means  the  subtraction  is  made  auto- 
matically and  the  difference  as  shown  by  the  gage  is  due 
to  velocity  pressure  only.  These  tubes  are  usually  com- 
bined in  some  such  form  as  shown  in  Fig.  2. 

Great  care  should  be  taken  to  keep  the  tube  fixed  in  a 
position  exactly  parallel  to  the  direction  of  flow,  as  only 
when  in  this  position  will  the  reading  be  correct ;  it  should 
be  pointed  against  the  direction  of  flow.  A  convenient 
form  of  gage  for  use  with  low  pressures  is  the  ordinary 
Ellison  differential  draft  gage.  The  pressure  may  be 
read  either  in  inches  of  water  or  of  mercury. 

Theory  of  Pitot  Tube 

This  is  thoroughly  discussed  by  Frank  H.  Kneeland, 
together  with  a  study  of  some  of  the  different  forms,  in 


a  paper  read  before  the  American  Society  of  Mechanica'i 
Engineers,  in  December,  1911.  Having  determined  the 
velocity  head  as  above  explained,  the  actual  velocity  may 
be  calculated  by  means  of  the  formula. 

1'  =  VT7/; 

where 

r  =  Velocity  in  feet  per  .second  ; 
(J  =  Acceleration  due  to  gravity  in  feet  per  .<ec()iid : 
/(  =  A'elocity  head  in  feet  of  air. 
Let  Fi  =  velocity  in  feet  per  minute.     Then 
F,   =  60  V  2  gh 
The  value  of  h  in  the  above  formula  is  expressed  in 
head  of  air  in  feet,  whereas  the  measurements  taken  are 
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FIG.  2     PITOT   TUBE 
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ordinarily  /'i  =  head  of  water  in  inches  as  reatl  on  the 
manometer.  Letting  w  =  weight  of  air  per  cubic  foot 
and  d  =  density  of  water  in  pounds  per  cubic  foot,  giv^ 

With  air  at  70  deg.  and  29.92  in.  barometer,  d  =  62.31  ^ 
and  w  =  0.07494,  whence  the  above  formula  becomes 


/!•  V  h. 


the 

QO^ 
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\  12  X  0.07494 

From  this  it  may  be  seen  that  the  velocity  at  70  deg. 
and  29.92  in.  barometer,  due  to  1-in.  pressure,  is  4005  ft. 
per  min.,  and  the  velocity  at  any  other  pressure  may  be 
determined  from  the  above  relation.  That  is,  the  velocity 
varies  as  the  square  root  of  the  pressure.  For  any  other 
temperature  or  barometric  pressure  the  velocity  may  be 
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found  by  inserting  the  proper  values  of  d  and  w  in  the 
above  formula,  or  from  the  ratio  of  the  absolute  tem- 
perature or  barometric  pressure,  since  at  constant  pressure 
the  velocity  will  vary  directly  as  the  square  root  of  the 
absolute  temperatures  or  inversely  as  the  square  root  of 
the  barometric  pressures.  Table  1  gives  the  velocity  at 
various  pressures  for  air  under  standard  conditions  of  70 
deg.  F.  and  89.92  in.  barometer. 

These  formulas  may  be  considered  sufficiently  accurate 
for  ordinary  velocities,  say  up  to  6000  ft.  per  min.  Above 
that  velocity  and  for  very  accurate  work,  various  correc- 
tions should  be  made.  These  corrections,  based  on  the 
experiments  of  Capt.  D.  W.  Taylor,  are  discussed  by  Mr. 
Kneeland  in  the  paper  already  referred  to. 

Use  of  Pitot  Tube  in  Air  Dcct 

For  fan  testing  or  in  ventilation  work  the  pitot  tube 
may  be  used  to  determine  the  velocity,  and  hence  the 
quantity,  of  air  flowing  through  a  duct  or  pipe.  The  tube 
should  be  inserted  at  a  point  where  the  duct  is  .straight 
and  the  flow  undisturbed.  In  testing  a  fan  the  pitot  tube 
should  be  placed  from  10  to  20  diameters  from  the  fan 
outlet  with  the  point  directly  facing  the  blast.     T!ie  air 


The  position  of  each  successive  point  may  be  found  by 
dividing  each  ring  into  two  equal  areas  and  adding  one 
of  these  to  the  sum  of  the  preceding  areas.  The  radius 
of  this  resulting  area  will  locate  the  desired  point. 

Expressed  by  means  of  a  series  of  formulas,  these  points 
may  be  found  as  follows : 
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B.  = 
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where  B^,  B„,  B,^  and  R^  =  the  distances  from  the  center 
to  the  points  where  the  readings  should  be  taken  in  each 
successive  ring,  and  a  =  the  area  of  each  zone  or  ring. 


TABLE  I. 

CORRESPONDING  \'ELOCITV  FOR 

DRV  AIR  . 

Pressure 

Temperati 

Inches 

Ounces 

50 

60 

70 

SO 

100 

0  1 

0.0577 

1242 

1255 

1266 

1278 

1,300 

0.2 

0.1154 

1757 

1776 

1791 

1808 

1.841 

0.25 

0.1443 

1963 

1986 

2003 

2022 

2,059 

0.3 

0.1730 

2151 

2175 

2193 

2214 

2,254 

0.4 

0.2308 

2485 

2512 

2533 

2357 

2,603 

0  5 

0.2884 

2778 

2808 

2832 

2S59 

2,911 

0  6 

0  3460 

3043 

3076 

3102 

3131 

3.188 

0.7 

0  4037 

3287 

3323 

3351 

3383 

3.445 

0  75 

0.4326 

3402 

3439 

3468 

3501 

3.565 

0,8 

0  4014 

3524 

3552 

3582 

3616 

3,682 

0  9 

0  5190 

3728 

3768 

3800 

3836 

3.906 

10 

0  5768 

3929 

3971 

4005 

4043 

4,117 

1  25 

0  7209 

4393 

4440 

4478 

4520 

4,602 

1  50 

0  8650 

4812 

4864 

4905 

4952 

5,042 

1   75 

1  0092 

5197 

5254 

5298 

5348 

5.446 

2  00 

1 . 1.535 

5556 

5616 

5664 

.5718 

5,822 

2  25 

1.2975 

.5892 

5956 

6007 

6064 

6,174 

2   50 

1.4418 

6211 

6278 

6332 

6392 

6,508 

2  75 

1.5860 

6514 

6585 

6641 

6704 

6,827 

3  00 

1  7300 

6807 

6879 

6937 

7003 

7,130 

4  00 

2  3070 

7857 

7942 

soio 

8086 

8,233 

5.00 

2  S840 

8772 

8867 

8943 

9027 

9,192 

6  00 

3  4600 

9623 

9728 

9810 

9903 

10.083 

AND  TEMPERATIRES 


1,33S 
1,921 
2,149 
2,352 
2,717 
3.038 
3.327 
3.595 
3,720 
3,843 
4,076 
4,296 
4,804 
5,262 
5,683 
6,076 
6.443 
6,792 
7.124 
7.440 
8,592 
9.593 
10,523 


200 
1,413 
2.000 
2.235 
2.447 
2,S27 
3.160 
3,402 
3.740 
3.870 
3,997 
4.241 
4.470 
4,997 
5,474 
5,912 
6,320 
6.704 
7,066 
7.412 
7,742 
8,940 
9.980 
10.950 


300 
1.516 
2,145 
2,399 
2,626 
3,033 
3,39i 
3,715 
4.013 
4.1.53 
4.290 
4.550 
4.796 
5.362 
5,874 
6,344 
6,7S3 
7,193 
7,582 
7,952 
8,307 
9,581 
10,710 
11.750 


500 

1,704 

2,411 

2,696 

2,952 

3.409 

3,812 

4.175 

4.510 

4.66S 

4.82i 

5.114 

5,390 

6,027 

6.602 


S.938 
9,336 
10,780 
12,037 
13.203 


pipe  should  be  the  same  diameter  as  the  fan  outlet. 

The  velocity  pressure  shown  with  the  tube  in  the  cen- 
ter of  the  duct,  will  be  higher  than  the  average,  and  will 
vary  at  different  points  from  the  center  to  the  sides  of  the 
duct.  To  obtain  the  true  or  average  prfessure  it  is  neces- 
sary to  multiply  the  velocity  pressure  reading  obtained  at 
the  center  by  the  proper  coefficient.  Various  authorities 
give  a  coefficient  of  from  0.87  to  0.91  for  circular  pipes, 
but  the  results  of  careful  experiments  show  that  a  coeffi- 
cient of  0.89  for  square  and  0.90  for  round  pipes  will  give 
the  true  average  velocity  pressure  when  readings  are  taken 
at  the  center  of  the  pipe  or  duct.  Fairly  accurate  results 
may  be  obtained  by  multiplying  the  velocity  at  the  center 
of  tlio  pipe  by  0.95  to  obtain  the  average  velocity. 

For  more  accurate  work  it  is  better  to  make  a  traverse 
of  the  pipe  and  either  determine  the  coefficient  for  the 
ca.se  in  question  or  take  the  average  of  all  of  the  read- 
ings. Where  the  duct  is  rectangular  it  may  be  divided 
into  a  number  of  .small  squares  or  rectangles  and  a  reail- 
ing  taken  in  the  center  of  each.  Then  the  average  of  all 
of  tiie  velocities  corresponding  to  these  pressures  will  give 
the  true  velocity  in  the  duct.  In  case  the  pipe  is  round,  its 
area  should  be  divided  into  a  number  of  conccntrii'  zones 
or  rings  f)f  equal  area,  and  four  readings  taken  in  each 
area,  readings  being  taken  horizontally  and  vertically 
across  the  pipe. 


The  location  of  the  points  on  a  traverse  where  reading.s 
should  be  taken  is  shown  in  Fig.  3.  While  theoretically 
four  readings  should  be  taken  in  the  center  zone,  as  a  mat- 
ter of  fact  the  velocity  over  this  area  may  be  considered 
])ractically  constant,  and  iki  appreciable  error  will  lie 
cau-sed  by  taking  only  one  reading  at  the  center.  The 
values  in  Table  2  are  based  on  the  above  foriiuilas  for 

TABLE  2.     PIPE  TRAVERSE  FOR  PITOT  TIBE  READINGS, 

DISTANCE  FROM  CENTER  OF  PIPE  TO  POINT  OF  READING  IN 

PER  CENT    OF  PIPE  DIAMETER 


Equal 

No.  of 

Sec- 

.Sev- 

.•Vrcas in 

Head- 

First 

ond 

Third 

Fourth 

Fifth 

.Sixth 

enth  EiKhth 

Traverse 

ings 

R. 

R, 

R, 

H. 

K,. 

R. 

R,        R. 

3 

12 

20.4 

35.3 

45  5 

4 

16 

17  7 

30  5 

39  4 

46.6 

5 

20 

IS  5 

27  2 

.35  3 

41    7 

47  4 

6 

24 

14.5 

25  0 

.32  3 

.■J8  2 

43  3 

47  9 

7 

28 

13  4 

23   1 

29  9 

.35.3 

40   1 

44.3 

48  2 

8 

32 

12  5 

21   fi 

2X  0 

33  2 

37  (i 

41   5 

45.1     48  4 

laying  out  a  traverse  and  will  \<v  found  very  convenient 
I'or  that  purpose.  As  an  example  of  its  use  a,s.suine  that 
a  traverse  is  to  be  made  of  a  2-)-iii.  pipe,  twelve  readings 
to  be  taken.  One  reading  will  be  taken  at  0.204  X  24  = 
4.!»  in.  from  the  center  of  the  ])ipe:  one  at  O.S.'iS  X  24  = 
S.46  in.  from  the  center:  and  one  at  *y\Tt^  X  24  —  10.93 
in.  from  the  center. 

.■\ii  example  of  laying  out  a  liavci'.><e  and  linding  the 
average  velocity  through  a  round  duct  is  illustrated  in 
Fig.  3,  drawn  from  test  results.     Twelve  readings  were 
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takeu,  as  shown  ou  the  diagram,  the  points  being  laid  out 
according  to  Table  2.  The  velocities  were  then  computed 
for  each  point  and  the  average  velocity  for  each  area 
plotted  as  shown,  the  points  ou  the  lower  and  upper  half 
of  the  plot  being  the  same.  A  curve  drawn  through  these 
points  will  indicate  the  velocity  at  the  edge  and  at  the 
center  of  the  pipe,  and  these  points  should  be  used  in 
calculating  the  average  velocity. 

Circulation  through  Shunted  Hot 
Water  Radiators 

By  L.  L.  Brewstek 

Two  common  methods  of  installing  the  piping  and 
radiators  for  a  hot-water  heating  system  are  in  common 
use  in  this  country.  In  one  the  risers  and  return  mains, 
of  which  there  are  several  in  various  parts  of  the  building, 
are  run  vertically  and  the  connections  to  the  radiating 
t-urface  are  made  from  the  vertical  riser  and  return  pipes. 
In  the  other,  usually  a  single  pair  of  risers  extend  to  near- 
Iv  the  full  height  of  the  building  and  on  each  floor  a  loop 
of  piping  is  run  around  the  entire  tloor  as  a  branch  from 
the  riser,  and  connected  to  the  return  pipe.  In  this  sys- 
tem the  radiation  is  connected  on  each  loop,  as  shown 
in  Fig.  1.  The  loop  itself  is  usually  just  under  the  floor, 
and  radiator  connections  are  taken  through  the  floor  to 
the  radiators  which  are  in  the  story  above.  The  flow  of 
water  through  the  loop  is  from  the  riser  around  the  loop 
and  into  the  return,  and  almost  always  this  pipe  is  of  a 
uniform  size  throughout.  At  first  glance  it  would  seem 
that  there  would  be  no  circulation  of  water  whatever 
through  the  radiators  and  the  riser,  and  the  reason,  there- 
fore, is  oftentimes  obscure  to  many  who  do  not  stop  to 
analyze  the  action  which  takes  place. 

Under  average  conditions  the  temperature  of  the  water 
flowing  into  the  loop  is  about  180  deg.  F.,  and  the  tem- 


%~\  !^] 


H 


Radiai-ors 


Fig.  1.  Shunted  Radiators  of  Hot-water  Systeji 

perature  drop  through  the  loop  is  rarely  over  10  deg.  F., 
and  often  as  low  as  5  deg.  F.  This,  of  course,  means  that 
a  large  volume  of  water  is  circulated.  The  pipe  sizes 
should  Ije  so  proportioned  that  the  velocity  of  circulation 
is  not  over  10  ft.,  and  good  practice  confines  it  to  about 
7  or  8  ft.  per  sec. 

The  explanation  of  water  circulation  through  the  radi- 
ator can  best  be  understood  by  reference  to  Fig.  3.  In 
the  first  place,  assume  that  the  radiator  is  connected  to 
the  large  tank  (shown  in  dotted  lines)  of  hot  water  at 
180  deg.  F.,  which  is  not  in  circulation,  but  which  is 
maintained  at  about  this  temperature.  With  a  room  tem- 
]3erature  of  70  deg.  F.  or  less,  there  will  be  a  temperature 
difference  of  110  deg.,  which  is  quite  sufficient  to  cool  the 
water  in  the  radiator  enough  to  produce  a  distinct  and 
positive  difference  of  static  head  between  the  riser  and 
return  connections.     In  other  words,  there  is  a  thermo- 


siphon  action  due  to  the  cooling  of  the  water  in  the 
radiator  which  produces  a  flow  in  exactly  this  same  way 
and  just  as  positively  as  in  any  hot-water  heating  system 
where  the  circulation  is  not  forced,  and  also  as  in  a  great 
many  cooling  arrangements  in  use  in  connection  with  gas 
or  gasoline  engines.  This  circulation  will  continue  just  as 
long  as  there  is  a  difference  in  temperature  between  the 
water  in  the  radiator  and  that  in  the  tank  below. 

If  for  the  tank  the  pipe  which  constitutes  the  loop  is 
substituted,  the  same  action  follows,  even  though  the 
water  in  the  loop  may  be  moving  at  considerable  veloc- 
ity.    The  thermo-siphon  effect  whirh  produces  a  cireula- 
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Fig.  2.    Illustrating  Flow  through  Radiator 

tion  through  each  radiator  is  just  as  positive  when  the 
radiator  is  connected  to  the  flow  main,  as  if  it  were  con- 
nected to  a  stationary  tank  or  reservoir  of  water. 

It  has  been  assumed  and  stated  by  some  that  the  flow 
of  water  through  the  radiator  is  due  to  the  fact  that  the 
])ath  through  the  radiator  is  one  of  less  resistance  than 
ihat  through  the  main,  but  this  is  not  so.  It  matters  not 
what  the  relative  location  of  the  flow  main  and  radiator 
may  be,  or  what  the  connections  may  be,  except  that  one 
connection  to  the  radiator  should  be  made  at  a  higher 
elevation  than  the  other.  Circulation  will  take  place  as 
long  as  there  is  a  cooling  effect  which  will  decrease  the 
temperature  of  the  water  in  the  radiator  below  that  in  the 
flow  main. 

In  reality,  the  condition  of  flow  through  a  single  radi- 
ator or  through  any  number  of  radiators  considered  in- 
ilividually,  is  brought  about  in  exactly  the  same  manner 
and  is  just  as  positive  as  the  circulation  of  hot  water  in 
any  hot-water  heating  system  in  which  the  water  is  not 
mechanically  driven  through  the  system  of  piping.  The 
water  in  the  flow  main  or  loop  may  in  this  sense  be  con- 
sidered a  source  of  heat  just  as  the  hot-water  heater  in  the 
complete  system  is,  and  in  this  case  the  radiator  itself 
with  its  connecting  piping  is  a  circulating  system  which 
operates  on  the  thermo-siphon  principle. 

[Some  discussion  of  this  problem  would  be  of  interest. 
What  would  happen  if  the  radiator  were  below  the  main? 
Does  the  difference  in  head  between  the  two  connections 
to  the  radiator  play  no  part  in  the  action  and  what  about 
the  relative  size  of  piping?  Whether  the  system  operates 
by  gravity  or  has  forced  circulation  will,  of  course,  make 
a  difference,  and  in  the  discussion  the  type  of  system 
should  be  specified. — Editor.] 

A  well  designed  and  operated  furnace  will  burn  many 
coals  without  smoke  up  to  a  certain  number  of  pounds  per 
hour,  the  rate  varyingr  with  different  coals,  depending  on 
their  chemical  composition.  If  more  than  this  amount  is 
burned,  the  efficiency  will  decrease  and  smoke  will  be  made, 
owing  to  the  lack  of  furnace  capacity  to  supply  air  and  mi 
gases. — "Practical    Electricity    and    Engineering,"    Nov.,    '12. 
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Why   Do  Economizers  Explode? 

It  is  not  often  that  an  economizer  explodes,  but  when 
cue  does  the  results  are  as  disastrous  to  life  and  prop- 
erty as  if  occasioned  by  a  boiler  explosion. 

Perhaps  it  is  because  so  little  has  been  pulilished  re- 
garding economizer  accidents  that  engineers  have  looked 
upon  them  as  nothing  more  to  be  feared  than  a  feed- 
vater  heater.  Perhaps  defects  and  weaknesses  in  econo- 
mizers are  considered  of  so  little  moment,  viewed  from 
the  point  of  safety,  that  they  are  looked  upon  as  common- 
jjlace,  and  not  worth  talking  about,  but  is  this  true? 

AVhat  causes  an  economizer  to  explode  and  what  precau- 
tion should  be  taken  to  insure  its  safety  in  operation? 
Apparently  there  are  several  reasons  why  damage  to  the 
power  plant  may  occur,  some  of  which  are  occasioned 
liy  carelessness  on  the  part  of  an  attendant.  For  instance, 
an  economizer  may  be  cut  out  of  service  for  cleaning  or 
repairs.  The  gases  from  the  boiler  furnaces  are  bypassed 
to  the  chimney,  and  the  feed  water  is  shut  off  from  the 
economizer.  After  repairs  have  been  made  there  is  a 
chance  that  the  hot  furnace  gases  may  be  turned  through 
the  economizer  again  without  opening  the  valves  in  the 
inlet  and  outlet  pipes.  The  water  in  the  economizer  would 
become  heated,  steam  would  be  generated  and  an  explo- 
sion from  excessive  pressure  would  occur. 

Another  possible  cause  of  explosion  is  an  accumulation 
of  gases  in  the  economizer  after  it  has  been  cut  out  of 
service,  due  to  a  leaking  damper.  A  lighted  torch  could 
ignite  the  gas,  which  might  wreck  the  economizer. 

If  the  economizer  were  cut  out  of  service  for  any  rea- 
son and  the  dampers  leak,  what  is  to  prevent  the  water  left 
in  the  tubes  from  generating  steam  to  a  pressure  sufficient 
to  explode  the  economizer?  How  much  leakage  of  hot 
gases  past  the  dampers  would  he  necessary  to  produce 
this  result? 

Most  economizers  are  so  piped  that  the  feed  water  is 
pumj)ed  from  an  open  heater,  through  them  to  the  boil- 
ers; the  economizer  woidd  then  be  under  boiler  pressure. 
If  a  header  or  tube  becomes  weakened,  the  pressure  may 
(au.se  a  rupture  with  serious  results. 

Suppo.se  the  firemen  in  the  boiler  room  attend  to  tiu' 
water  level  in  the  boilers  they  are  operating  and  suppose 
the  demand  for  steam  decreases  for  a  time,  eaclf  fireman 
would  naturally  shut  off  the  supi)ly  of  feed  water  to  his 
boilers,  not  by  throttling  the  pumji,  but  by  closing  the 
valve  in  the  feed  pipes,  paying  no  attention  to  what  the 
otlicr  firemen  were  doing.  If  the  jiump  were  not  equipped 
with  a  regulator  <he  pressure  woidd  build  up  in  the  econo- 
mizer, if  it  is  between  the  pump  and  the  boiler,  and  most 
if  them  are.  AVhat  happens?  The  pump  continues  to 
opcrale  at  its  normal  capacity,  but  as  the  discharge  be- 
yond the  economizer  has  been  throttled  the  pressure  in  tlie 
(lonomizer  becomes  so  excessive  that  the  metal  is 
ni))1iir('d,  jiiiil  the  water  at  high  temperature  flashes  into 
steam,  producing  a  terrific  explosion. 

Such  a  condition  roiilrl  orciir  with  each  fireman  work- 
ing independent  of  tiic  other.     It  might  not  happen  in 


years  of  service,  but  if  the  firenu-u  were  not  working  to- 
gether there  would  be  such  a  danger. 

Owing  to  the  location  and  work  done  by  economizers  it 
is  difficult  to  inspect  them  as  thoroughly  as  a  steam 
boiler,  but  it  is  just  as  necessary.  Many  interesting  ex- 
l)erieuees  with  economizers  could  doubtless  be  related  by 
engineers  who  have  operated  them,  which,  if  published, 
would  be  of  value  in  assisting  others  to  prevent  accidents 
from  various  causes.  If  any  reader  has  had  any  such  ex- 
perience, we  would  welcome  its  account  for  publication. 

Be  Neighborly 

The  custom  among  engineers  of  visiting  other  plants  to 
look  over  the  equipment  and  exchange  ideas  is  good  and 
should  be  encouraged.  Some  acquaintances  thus  made 
from  what  was  intended  as  a  casual  visit  develop  into  last- 
ing and  mutually  helpful  friendships.  Seldom  will  a  visit 
to  a  strange  plant  be  made  without  some  benefit  being 
derived.  Unfamiliar  machinery  is  seen  in  operation  and 
discussed,  new  and  original  methods  of  boiler  and  en- 
gine management  are  noticed,  working  conditions  and 
wages  may  be  talked  over  and  comparisons  drawn;  all  of 
which  tend  to  establish  a  bond  of  fraternity  in  a  vocation 
which  is  individually  isolated. 

As  a  rule,  engineer  visitors  are  cordially  received  and 
given  every  opportunity  to  enjoy  and  profit  by  their 
visits.  Occasionally,  however,  the  visitor  is  not  admitted 
until  he  has  been  cross-examined  as  to  his  identity  and 
the  purpose  of  his  visit  in  a  way  he  may  think  uncalled 
for  and  resent.  Offense  at  such  a  greeting  should  not  be 
taken  too  quickly,  as  it  is  quite  likely  that  the  engineer 
is  merely  justifiably  cautious,  and  the  reserve,  or  pos- 
sibly incivility,  generally  disappears  when  he  is  satisfied 
that  the  visitor  has  no  ulterior  motive. 

Itinerent  j^edlars  and,  too  frequently,  agents  for  engi- 
neering supply  houses  are  responsible  for  tliis  caution  on 
the  part  of  the  engineer.  Instead  of  stating  their  busi- 
ness in  a  direct,  straight-forward  manner  and  leaving  it 
to  the  engineer  as  to  whether  he  is  inte'"-  '•■,'.  ^^  can  spare 
the  time  to  discuss  the  matter,  many  agents  adopt  the 
subterfuge  of  being  desirous  of  looking  the  plant  over, 
and  when  it  is  believed  that  the  engineer's  attention  can 
l)e  compelled,  samples  are  jiroduced  and  the  real  object 
of  the  visit  is  disclosed.  Naturally  the  engineer  resents 
this  thievery  of  his  time,  and  consequently  is  suspicious 
of  visitors  and  a  bit  chilly  in  his  attitude  tow-ard  them. 

Another  undesirable  visitor  who  has  done  much  to  rul) 
the  "Welcome"  off  tlie  power-plant  mat  is  the  biluilous  en- 
gneer  who  has  abundant  leisure  and  intrudes  in  engine 
iind  boiler  rooms  while  in  a  condition  which  cannot  be 
tolerated.  In  the  engineering  vocation,  as  in  other  walks 
'  f  lif(!,  a  man  is  likely  to  be  judged  by  the  personal  ap- 
pi'M ranee  and  demeanor  of  the  peo])le  he  entertains. 

.\s  a  class,  engineers  are  broad-minded  and  affable;  so 
one  need  not  hesitate  to  ask  admittance  if  lu'  plainly 
states  his  jMirpose  and  his  appearance  is  respectable. 
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The  American  Institute  of  Steam 
Boiler  Inspectors 

As  tlio  steam  boiler  is,  ami  undoubtedly  always  will  be 
the  most  vital  part  of  power-plant  equipment,  any  and 
all  organized  eSort  to  better  plant  conditions  and  promote 
public  safety  by  encouraging  the  building  of  better  boilers 
and  the  exercise  of  greater  care  in  their  operation  and 
upkeep  is  to  be  welcomed. 

The  American  Institute  of  Steam  Boiler  Inspectors  or- 
ganized about  two  years  ago  is  proving  a  factor  for  good 
in  this  direction.  By  exchanging  ideas  and  experiences 
and  listening  to  lectures  dealing  with  every  phase  of 
boiler  design,  construction  and  operation,  the  boiler  in- 
spector becomes  more  valuable  to  society  and  his  employer. 

Much  ado  is  made  of  the  avoidable  destruction  of  life 
and  property  by  the  countr_\''s  industries.  That  is  as  it 
should  be.  It  is  strange  that  so  little  attention  is  paid 
by  the  general  public  to  the  destruction  of  life  and  prop- 
erty by  the  explosion  of  steam  boilers.  There  is,  on  an 
average,  one  boiler  explosion  a  day,  each  more  or  less  de- 
structive of  life  and  property,  and  too  often  these  losses 
are  avoidable. 

Besides  learning  how  to  do  their  own  work  better  the 
work  of  the  boiler  inspectors'  institute  should  be  to  com- 
bat this  evil  by  promoting  boiler  legislation.  Surely  there 
are  few  organizations  better  qualified  to  draw  up  good 
boiler  laws  than  the  inspectors.  To  do  their  everyday 
work  at  all  they  must  be  specialized  in  finding  defects  and 
their  causes  and  in  recommending  the  proper  use  of  de- 
fective boilers  until  the  necessary  repairs  are  made. 

The  institute  will  be  glad  to  have  the  cooperation  of 
engineers,  boiler  makers,  designers,  etc.,  and  as  all  of  its 
meetings  are  open  ones,  the  plant  engineer  and  others,  by 
attending  and  participating  in  the  discussions,  not  only 
can  cooperate  but  can  learn  much  that  is  valuable  to  them 
and  which  will  aid  them  in  performing  their  own  work 
better.  We  wish  success  to  the  American  Institute  of 
Boiler  Inspectors. 

The  Divine  Affirmative 

Somewhere  sometime  we  read  something  about  some- 
thing like  that — and  it  made  a  deep  impression.  The  gist 
of  it  was  that  the  fellow  that  succeeds  is  he  that  asserts 
himself.  When  he  gives  orders,  obedience  is  impulsive; 
there  is  no  doubtful  tone  to  the  command  and  it  is  a 
foregone  conclusion  that  what  is  asked  simply  must  be 
done.  Those  receiving  the  instructions  find  themselves 
carrying  them  out  before  they  have  had  time  to  raise  any 
questions  as  to  whether  or  not  they  can  or  should  carry 
them  out. 

Perhaps  this  chap  with  the  confident  manner  has  no 
more — maybe  less — ability  than  the  timid,  diffident 
apologetic  man,  but  he  gets  higher  up  in  the  scale  of  life's 
successes  by  sheer  force  of  his  pugnacity. 

The  worst  thing  about  this  "divine  affirmative"  is  its 
close  relationship  to  a  quality  that  is  anything  but  divine, 
and  hasn't  such  a  polite  name  either — just  plain  "bluff." 

How  often  we  have  heard  someone  referred  to  as  a 
"bluff."  He  knows  nothing,  but  he  "chucks  a  bluff."  Very 
often  he  "gets  away  with  it."  Far  be  it  from  us  to  com- 
mend this  sort,  on  general  principles,  but  we  must  give 
him  credit  for  having  discovered,  consciously  or  uncon- 
sciously, the  value  of  self-assertion.    He  may  undeserved- 


ly succeed,  if  not  permanently,  for  a  time  at  least;  and  it 
is  better  to  be  a  "has  been"  than  a  "never  was."  On 
the  other  hand,  many  a  one  with  real  merit  never  has  at- 
tained the  success  he  deserves  and  nine  hundred  and 
ninety-nine  times  out  of  a  thousand,  the  explanation  is 
the  same,  although  variously  characterized  as  "lack  of 
push,"  "diffidence,"  "modesty,"  "inertia,"  "lack  of  self- 
confidence,"  etc.  But  it  makes  no  difference  what  it  is 
called;  they  are  all  one  and  the  same  thing. 

These  two  types  of  men  are  prevalent  and  account 
for  such  apparent  inconsistencies  as  the  fool  of  his  class 
now  riding  in  his  automobile  while  the  honor  man  barely 
ekes  out  an  existence.  That  the  one  succeeds,  often  in 
spite  of  lack  of  ability,  and  that  the  other  fails,  usually 
in  spite  of  ability,  is  only  a  matter  of  psychology  after 
all.  It  is  instinct  to  trust,  without  question,  the  self- 
reliant  man,  to  grant  authority  to  him  who  assumes  it 
and  generally  to  make  way  for  the  forceful,  masterful 
man.  Equally  is  it  natural  to  distrust  without  reason 
the  hesitant  man,  to  ignore  the  behests  of  him  who  can- 
not appropriate  authority  and  make  it  a  practice  of  push- 
ing aside  the  man  who  offers  no  resistance. 

Take  pattern  from  the  bluff,  but  beat  him  at  his  own 
game  by  being  prepared  to  make  good  when  tested,  for, 
although  the  world  stands  aside  while  the  "pusher"  goes 
by,  it  examines  him  carefully  from  the  rear  and  if  he 
presumed  without  "having  the  goods"  it  trips  him  up 
before  he  gets  far. 

The    Central    Station 

If  the  running  of  many  small  industries  from  a  central 
power  plant  is  the  social-economical  thing  to  do  it  will 
be  done  and  no  blind  opposition  or  senseless  wriggling 
under  the  squeezing  process  will  stop  it. 

But  is  it?  If  an  individual  owned  any  large  city  and 
everything  in  it,  would  he  put  in  a  single  large  power  sta- 
tion and  run  everything  from  it,  or  would  he  have  a 
multiplicity  of  small  plants,  one  for  each  industry?  Prob- 
ably he  would  do  neither.  He  would  group  neighborhood 
plants  so  as  to  get  the  economy  of  aggregation  and  the 
averaging  effect  of  multiple  demand,  and  to  use  the  heat 
rejected  by  the  engines  for  heating  and  other  useful  pur- 
poses. 

There  are  many  places  where  central-station  cur- 
rent is  logical,  economical  and  the  right  thing  to  use. 
There  are  many  places  where  it  is  a  misfit  and  where  it 
costs  the  customer  much  more  than  he  could  make  it  for, 
and  very  much  more  than  he  and  his  neighbors  upon  the 
.same  block  could  make  it  for,  if  they  would  put  a  power 
plant  in  one  of  the  courts  or  cellars  of  the  block  and  heat, 
light  and  drive  the  whole  block  from  it,  each  tenant  or 
user  paying  his  proportionate  share. 


One  of  the  simplest  pieces  of  apparatus  used  in  the 
testing  of  power-plant  equipment  is  also  one  of  the  least 
used — the  pitot  tube.  Frank  L.  Busey  has  likely  hit  the 
true  explanation  of  this  in  his  account  of  its  use  in  air 
measurements  on  page  1-56,  where  he  says :  "That  it  is  not 
more  extensively  used  is  probably  due  to  the  fact  that  it 
is  not  more  generally  understood."  He  then  proceeds  to 
try  to  overcome  this  obstacle  by  explaining  the  instrument 
in  very  clear  and  simple  language  and  indicates  its  wide 
field  of  usefulness. 
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Division  of  Expense  in  Isolated  Plant 

I  have  read  with  considerable  interest  diU'ereut  articles 
in  Power  and  otlier  mechanical  papers  on  the  victories 
won  by  the  isolated  plant  and  also  on  the  operation  of 
such  plants,  but  very  few  articles  are  accompanied  with 
figures  showing  the  division  of  expenses  of  all-year  op- 
eration, showing  what  should  be  charged  to  the  heating 
system  if  there  were  no  engines  and  generators,  and 
charging  to  the  electrical  output  during  the  summer 
months  everything  except  what  would  be  needed  to  keep 
the  place  in  operation  if  there  was  no  plant. 

I  hope  to  see  more  on  the  subject  and  trust  that  tlio 
authors  will  give  the   data  mentioned   above. 

C.  White. 

St.  Louis,  llo. 

Examination  Questions 

The  following  questions  were  asked  an  applicant  for  a 
first-class  engineer's  license  in  Massachusetts : 

1.  How  would  you  put  the  spool  in  the  center  of  the 
rod  of  a  duplex  pump  (it  having  slipped)  if  there  were 
no  marks  to  guide  you? 

2.  How  would  you  get  a  piston  off  a  duplex  pump  if 
you  had  tried  a  lead  hammer  on  the  end  of  the  rod  and 
it  had  proved  unsuccessful? 

.3.  How  many  steam  ports  are  there  in  a  duplex 
pump?    Why? 

4.  What  are  compression  valves  for  on  a  duplex 
pum]>? 

5.  Did  you  ever  put  a  new  set  of  snap  rings  in  a 
solid  piston  of  an  engine? 

6.  What  did  you  have  to  do  to  Ihcni  licforc  putting 
them  in  ? 

7.  What  diameter  snap  rings  would  you  order  for 
a  Iti-in.  piston? 

S.  Supposing  the  rings  were  just  cut  across,  how 
would  you  know,  without  figuring,  just  exactly  how  much 
to  take  out  in  one  cut  to  bring  a  ring  to  the  required 
size  ? 

9.  Did  you  ever  take  the  piston  out  of  an  American 
Ball  engine?  What  did  you  have  to  be  very  careful  of 
when  taking  the  piston  out? 

m.  How  did  you  put  it  back?  How  did  you  get  it  by 
the  counterbore? 

11.  Did  you  ever  have  the  valve  of  the  .Vmcriian 
l'.;ill  engine  out?  What  did  it  look  like?  Ilow  did  \nu 
put  it  back  again? 

12.  What  peculiarity  has  the  Ames  engine?  I  low 
would  you  change  the  lead  without  changing  any  of  I  lie 
moving  parts  or  changing  the  position  of  lln'  wheel  and 
still  have  the  lead  equal  on  each  eiul  ? 

l.'J.  If  you  just  took  charge  of  ii  plant  and  you  had  a 
higli-.speed  engine,  how  would  you  find  out  how  mucli 
clearance  you  had  on  each  end,  there  being  no  marks  for 
striking  points  and  no  time  to  find  thorn,  and  you  had 
to  start  up  in  a  few  minutes? 


14.  Were  you  vwv  inside  a  B.  &  W.  boiler?  Where 
and  how  does  the  fec(l  water  come  in?  Where  is  the 
mud  drum  ? 

15.  Show  by  a  drawing  how  the  tubes  of  a  B.  &  W. 
boiler  are  placed  with  reference  to  the  steam  and  water 
drum?  Show  where  the  baffles  are  placed  in  this  boiler 
and  the  path  taken  by  the  gases. 

16.  Give  two  reasons  for  the  tubes  being  inclined. 

17.  How  are  the  tubes  placed  with  reference  to  the 
dnam  of  a  Heine  boiler?  How  much  higher  is  the  water 
in  the  rear  end  of  a  Heine  boiler  than  in  the  front,  the 
l)oiler  being  18  ft.  long? 

18.  What  does  the  feed  pipe  of  a  B.  &  W.  boiler  pass 
through  on  the  inside  of  the  drum?  How  is  it  sup- 
ported ? 

10.     Where  is  the  mud  drum  in  a  Heine  boiler? 

20.  How  would  you  get  uj)  to  put  a  new  fusible  plug 
in  a  B.  &  W.  boiler? 

21.  How  would  you  get  to  the  other  side  of  the  baffle- 
plate  above  the  tubes? 

22.  What  would  you  be  very  careful  of  in  putting  a 
new  tube  in  the  bottom  row  of  a  B.  &  W.  boiler?  How 
would  you  get  the  old  one  out?  What  kind  of  a  cutter 
is  used  ? 

23.  If  vou  put  a  welded  tulie  in.  where  would  you  put 
the  weld? 

24.  What  would  you  be  particularly  careful  of  in 
regard  to  the  ends  of  the  tubes? 

25.  How  are  the  short  nipples  connecting  the  mud 
drum  of  a  B.  &  W.  boiler  made  tight?  What  docs  the 
tool  look  like  that  is  used  in  the  process? 

26.  If  a  man  came  from  the  boiler  shop  and  ex- 
panded some  new  nipples  in  the  mud  drum  of  a  B.  &  W. 
boiler,  how  would  you  know  if  the  job  would  be  tight 
before  you  started  the  boiler? 

27.  How  is  the  B.  &  W.  boiler  supported? 

28.  How  would  you  clean  the  soot  from  the  back 
of  the   l)ridge-wall  ? 

29.  What  care  would  you  give  the  uiiid  drum  of  a 
B.  &  W.  boiler? 

30.  How  is  the  HeiiU'  boiler  supported? 

.31.  Show  by  a  sketch  how  the  baffle-plates  are  placed 
ill  a  Heine  boiler  and  also  show  the  travel  of  the  gases. 

32.  How  do  the  Heine  stay-bolts  differ  from  (U'dinary 
.stay-bolts?    Why  are  they  iiollow? 

33.  How  are  the  i)lates  ])ul  in  a  lieiiic  boiler?  Where 
arc   the   handholes? 

,3  1.  How  would  yiiu  clean  oul  llic  mud  drum  of  a 
licin.'  boiler  if  tlu'  blowolf  td  the  mud  drum  gut  ]ilugged 
up? 

;!5.  (Showing  a  safety  valve  in  which  the  valve  is 
not  attached  to  the  spindle.)  Is  this  a  Massachusetts 
standard  valve?  Why?  H  this  valve  had  a  blow-down 
ring,  where  would  it  be?  If  you  wanted  this  valve  to 
blow  at  50  lb.  higher  pressure,  what  would  you  do? 

36.  Explain  the  advantages  of  suiierheated  steam. 

37.  Does  the  Stirling  boiler  have  straight  tubes? 
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38.  Show  by  drawing  how  the  sleam  and  water  drums 
are  connected  in  the  Stirling  boiler. 

39.  Show  the  path  of  the  water  circulation  in  this 
boiler. 

40.  What  is  a  cross-box?  How  is  it  inadc?  How 
is  it  attached  to  a  boiler? 

41.  What  shape  are  the  holes  cut  in  the  drums  of 
boilers  having  cross-boxes?  Doesn't  this  weaken  the 
boiler  ? 

43.  Why  is  it  the  Heine  boiler  has  throat  braces  near 
this  point,  while  the  B.  &  W.  has  not? 

43.  Show  how  the  Stirling  boiler  is  supported. 

44.  How  would  you  clean  out  the  bottom  drum? 

45.  Where  does  the  feed  water  enter  in  the  Stirling 
boiler? 

46.  Did  you  ever  run  the  Rollins  engine? 

47.  How  do  you  equalize  the  cutotf  on  the  Rollins 
engine  ? 

48.  How  do  you  equalize  the  cutot!  on  the  Putnam 
engine  ? 

49.  What  is  tiiere  on  a  Brown  engine  to  equalize  the 
cutoff?  Does  the  Brown  engine  ever  have  a  different 
method  of  adjustment?     If  so,  describe  it. 

50.  Of  what  material  is  the  shell  of  a  return-tulndar 
boiler  made  ?  What  material  is  used  in  the  heads  ? 
'\Mtat  is  the  limit  of  the  tensile  strength  for  each  ? 

51.  Suppose  you  fitted  a  new  snap  ring  to  a  piston 
of  an  engine,  and  the  ring  proved  to  be  too  narrow 
for  the  recess,  and  every  time  the  engine  took  steam 
on  that  end,  the  incoming  steam  caused  the  loose  ring 
to  knock.  What  would  you  do  to  stop  it  without  get- 
ting a  new  ring? 

52.  Did  you  ever  run   a  condensing  engine? 

53.  What  kind  of  a  condenser  did  it  have? 

54.  With  a  jet  condenser,  how  would  you  start  tlie 
engine  ? 

55.  If  you  were  called  away  from  the  engine  room 
for  twenty-iive  minutes  and  while  you  were  gone  a  con- 
siderable load  was  thrown  on  the  engine,  how  would 
you  fijid  things  when  you  got  back? 

56.  If  you  were  carrying  28  in.  of  vacuum  and  lost 
it,  how  much  would  you  have  to  increase  the  boiler  pres- 
sure to  carry  the  same  load  and  cutoff  at  one-quarter 
stroke,  the   same   as  before  losing  the   vacuum  ? 

57.  Is  there  any  danger  of  getting  water  in  the  en- 
gine with  a  jet  condenser?  What  do  they  do  to  prevent 
it  ?    Do  all  jet  condensers  have  vacuum  breakers  ? 

58.  Is  there  any  danger  of  water  getting  into  the 
cylinder  with  a  surface  condenser?     If  so,  why? 

59.  Is  there  any  danger  of  water  getting  into  the  cyl- 
inder, with  a  siphon  condenser? 

60.  Why  does  a  siphon  condenser  require  a  tail  pipe  ? 
How  long  is  the  tail  pipe? 

61.  Do  you  require  to  pump  the  condensing  water  to 
a  siphon  condenser? 

63.     Did  you  ever  run   a  siphon  condenser? 

63.  If  there  were  a  small  air  leak  abovtt  half  way  up 
the  tail  pipe,  how  would  it  affect  the  vacuum  ? 

64.  How  many  bolt  holes  are  there  in  a  12-in.  stand- 
ard flange  ? 

65.  Can  yoit  change  the  cutoff  of  one  steam  valve 
of  the  Putnam  engine,  without  changing  the  cutoff  of 
both? 

Olsen  M.  Jackson. 
South  Weymouth,  Mass. 


Notes  on  Portable  Steam  Engines 

Portable  self-contained  steam  units  consisting  of  a 
locomotive-type  boiler  with  an  engine  mounted  on  the 
barrel  of  the  boiler,  and  the  whole  mounted  upon  wheels, 
are  largely  used  for  agricultural  and  construction  j^urposes 
Such  a  method  of  construction  is  common  both  to  the 
large  traction  engine  for  road  haulage  and  the  steam  road 
roller.  There  are  one  or  two  unusual  features  concerning 
siudi  steam  units  worthy  of  notice.  The  first  is  the  special 
precautions  necessary  in  setting  the  slide  valves.  It  is 
obvious  that  such  an  engine  having  a  hot  boiler  shell  as 
a  bed,  requires  r.ather  different  treatment  to  that  accorded 
to  the  valves  of  an  ordinary  horizontal  engine.  If  the 
valves  are  set  carefully  in  the  ordinary  way,  the  efficiency 
of  the  plant  and  its  consequeitt  economy  are  seriously  im- 
paired. Many  instances  are  known  where  an  otherwise 
capable  engineer  has  failed  to  take  the  boiler  expansion 
into  account  and  then  has  been  sorely  puzzled  at  the 
alarming  increase  in  coal  consumption  after  overhauling 
the  engine. 

There  is,  of  course,  only  one  way  to  do  the  job,  and 
that  is  after  thorough  overhauling  and  elimination  of 
slack  due  to  wear,  to  leave  the  slide-chest  covers  off,  and 
raise  steam  in  the  boiler.  As  much  as  %  in.  is  quite  an 
ordinary  extension  in  length  of  the  portion  of  the  shell 
serving  as  the  engine  bed.  This  error  in  setting  small 
valves  makes  a  considerable  difference  in  the  results.  The 
expansion  also  alters  piston  clearances.  Total  clearance 
should  be  allowed  at  the  front  or  the  crank  end  of  the 
cylinder  if  adjustment  is  made  cold.  The  expansion  of 
the  boiler  then  provides  %-in.  clearance  under  cover. 

Usually  the  troui)le  is  caused  by  the  ordinary  conditions 
of  overhauling.  The  responsible  mechanic,  who  it  must 
be  remembered  has  nothing  to  do  with  the  engine  under 
steam,  having  oj)ened  up  the  cylinder,  assumes  the  valves 
are  improperly  set  and  follows  the  usual  practice  of  cen- 
tering the  cranks  and  splitting  valve  lead  at  each  end  of 
the  stroke. 

When  the  steam  is  on  the  boiler,  as  already  detailed,  the 
setting  becomes  so  faulty  that  the  engine  is  troublesome  to 
h.andle,  lead  being  doubled  at  one  end  of  the  stroke  and 
"blind"  at  the  other.  "Another  disadvantage  results  from 
the  juxtaposition  of  hot  boiler  shell  and  engine.  The 
l)eariiigs  are  always  warm.  This  fact  makes  the  provision 
of  a  good  lubricating  oil  of  high  viscosity  imperative,  or- 
dinarv  engine  lubricating  oil  being  too  light. 

A.  L.  Haas. 

London,  England. 

Diagrams  of  Cross  Compound  Engine 
Wanted 

The  writer  is  desirous  of  studying  conditions  of  valve 
adjustment  for  best  results  in  running  a  Corliss  cross- 
compound  condensing  engine  and  would  be  glad  to  receive 
diagrams  from  some  brother  engineer  taken  from  such  an 
engine,  driving  full  load,  when  running  condensing  and 
when  running  noucondensing,  with  valves  set  for  only 
enough  compression  for  quiet  running  when  running  con- 
densing. The  main  object  is  to  note  the  difference  in  com- 
pression when  running  the  engine  under  the  coitditions 
stated. 

L.  G.  Borden. 

Wharton,  Tex. 
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The  Value  of  the   Horsepower 

Referring  to  mj'  article  on  horsepower,  Jan  28  issue,  I 
find  that  the  conversion   lable  on  page  71   of  Marks  & 
Davis'  "Steam  Tables  and  Diagrams"  gives 
1  hp.  ^  550*  ft. -lb.  per  sec. 
1  hp.  =  0.7457  kw. 
1  cheval-vapeur,    or    Pferdekraft,    or    '"continental 

horsepower"  is  75-kg. -meters  per  sec. 
1  hp.  =  1.0139  chev.-vap.  =  0.7604  poncelet. 
1  poncelet  ^100  kg. -meters  per  sec. 
1  ft.-lb.  =  3.7662  X  10'  watt-hours  =  32.174  ft.- 
poundals. 
These  figures  correspond  exactlj-  to  the  ones  I  gave. 
Marks  &  Davis'  tables  are  generally  accepted  as  standard 
In"  American  engineers.     The  horsepower  thus  represents 
''the  same  amount  of  power  at  different  places,"  and  its 
relation  to  the  watt  is  a  definite  number   (see  Circular 
Xo.  34,  page  11) 

1  /(/;.  =  745.7  waits 

William  Kent. 
Xew  York  City. 

CooHng  Pond  of  Crescent  Plant 

The  test  report  of  the  performance  of  the  power  plant 
at  Wampum,  Penn.,  with  reference  to  the  impounded 
reservoir  for  condensing  purposes,  in  the  issue  of  Dec. 
3  was  read  with  interest.  It  was  my  pleasure  to  visit 
this  plant  while  it  was  in  operation  on  .several  occasions 
during  the  last  two  years.  I  have  come  to  the  conclu- 
sion that  it  is  the  worst  arrangement  for  a  hot-water 
tooler  that  I  have  ever  seen.  This  reservoir  is  certainly 
large  enough  (about  6I/2  acres),  the  trouble  is  that  there 
is  practically  no  movement  to  the  water,  the  surface  be- 
ing as  placid  as  a  plate  of  glass.  The  condensate  flows 
into  this  reservoir  at  one  end  and  is  drawn  out  near  the 
other  end  with  a  total  fall  of  about  one  foot,  and  as  the 
weather  becomes  warm  in  the  early  summer  the  entire 
volume  warms  u]i  and  remains  hot  until  the  cold  weather 
comes  on  again. 

I  most  certainly  disagree  with  the  engineers  who  de- 
signed this  plant  that  the  reservoir  will  cool  the  water  of 
condensation  sufficiently.  My  observation  leads  me  to 
the  conclusion  that  it  i.s  practically  impossible  to  provide 
a  reservoir  of  this  design  of  sufficient  cajjacity  to  main- 
tain a  low  temperature  during  the  entire  snmiiu'r. 

A  casual  glance  over  the  report  submitted  tells  the 
story.  This  is  a  juodern  power  ])lant  and  yet  the  in- 
jection water  is  so  hot  that  the  best  vacuum  possible  is 
22  in.  with  the  barometer  at  30  in.  and  the  barometer 
stands  like  this  for  nearly  four  months  of  the  year.  A 
well  designed  spray  system  nnist  be  added  to  distribute 
the  hot  water  to  produc-e  a  modern  economical  condensing 
j.lant. 

.\s  most  of  us  know,  a  portland-cemont  mill  is  kept  in 
operation  day  and  night  for  usually  about  ten  months  in 
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the  year,  being  only  shut  down  during  severely  colcf 
weather,  just  when  this  reservoir  would  be  most  effective. 
But  with  the  addition  of  a  properly  designed  cooling 
system,  it  would  be  very  successful  in  keeping  the  water 
cool  during  the  summer  season  when  the  mill  is  run  con- 
tinuously night  and  day. 

Charles  W.  Wilsox. 
Xew  Castle,  Penn. 

Dalton's  Law  in  the  Steam  Plant 

In  the  article  under  the  above  title,  appearing  in  the 
issue  of  Dec.  31,  the  author  discusses  the  flash  point  of 
an  oil,  as  an  illustration  of  the  application  of  Dalton's 
law.  He  endeavors  to  show  the  error  in  the  common 
idea  that  the  flash  point  will  be  made  higher  i)y  heating 
the  oil  in  an  atmosphere  of  steam  or  air  under  150  lb. 
pressure,  and  states,  "Xow  the  flash  point,  or  the  tem- 
perature at  which  ignitable  vapors  are  given  off,  of  most 
steam-engine  cylinder  oils  is  usually  between  500  and 
600  deg.  F.  They  evidently  then  have  to  be  heated  to 
this  temperature  before  their  vaf)or  pressure  equals  that 
of  atmosphere,  so  that  at  366  deg.  F.  (temperature  cor- 
responding to  150  lb.  steam  pressure)  their  vapor  pres- 
sure must  be  quite  low  and  the  150  lb.  steam  (a  different 
gas)  pressure  can  have  no  deferent  effect  on  the  forma- 
tion of  the  oil  vapor.  If  the  oil  were  tested  in  a  closed 
room  where  the  air  pressure  is  150  lb.,  the  same  flash 
point  would  result." 

The  above  statement  is  inaccurate  and  quite  mislead- 
ing, and  as  the  question  of  the  flashing  of  an  oil  is  com- 
mercially imiJortant,  though  often  misimderstood,  it  is 
worth  while  to  find  in  just  what  way  Dalton's  law  be- 
lomes  applicable  to  a  case  of  this  kind,  where  an  ex- 
])losive  mixture  is  formed. 

Consider  first  the  simple  case  of  an  open  pot  contain- 
ing a  liquid,  with  atmospheric  air  above.  Whatever  the 
liquid  there  is  always  s(mie  tendency  toward  vaporiza- 
tion, and  there  is  always,  therefore,  some  vapor  present 
;!nd  mixed  with  the  air  above  the  liquid.  Xot  only  that, 
but  there  is  a  quantitative  relation  between  the  weight 
of  air  and  weight  of  vapor  present.  As  was  rightly 
pointed  out  in  the  article  referred  to,  vaporization  oc- 
curs until  a  certain  known  maximum  vapor  pressure  is 
reached,  which  is  dependent  solely  on  the  temperature. 
Xow,  since  the  total  pressure  of  the  vapor-air  mixture  is 
the  barometric  pressure,  and  since  both  vapor  and  air 
fill  the  volume  and  exert  their  own  pressure,  it  is  not 
difficult  to  show  that  the  following  relation  holds  true: 


Weif/Iif  of  vapor 


pressure  of  vapor      density  of  vapor 


Weight  of  air  pressure  of  air  density  of  air 

in  which  both  densities  are  taken  at  atmospheric  pres- 
sure. In  the  above  equation  the  pressure  of  the  air  will 
be  the  barometric  pressure  minus  the  vapor  pressure. 

This  quantitative  relation  must  he  kept  strongly  in 
mind,  because  it  shows  that  for  every  pound  of  air  above 
ii  liquid  at  a  given  temperature  there  is  a  definite  frac- 
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tion  of  a  pound  of  vapor  mixed  with  it.  If  the  total 
pressure  were  anything  other  than  barometric,  the  same 
relation  would  hold,  except  that  the  air  pressure  would 
now  he   total   pressure   minus   vapor   pressure. 

It  is  obvious  that  if  the  air  above  a  liquid  is  kept  in 
continuous  circulation,  vaporization  will  go  on  continu- 
ously so  as  to  always  maintain  the  proper  proportion. 
From  experience  it  is  known  that  this  does  occur  pro- 
vided the  heat  necessary  for  vaporization  can  be  sup- 
plied to  keep  the  temperature  from  falling.  Assume  an 
oil  in  an  open  pot  being  heated  slowly  by  a  flame  ap- 
plied underneath,  so  that  the  temperature  changes  are 
gradual.  Vaporization  occurs  at  each  temperature  un- 
til the  gas  mixture  above  the  oil  is  composed  of  air  and 
oil  vapor  in  the  proportions  determined  by  the  equa- 
tion given  previously.  If  early  in  the  test  a  lighted 
taper  be  applied  above  the  pot,  ignition  will  not  oc- 
cur, because  the  ratio  of  oil  vapor  to  air  does  not  repre- 
sent an  explosive  mixture;  in  other  words,  the  mixture  is 
too  lean  to  take  fire,  even  though  the  taper  is  at  a  tem- 
perature higher  than  that  at  which  ignition  would  oc- 
cur. 

As  the  temperature  of  the  oil  is  increased,  however,  its 
vapor  pressure  becomes  greater  and  as  may  be  readily 
seen  from  the  equation  the  gas  mixture  becomes  richer 
until  explosive  proportions  are  reached,  and  the  oil  will 
flash.  Flashing  simply  is  ihe  instantaneous  bursting  into 
flame  and  extinction  of  the  gas  mixture  above  the  oil. 
The  reason  that  the  entire  mass  does  not  burn  is  that 
vaporization  must  always  precede  burning,  and  that  by 
the  time  the  liquid  just  below  the  ignited  vapor  has 
received  heat  enough  to  vaporize  and  form  igniting  pro- 
portions, the  temperature  is  too  low  for  ignition. 

If  more  heat  is  applied  below  the  pot  and  the  tem- 
perature increased  still  further,  there  will  be  igniting 
proportions  continuously,  but  it  may  be  necessary  to  go 
30  or  40  deg.  further  before  reaching  the  burning  point. 
At  this  point  the  liquid  receives  heat  enough  from  the 
ignition  to  vaporize  and  form  igniting  proportions  before 
the  temperature  has  dropped  below  the  ignition  point, 
and  the  whole  mass  bursts  into  flame. 

Finally,  consider  the  case  of  the  oil  under  a  pressure 
of  150  lb.  If  this  is  steam  pressure  and  there  is  no  air 
present,  the  oil  can  never  flash  whatever  the  tempera- 
ture, because  there  is  no  air  to  burn  it.  However,  the 
vaporization  will  occur  in  accordance  with  the  equation 
given.  On  the  other  hand,  if  it  is  air  pressure,  and  say 
that  the  flash-point  test  is  being  made  in  a  room  where 
the  air  pressure  is  150  lb.,  then  the  flash  temperature 
will  be  materially  changed,  due  to  the  high  pressure. 

At  any  temperature  the  proportion  will  apply  that 

Weight  of  vapor  vapor  pressure 

Weujltt  of  air         15<i  Ih.  —  vapor  pressure 
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densify  of  vapor 
density  of  air 


It  needs  little  consideration  to  .see  that  at  a  given  tem- 
perature the  gas  mixture  above  the  pot  will  be  much 
leaner  with  the  total  pressure  .150  lb.  than  with  the 
total  pressure  barometric.  In  other  words,  the  vapor 
pressure  is  now  a  much  .smaller  fraction  of  the  total 
pressure,  so  that  the  weight  of  vapor  is  a  miich  smaller 
frsT^tion  of  air.  Consequently,  the  temperature  will  have 
to  he  considerably  increased  before  explosive  proportions 


are  reached,  which  means  that  the  flash  point  is  consid- 
erably higher. 

New  York   City.  lioris  GuossBAni. 

The  Logical  Unit  of  Power 

The  editorial  under  the  above  caption  in  Pou  kk  of  Dec. 
3,  1912,  led  me  to  secure  circular  No.  34,  of  the  Bureau 
of  Standards,  on  "relation  of  horsepower  to  kilowatt." 

It  may  be  of  interest  to  look  into  the  accuracy  of  the 
kilowatt  a  little.  In  the  table  given  by  the  Bureau  of 
Standards,  the  lowest  equivalent  is  745.6  watts,  the  high- 
est 746  watts,  a  variation  of  four  parts  in  7460,  or  one  part 
in  1865.  It  is  improbable  that  the  ampere  is  known  with- 
in one  part  in  10,000,  although  the  recent  work  of  Smith 
and  Mather  may  have  determined  it  more  closely.  The 
true  ohm  is  probably  not  known  within  three  parts  in 
7500,  or  one  in  2500;  the  present  international  ohm  is 
reproducible  within  about  one  part  in  50,000,  but  there  is 
little  work  done  with  an  accuracy  of  over  five  parts  in  7500. 
The  volt,  of  course,  is  known  only  within  the  combined 
accuracy  of  the  ohm  and  ampere  determinations  already 
made,  ^liat  is  the  accuracy  of  the  ordinary  electrical 
measuring  apparatus  in  commercial  use?  Probably  one 
part  in  1000. 

What  then  is  the  effect  upon  the  operating  engineer 
of  Circular  34  ?  Apparently  only  to  give  him  the  moment- 
ous information  that  the  Bureau  of  Standards  will  here- 
after do  what  he  has  already  been  doing,  divide  kilowatts 
by  0.746  to  get  horsepower. 

Is  the  statement  in  the  editorial  correct,  that  the  kilo- 
watt is  based  on  physical  phenomena  which  have  the  same 
value  at  all  points  within  man's  reach?  I  was  under  the 
impression  that  in  the  ultimate  analysis,  the  ampere  had 
to  be  determined  by  the  ampere  balance,  which  depends 
upon  gravity,  and  the  determination  of  g,  for  its  accuracy. 

Donald  M.  Liddell. 

Elizabeth,  N.  J. 

Condensers  for  Lubricator 

Relative  to  the  repair  to  a  lubricator  condenser,  as  de- 
scribed in  the  Jan.  7  issue,  I  submit  the  following: 

The  main  object  of  a  lubricator  condenser  is  to  insure 
a  more  constant  level,  or  head,  of  water  working  on  the 
lubricator.  The  lubricator  depends  upon  this  water  head 
for  its  operation.  Therefore,  it  is  apparent,  that  to  ob- 
tain a  constant  flow  of  oil,  the  water  level  must  be  main- 
tained constant.  The  same  amount  of  water  could  be 
stored  in  a  straight  pipe,  if  it  were  long  enough,  as  can 
be  stored  in  the  bulb-form  condenser,  but  when  the  de- 
mand for  oil  is  greater  than  normal,  the  head  of  water, 
which  is  causing  the  flow  of  oil,  is  considerably  altered. 
This  results  in  a  decreased  flow  of  oil  unless  the  setting 
of  the  needle  valve  governing  the  feed  oil  is  changed. 
Should  this  valve  setting  be  altered,  the  flow  will  gradual- 
ly increase  as  the  water  rises  again  in  the  pipe,  for  when 
the  water  falls  the  condensing  siirface  increases  and  con- 
sequently a  greater  supply  of  water  follows. 

To  guard  against  this  continual  fluctuation,  the  con- 
denser has  been  added,  which,  because  of  its  greater  hori- 
zontal cross-section,  allows  of  a  certain  demand  for  water, 
with  a  very  slight  variation  in  head. 

Fort  Flagler,  Wash.  J.  il.  Row. 
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Zine  In  the  Return  Tank — Will  zinc  placed  in  the  return 
tank  keep  the  boiler  from  pittinij  just  as  well  as  when  placed 
in    the    boiler? 

I.    M. 

Zinc   in   the  return   tank  would  have  no  appreciable  effect. 

Position  of  Blow-off  Valve  and  Cock — -When  a  valve  and 
cock  are  used  on  a  boiler,  which  should  be  placed  next  the 
boiler?  Which  should  be  opened  flrbc  when  the  boiler  is 
blown  off. 

G.   B.   L. 

The  cock  should  be  placed  next  to  the  boiler.  In  blowinK 
off  the  boiler,  the  valve  should  be  opened  first,  thus  prevent- 
ing  the   whole   pressure    from    coming   on   the   valve. 

Water  Required  to  CondenHe  40,0nn  lb.  of  Steam    Per   Hour 

— When  using  a  surface  condenser,  how  much  water  will  be 
required  to  condense  40,000  lb.  of  steam  per  hour'.' 

G.  K. 
Where  the  condenser  is  clean  and  tight,  600,000  lb.  per 
hour  will  be  sufficient.  As,  under  ordinary  operating  con- 
ditions, the  condenser  and  the  piping  will  not  remain  clean 
and  tight,  provision  should  be  made  for  at  least  800,000  lb., 
or  96,000  gal.,  of  water  per  hour  at  a  temperature  of  70 
deg.   F. 

Relation    of    Piston     DlNplaeement    to    Volume    of    AVater — 

What  relation  should  the  piston  displacement  of  a  pump 
bear  to  the  volume  of  water  which  is  to  be  pumped  for  a 
jet  condenser  at  full  load? 

P.    J.    F. 

Surface  water  under  atmospheric  pressure  ordinarily  con- 
tains 2  to  12  per  cent,  of  air  by  volume.  To  provide  for  the 
presence  of  air,  the  leakage  of  air  and  other  causes  of  pump 
slippage,  a  very  liberal  factor  is  usually  allow^ed,  an  average 
figure    being  about   20    per   cent,    excess   capacity. 

Preventing  Rust  from  Salt  Water — What  is  the  best  way 
to  keep  pipes  and  iron  work  from  rusting  when  exposed  to 
the  action  of  salt  water? 

F.    J.    R. 

The  best  method  is  to  thoroughly  clean  the  iron  work, 
paint  it  with  red  lead  and  then  give  the  work  a  coat  of  hot 
asphalt  paint.  Steel  pipe  and  iron  work  which  are  made 
from  impure  material  are  most  inclined  to  rust  in  the  pres- 
ence of  salt  water,  the  oxidation  being  likely  to  break 
through  almost  any  kind  of  coating.  Usually,  this  may  be 
prevented  by  giving  the  material  a  coating  of  something 
which  will  exclude  the  moisture  of  the  atmosphere  as  much 
as  possible. 

To     Determine     Boiler     Water     E^vaporatlon — How    is    the 

amount  of  water  evaporated  by  a  boiler  determined? 

M.  C. 
The  amount  is  best  found  by  weighing  the  feed  water  for 
a  period  of  at  least  10  hr.  A  shorter  test  may  be  made,  but 
It  v.'ould  not  be  so  accurate.  Dividing  the  number  of  pounds 
of  water  by  the  number  of  hours  would  give  the  amount  of 
water  evaporated  per  hour.  In  making  such  a  test  care 
should  be  taken  that  all  of  the  water  fed  is  weigliid  and  that 
all  of  the  water  credited  to  the  boiler  be  fed  to  the  boiler 
and  evaporated  into  steam.  All  leaks  from  blowoff  valves, 
etc.,  should  be  stopped  before  the  test  or  accurately  ac- 
counted  for. 

Preventlne  Oil  Runnlni;  on  Shaft — I  low  can  oil  be  stopped 
from  running  along  a  shaft  from  a  bearing  or  other  point 
where   it  is  In  contact  with   the   shaft? 

C.   H.   W. 

Mount  a  sharp-edged  disk  on  the  shaft  that  the  oil  may 
be  driven  oft  the  disk  by  centrifugal  force.  It  Is  customary 
under  such  circumstances  to  surround  the  disk  with  a  shield 
for  catching  and  draining  off  the  oil.  Another  method  Is  to 
use  a  wiper  wick  of  fibrous  material;  It  will  rub  on  the  shaft 
and  wipe  off  the  oil.  Such  a  wiper  has  to  be  occasionally 
renewed  and  kept  clean  to  prevent  the  rubbing  surface  of 
the   wiper   from   becoming   saturated   with   oil. 

FluetuatlnK  tJoBen — In  a  15-ton  refrigerating  plant,  why 
should  the  gages  registering  the  auction  and  condenser  pres- 
sures fluctuate  continually  and  the  suction  gage  sometimes 
stick? 

W.    B. 


if  there  is  no  valve  in  the  pipe  connections  to  the  gages, 
the  hands  are  sure  to  fluctuate  due  to  the  variation  in  pres- 
sure during  suction  and  discharge.  The  usual  practice  is 
to  have  a  valve  in  the  line  connecting  the  gages,  so  that  they 
may  be  throttled  down  to  a  point  where  the  fluctuation  is 
not  greater  than  2  lb.  The  operator  must  be  careful,  of 
course,  not  to  close  the  valve  entirely,  although  this  would 
be  at  once  indicated  by  the  pointer  dropping  back  to  zero. 
The  sticking  of  the  gage  is  due  to  some  mechanical  defect 
which    a    careful    inspection    should    reveal. 

Radius  Curve  of  Reverse  Link — To  what  radius  should  the 
reverse  link  of  a  double  eccentric  reversible  D-slide  valve  en- 
gine be  curved,  that  is,  to  what  part  of  the  engine  should 
this    curve   be   proportioned? 

W.    A.    M. 

When  the  rocker  arm  has  no  backset,  the  correct  radius 
of  a  link  should  be  equal  to  the  distance  on  a  horizontal  line 
from  the  center  of  the  main  shaft  to  the  center  of  the  rocker 
box.  If  the  rocker  has  any  backset,  subtract  the  amount  of 
backset  from  this  length.  Some  locomotive  manufacturers 
make  the  link  radius  ^i  in.  per  ft.  less  than  the  above,  but 
the  distance  given  is  the  correct  one  and  has  been  so  ac- 
cepted   by    the    Railroad    Master    Mechanics    Association. 

Collapsing  Strensth  of  Iron  Flues  and  Cylinders — What 
will  be  the  collapsing  strength  of  a  cylindrical  iron  tank  50 
ft.   long  and   50   in.   in  diameter   made   of   14-in.   iron? 

J.    W.   U. 

Fairbairn's  formula  for  the  collapsing  strength  of  iron 
cylinders  is 

p  =  9,675,600  ^ 

in  which 

p  =  Pressure  in   pounds. 

t   =  Thickness   in   inches, 

I  =  Length  of  cylinder   in   inches. 

d  =  Diameter   of  cylinder  In   inches. 
Substituting    the    values    given 


9,675,600  X  (0.25  X  0.25) 
(50  X  12)  X  50 


=  20.1575  lb. 


Cost  of  Water  Heatini;  with  Live  Steam — What  would  it 
cost  to  heat  25,000,000  gal.  of  water  from  55  deg.  to  an  aver- 
age temperature  of  185  deg.  F.  with  live  steam  at  75-lb.  pres- 
sure, coal  costing  $4,40  per  long  ton,  1  lb.  to  evaporate  11  lb, 
of   water? 

W.   J.   W. 
With    an    initial    temperature    of   55    deg.,    to    heat   a    pound 
of  water  to   1S5   deg.    will    require 

185  —  55    r^    1.10  B.t.u. 
As  a  gallon   of  water  weighs   Si  lb., 

8.33    X    25,000.000    =    208.250.000  lb. 
will    be    the    total    weight    of  water.      As   each    pound    requires 
130    B.t.u.. 

208.250,000  X  130  =  27,072,500.000  Bt.u. 
will  be  necessary  to  heat  the  water.  The  heat  In  a  pound 
of  steam  at  75-lb.  gage  pressure,  above  32  deg,  F.,  Is  11S4.4 
B.t.u.  Assuming  that  steam  Is  discharging  from  the  heating 
coll  at  185  deg.,  there  will  be  available  to  heat  the  water  In 
each  pound  of  steam 

1184.4  —  153    -    1031.4    B.t.u. 

Then 

27.072,500.000    -    1031.4    -    2(5,248,303  lb. 
of   steam    will   be    required   In   all.      As    the   evaporation   Is   11 
lb.    of   water   per    pound   of  coal, 

26,248,303    -r    11    =    2,386.209   lb. 
of   coal    will    be    needed,    or 

2.386.209    ^    2240    =    1065.27   long   tons 
of   coal,    which,    at    $4.40    per   ton.    will    cost 
1065.27    X    4.40    =    $4687.19. 
Some  heat  will  be  lost  In  transmission  and   from   radiation, 
so    that    more    steam    will    be    needed,    making    the    total    cost 
close  to   $5000. 
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Formulas 
The  average  ru]e,  when  expressed  in  words,  is  lengthy 
and,  worst  of  all,  hard  to  remember.  Therefore,  the 
formula  is  iised  to  express  mathematical  relations  and  op- 
erations. As  a  formula  is  an  algebraical  expression  of  a 
rule,  letters  and  symbols  are  ii.sed  instead  of  words. 

Take  the  rule  for  finding  the  indicated  horsepower  of 
an  engine : 

Find  the  continued  product  of  the  mean  effective  pres- 
sure in  pounds  per  square  inch,  the  length  of  stroke  in 
feet,  the  area  of  the  piston  in  square  inches,  and  the 
number  of  strokes  per  minute;  divide  the  product  by 
33,000. 

As  many  know,  this  rule  can  be  expressed  as 
_  P  X  L  X  A  y,  X 
^''  "  33,000. 

Where 

Hp  =  Horsepower ; 
P  ^  Mean  effective  pressure ; 
L  =  Length  of  stroke  in  feet ; 
.4  =  Area  of  piston  in  square  inches ; 
A'  =  Xuniber  of  strokes  per  minute. 
As  multiplication  signs  are  not  necessary  between  letters 
in  formulas,  this  horsepower  formula  may  be  shortened: 
PLAN 
"^'-  =  ■33:000 
To  indicate  that   quantities   are  to   be   multiplied   we 
omit  the  multiplication  sign  and  set  close  together  the 
letters  which  represent  these  quantities. 

SiGxs  OF  Aggreg.\tiox  or  Gkoupixg 
In  formulas  we  iise  nearly  all  of  the  same  signs  that 
are  used  in  arithmetic.     The  signs  of  aggregation  are 
most  important,  as  they  guide  us  in  the  successive  steps 
to  be  taken  in  performing  calculations. 

The  signs  are:  the  parenthesis  (),  brackets  [],  vin- 
culum  and  brace  {  } .   If  we  wish  to  indicate  the 

square  root  of  786  -^-  3  we  would  express  it  thus : 

,'786 
\    3 

T'le  old  radical  sign  was  V  >  ''ut  now  this  sign  and  the 
vinculum  combined  make  the  radical  sign.  The  par- 
enthesis is  the  sign  most  used  when  only  one  sign  of  ag- 
gregation is  required,  although  the  vinculum  may  be  used 
for  the  same  purpose. 

When  only  two  signs  of  aggregation  are  required  the 
parenthesis  and  brackets  are  used. 

Example:    [(40  —  20)  ^  5]   X  20  =  80 

Here  the  difference  between  40  and  20  is  to  be  divided 
by  5  and  the  quotient  multiplied  by  20. 

When  three  signs  are  required  the  parenthesis,  brackets 
and  ])race  are  used. 

Example:     {[(40  —  20)  -=-  5]  x  20}  —  4  =  76 

Here  the  difference  between  40  and  20  is  to  be  divided 
by  5,  the  quotient  multiplied  by  20  and  4  subtracted  from 
the  product. 


V"786~3  or  y^l  ^- 


V\"here  an  example  calls  for  all  four  signs,  the  vinculum 
is  used  so  that  a  parenthesis  will  not  have  to  be  in- 
closed within  a  itarenthesis. 


Example:  {[(40  —  20  ^  2)  x  6  —  15]  ^  4}  x  20 
=  225. 

Xotice  that  the  difference  between  40  and  20  is  to  be 
divided  by  2.  The  rest  of  the  example  is  easily  under- 
stood. ,  All  these  signs  of  aggregation  are  frequently  used 
in  formulas  and  the  student  should  familiarize  himself 
with  them. 

As  letters  are  used  in  formulas  to  designate  quan- 
tities, it  is  customary  to  use  the  first  letter  of  a  quan- 
tity to  identify  it.  Thtjs,  in  the  horsepower  formula  we 
have  pressure,  length,  area  and  number  of  strokes  per 
minute,  and  these  quantities  are  designated  P,  L,  A,  N 
respectively.  We  iisually  use  V  for  volume,  P  for  pres- 
sure, /(  for  height,  g  for  gravity  or  the  constant  accelera- 
tion due  to  the  attraction  of  the  earth,  etc.  This  man- 
ner of  designating  quantities  is  not  always  done,  how- 
ever, so  it  is  usually  best  to  state  below  the  formula  what 
cpch  letter  represents. 

In  formulas  where  we  have  different  pressures  and 
volumes  to  deal  with,  we  cannot  use  the  same  kind  of  let- 
ter for  all  the  different  pressures,  volumes  or  whatever  it 
is  we  are  dealing  with.  To  distinguish  each  of  the  differ- 
ent values  of  the  same  quantity  we  use  what  is  called 
primes  and  subs. 

A  prime  is  a  mark  like  a  comma,  and  is  placed  above 
and  to  the  right  of  a  letter,  thus  P' .  p'  or  T'',  v'.  The 
capital  letters,  P  and  T'  in  this  ca.se,  are  read  P'  major 
prime,  V  major  prime;  the  small  letters  are  read  p' 
prime  and  r'  prime.  Thus  we  can  easily  designate,  say, 
boiler  pressure,  initial  pressure  and  terminal  pressure 
by  calling  P  the  boiler  pressure,  p  the  initial  pressure  and 
p'  (p'  prime)  the  terminal  pressure.  This  same  man- 
ner of  designation  is  applicable  for  all  letters  and  quan- 
tities. 

Subs  are  small  numbers  placed  at  the  right  and  below 
the  letters,  thus,  f,,  y;,  or  ]\.  Cj.  They  are  read  P  major 
"sub  1,"  etc. 

If  the  sub  is  2  or  3,  etc.,  the  letter  is  read  "sub  one"  or 
"sub  two,"  etc.  Arabic  numbers  (1,  2,  3,  etc.)  should 
never  be  used  for  primes,  as  the  numbers  are  likely  to  be 
taken  for  exponents. 

The  student  must  learn  to  distinguish  between  a  co- 
efficient and  an  exponent,  thus  in  the  expression  3  (6c)-. 
Here  3  is  the  coefficient  and  2  is  the  exponent.  Notice 
that  the  cofficient  denotes  how  many  times  a  quantity  is 
taken.  The  exponent  indicates  to  what  power  the  quan- 
tify is  to  be  raised.  Thus  in  the  above  expression,  the 
square  of  the  product  b  X  c  is  to  be  multiplied  by  3. 

In  formulas  we  deal  with  equations  and  an  equation 
is  simply  a  statement  that  two  expressions  have  the 
same  value,  i.e.,  they  are  equal  to  each  other.  Thus  in 
the  horsepower  formula 

^^'  "  ";3  37000 


February  4,  1913 


P  0  W  E  K 


167 


notice  that  all  to  the  left  of  the  equalit}-  sign  is  of  the 
same  value  as  all  to  the  right,  i.e.,  the  continued  jjroduct 
of  P,  L,  A  and  X  divided  by  33,000  is  equal  to  the 
horsepower. 

Suppose  we  apply  this  formula  to  an  18x42 -in.  engine 
runniug  at  80  r.p.m.  with  60-lb.  m.e.p. 
PLAN      ,.,    ., 
'  33,000 

The  student  should  work  out  the  aljove  example. 

We  can  make  a  number  of  equations  out  of  this  for- 
mula. When  we  do  this  we  solve  the  formula  for  each  of 
the  values  (letters)  in  terms  of  the  others.  Letting  the 
formula  apply  to  the  same  engine  as  in  the  above  ex- 
ample, we  will  solve  it  for  each  letter  in  terms  of  the 
others. 

33,000  ^7J. 


A  = 


L  = 


^  ~       LA  A' 
33,000  ij/j. 
PLN      ~' 
■63,000  Hjj. 
PAX 


60  1//.  =  m.e.p. 

255  sq.in.   =  area  of  i^iston 

'?>.h  ft.   =  leiKjtli  of  ■'^frolce 


„        33,0007/77.        ,„„  ,         ,'    t      1  <^n 

3    =  — j>T~\        ^  IbO  =  number  of  sfrokex  =  S0  r.p.m. 

You  will  notice  that  when  numerical  values  are  sub- 
stituted for  the  letters,  the  multiplication  sign  is  used. 

The  segment  of  a  circle  is  a  part  of  the  circle  se])- 
arated  from  the  other  part  by  a  straight  line. 

The  formula  for  finding  the  area  of  the  segment  of  a 
circle  when  the  segment  is  equal  to  or  less  than  a  semi- 
circle is 

4  /^2     I'D 

in  which 

D  =  Diameter  of  the  circle ; 

h  =  Height  of  segment,  i.e.,  the  greatest  perpendicu- 
lar distance  between  the  circumference  and 
and   the   chord   or  straight   line; 
0.608  =  Constant. 
Example:     Find  the  area  of  the  segment  of  a  circle  75 
in.  in  diameter,  height  of  segment  25  in. 

Substituting  numerical  values  for  the  letters  we  have 


A  = 


0.608 


.       4  X  252 
=  — 3 —  X 


^ 


0.608 


2500 


g      X  V  3  —  0.608  =  ^^  X  V  2.3!)2  = 

833.3  X  1-5^6  =  1388.43  .sy/.(». 
as  the  area. 

As  an   example  of  formula   where  suIjs  are   used   the 
following  is  given : 

To  calculate  the  amount  of  water  required  for  a  surface 
condenser  the  formuhi   below  is  used. 

/^^-^^^ 
"  /    / 

'■2  *8 

in  which 

If  =  Total    heat   of    1    lb.   exliaust   steam    above   32 

deg.  F.; 
/,  =  Tem])erature  of  condensate  ; 
/,  =  Tenii)erature  of   discharge   water; 
<3  =  Temperature  of  circulating  water ; 
If  =  Pounds  of  circulating  water  required  to  con- 
dciiso  1    11).  of  steam. 
Kvainple:    How  many  pounds  of  circulating  water  are 


necessary  to  condense  one  pound  of  steam  if  the  inlet 
water  temijerature  is  60  deg.  F.,  outlet  90  deg.  F.,  hotwell 
temperature  101  deg.  vacuum  to  be  28  in.?    Here 

II  =  1104.1  B.t.u.   (found  from  the  steam  tables)  ; 
ii  =  101  deg.  F. ; 
i,  =  90  deg.  F. ; 
tl  =  60  deg.  F. 
Sul)stituting,  we  have 

1104  —  101  -I-  32 


W 


=  34.5  lb. 


90—  60 

This  shows  a  ratio  of  34.5  lb.  water  to  1  lb.  of  steam. 
The  Massachusetts  formula  for  area  of  safety  valves  is 

ir  X  70  X  11 


A  = 


A 


Area  of  valve  in  square  inches  for  each  square 
foot  of  grate  surface; 
IF  ^  Pounds    of   water   evaporated    per    second   per 

square  foot  of  grate  surface : 
P  =  Absolute   pressure   per   square    inch    at    which 
valve  is  to  open  or  blow. 
Example:     With  a  grate  area  of  30  .sq.ft.  and  a  com- 
bustion rate  of  20  lb.  of  coal  per  sq.ft.  of  grate  surface 
per  hour,  an  evaporation  of  10  lb.  of  water  per  pound  of 
coal    and   with    100-lb.   gage   pressure,    what   size   safety 
valve  is  required? 

30  X  20  =  600  lb. 
roal  burned  per  hour. 

600    X    10   =   6000  lb. 
water  evaporated  per  hour. 
6000 
3600 
water  evaporated  per  second. 

1.67  -H-  30  =  0.5567  lb. 
water  evaporated  per  square  foot  grate  per  second. 
Api)lying  the  formula 


=  1.67  lb. 


A  = 


0.5567  X  70  X  11 
115 


=  3.728  .«(?.(■«. 


The  commercial  size  valve   would  be  21^  in. 

A  symbol  frequently  used  in  formulas  is  x,  which  is  a 
Greek  letter  pronounced  '"Pi."    The  value  of  ir  is  3.1416, 
which  is  the  ratio  of  the  circumference  to  the  diameter  of 
a  circle.     Thus  we  have  for  the  circle 
C  =  Dtt 

a 


D  = 


where 

C  =  Circumference ; 
I)  =  Diameter. 


The  Royal  Society  of  Edinburgh  Is  forming  a  provisional 
committee  to  consider  how  the  tercentenary  of  the  discovery 
of  logarithms  may  best  be  celebrated.  The  year  for  this 
celebration  will  be  1914,  as  it  was  In  1614  that  John  Napier's 
"De  MlrlHci  Logarithmorum  Canonis  Descrlptlo"  appeared,  al- 
though, according  to  Kepler.  Napier  had  Indicated  his  ac- 
quaintance with  the  properties  of  logarithms  as  early  as 
15ft4.  In  a  letter  to  Tycho  Brahe.  Napier's  logarithms  were, 
of  course,  based  on  the  sum  of  the  series 


1  + 


r-s  + 


1 


not  until  1624  that 


\.2.i 1.2.3  .  . 

.■ipproxlmately  equal  to  2.71S2S1828.  It  was 
ISiiggs  published  his  ".\rlthnietlca  Logarlthmlea."  uslnK  the 
base  10.  The  appearance  of  Napier's  "De  Descrlptlo,"  supple- 
niented  by  his  posthumous,  "De  Mlrlflcl  Canonis  Constructlo" 
(1617).  may  be  considered  as  an  event  but  little  less  Im- 
portant than  Newton's  "Princlpla,"  John  Napier  was  born 
in  Merchlston,  near  Edinburgh,  in  1550.  and  died  there  Apr. 
4.    1617. — "Engineering   and    Mining   Journal." 
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OVER    THE    SPILLWAY 

JUST      JESTS,      JABS.      JOSHES     AND      J  r  M  H  I.  E 


Thomas  A.  Edison  is  too  busy  inventing  to  waste  his  time 
having  medals  pinned  on  him,  so  Mrs.  Edison  accepted  the 
Rathenau  medal  from  the  Museum  of  Safety.  This  sounds 
like   real   modesty. 

Mr.  Andrevr  Carnegie  was  also  present — and  spoke.  The 
daily  press  relates  a  story  that  Mr.  Carnegie  did  not  seem 
to  recognize  the  building.  "Why  this."  said  Mr.  Williams. 
"is  your  own  building,  built  by  you  for  the  benefit  of  the 
United  Engineering  Societies."  Then  Mr.  Carnegie  retold  it 
to   the   audience.      Some   more    modesty! 

(John   Powers  bold   to  us  confessed 

He'd  cast  these  lines  from  off  his  chest. 

Feeling  sure   that  we  would  need  'em 

For  our  readers.      Readers,  read  Vm!) 

TO    THE    CHIEF 

By    John    Powers 

John   and    I.    your   two    best    men,    are    tiyins    very    hard    to 


coal    that 


)n    the 


How    to    heat    these    mills    up    nights    with    : 
will   not    burn. 

\A'e    keep    hustling    all    the    time — we    are 
jump — 

But  the  little  steam  we  get  will  just  run  the  smallest  pump. 

If  you  say  it  can  be  done,   we  will  try  to  be  content. 

And   we'll   keep    right   on   aflring  with   asbestos   and 
cement! 

Good  old  Mister  Efficiency  has  in  his  ptrambulations  got 
a  half-nelson  on  the  garbage  can.  He  now  knows  how  long 
it  takes  to  raise  it.  lower  it,  dump  it — all  done  by  employing 
the  stop-watch  to  get  the  exact  seconds.  This  valuable  in- 
formation has  been  compiled  by  the  Chicago  Public  Service 
Commission — real  garbage  being  used  in  the  test.  Here  in 
New  York  there  is  record  of  several  unofficial  garbage  tests, 
mainly  to  find  out  how  long  it  will  be  before  it  is  emptied. 
And  if  Hi  Costofliving  is  not  soon  swatted  beyond  resuscita- 
tion, we  won't  be  able  to  afford  the  luxury  of  garbage. 

Confidence  and  esprit  de  corps  are  tremendously  valuable 
assets  to  any  organization. — "Engineering  Record."  Accord- 
ing to  our  tell,  some  kinds  of  confidence  people  will  bear 
watching.  Our  dragnet  is  still  out  for  the  corpse  of  that  guy 
D.  Esprit.  If  anybody  in  the  neighborhood  has  observed 
Esprit,   tell  Kelly  about  it. 

If  you  can  find  the  humorous  side  of  your  worries  there 
is  lots  of  fun  ahead  of  you,  says  "Wood-worker."  Same  thing 
about  getting  mad  (or  angry).  Who  the  deuce  cares?  Laugh 
at  yourself  and  get  some  fun  out  of  it.  Humor  is  Father 
Time's   one   big  hint  to  longevity. 

This  is  a  true  story.  Once  upon  a  time  a  Jersey  fireman 
took  a  civil-service  examination  in  the  hope  of  being  placed 
on  the  list  of  eligibles.  The  examiner  regarded  him  with 
favor  and  asked  if  he  would  care  to  go  to  Overlook,  an  insane 
asylum    maintaining    its    own    power    plant. 

"But  I'd  have  to  be  examined  first,  wouldn't  I?"  said  the 
tireman. 

"Well,    I  am  the   examiner." 

"I    know   you   are,   but  you're   not   a  physician,    are    you?" 

.\  writer  in  a  machinists'  paper  says  a  machini  t  went  to 
work  in  a  shop  as  a  lathe-hand,  and  for  several  days  did  not 
know  the  name  of  the  firm,  neither  did  he  like  to  awsk.  Now 
mark  the  subtlety,  the  perspicacity,  of  this  master  mind. 
The  third  day  he  glawnced  up  from  his  machine  and — what 
do  you  think? — he  saw  the  firm-name  on  the  ashcan!  But 
suppose  some  blighter  had  pinched  the  ashcan!  My  word, 
Watson,    I'll    work    up    this    case    myself. 

It  leaks  out  that  Sir  Joseph  John  Thomson  has  discovered 
a  new  gas,  though  he  claims  no  importance  for  it.  Quite  so, 
.Sir  Joseph.  The  important  thing  is  to  discover  a  new  gas 
meter,  our  present  one  being  harder  to  beat  than  a  hard- 
boiled   egg. 

Taking  advantage  of  the  parcels  post,  a  well-intentioned 
individual  sent  us  a  11-lb.  hunk  of  exploded  beiler  as  a 
souvenir.  If  this  is  trying  to  get  hunk  with  us,  we 
acknowledge  the  hunk.  What  we  think  is  nothing  to  what 
the  postman  said  when  he  brought  U.  Perhaps  the  w.  i.  i. 
has  mixed  our  home  address  with  that  of  the  foundry  down 
stairs. 


Power  Plant  Chemical  Laboratory 
Practice* 

This  report  deals  with  the  testing  of  only  the  chief 
materials  iLsed  in  power  work,  namely,  coal,  water  and 
oil. 

A  list  of  questions  was  sent  to  91  electric-railway  com- 
panies. These  tiuestions  ■were  designed  to  bring  out  the 
extensiveuess  of  the  present  use  of  the  chemical  labor- 
atory in  power  work ;  the  methods  followed  in  laboratories 
at  present  in  operation,  and  the  materials  tested. 

The  method.^  employed  by  five  different  companies  are 
described  in  the  report.  Following  is  one  of  these  de- 
scriptions : 

METHOD  EMPLOYED   BY    UNITED   RAILWAYS  CO.,   ST.   LOUIS 

The  following  apparatus  is  required  for  making  a  proximate  analysis: 

Balance,  sensitive  to  0.1  milligram $65.00 

Weights,  analytical — 50  grams  to  I  milligram 15. 00 

Platinum  crucible  with  cover,  0.8  gram 15. 00 

Iron  ring  stand 0 .  75 

Bunsen  burner  and  tube 0 .  50 

Oxygen  cylinder 20.00 

Desiccator  with  porcelain  plate 2 .  00 

Parr  calorimeter,  electric  ignition 75 .  00 

Motor  for  calorimeter 5.(X) 

Drying  oven 7.50 

Extra  rubber  and  glass  tubing,  tongs,  sample  bottles,  etc 5 .  (X) 

Sieve  with  cover,  100  mesh 2.50 

Steel  mortar ,"  2 .  00 

Braun  Chipmunk  crusher 60 .  00 

Pulverizer 25.00 

300.25 

The  following  apparatus  is  required  for  making  the  sulphur  determination: 

Two  beakers,  300  c.c $0.50 

Two  watch  glasses 0.25 

Two  funnels 0.50 

Quantitive  filters  11  cm ] 

Stirring  rods 

10  per  cent.  Ba  Clj  solution [  5 .  00 

Concentrated  hydrochloric  acid 

W'eak  solution  .\gNO3 J 

Sulphur  photometer  (Parr) 35.00 

S41   25 

Three  samples  are  taken  from  each  car  shipment  to 
determine  the  proximate  analysis  for  the  amount  of 
moisture,  volatile  matter,  fixed  carbon  and  ash. 

Moisture — A  10-gram  platinum  crucible  is  weighed, 
putting  the  lid  on  the  pan  and  placing  the  crucible  on  it. 
A  1-gram  weight  is  placed  on  the  weight  pan  of  the  bal- 
ance and  the  coal  sample  is  then  added  or  taken  from  the 
open  crucible  until  the  balance  is  in  equilibrium,  thus 
introducing  and  weighing  the  1-gram  sample  used  for 
the  approximate  analysis. 

The  crucible  containing  the  weighed  sample  of  coal  is 
placed  in  an  air  oven  with  the  cover  otT,  and  allowed  to 
remain  one  hour,  the  temperature  of  the  oven  being  kept 
at  105  to  110  deg.  C. 

The  crucible  is  removed  after  remaining  in  the  oven 
an  hour,  put  into  a  desiccator  over  concentrated  sul- 
phuric acid,  allowed  to  cool  for  a  few  minutes  and  then 
weighed.  The  difference  in  weight  between  the  first  and 
second  weights  equals  the  moisture. 

Volatile  Matter — After  determining  the  moisture  the 
crucible  containing  the  dry  coal  is  put  on  a  clay  triangle 
so  placed  that  the  crucible  will  be  6  to  8  cm.  above  the 
top  of  a  bunsen  burner.  The  burner  is  -adiusted  so  that 
it  gives  a  flame  about  20  em,  high,  and  is  placed  under  the 
crucible  so  that  the  flames  envelop  the  crucible  and  the 
latter  is  thus  heated  for  1  min.  in  a  place  free  from  drafts. 
(Any  carbon  collecting  on  the  outside  of  the  crucible 
should    be   burned    off.)      After   cooling   the    crucible    is 


"^Excerpts  of  "Appendix  B"  of  report  of  Committee  on 
Power  Generation  presented  at  the  convention  of  the  ,Ame?i- 
can  Electric  Railway  Enginering  Association,  Oct  7  to  11. 
1912. 
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weighed,   and   the   diSerence  between  second   and   third 
weights  equals  the  volatile  matter. 

Fixed  Carbon  and  Ash — The  crucible  containing  the 
remaining  material  from  the  determination  of  volatile 
matter  is  heated  until  the  coke  is  red  hot  at  the  edge. 
Then  a  slow  stream  of  oxygen  gas  from  the  tank  is  passed 
into  the  crucible  through  a  small  metal  or  glass  nozzle 
until  all  carbonaceous  matter  is  burned.  The  oxygen  must 
be  used  very  carefully  or  mechanical  loss  will  result  from 
small  ash  particles  being  thrown  from  the  crucible.  As 
a  test  of  complete  combustion  the  crucible  is  reheated  and 
oxygen  again  passed  into  it.  The  crucible  is  then  cooled 
and  weighed.  The  difference  between  the  third  and  last 
weights  equals  the  fixed  carbon.  The  difference  between 
the  weight  of  the  empty  crucible  and  last  weight  equals 
the  ash. 

The  ash  determined  by  the  above  method  is  usually 
lower  than  the  ash  as  determined  by  the  method  recom- 
mended in  the  "Report  of  the  Committee  on  Coal  An- 
alysis." This  difference  is  probably  due  to  the  complete 
removal  of  CO,  from  the  ash  by  the  above  method,  wliich 
in  the  coal  was  combined  with  calcium  in  the  form  of 
CaCOg  or  limestone.  The  method  given  in  the  report 
of  the  committee  does  not  completely  decompose  the 
CaCO,,;  hence  the  difference. 

B.T.r.  Determination 

Another  sample  of  0.5  gram  is  taken  from  the  bottle 
containing  the  100-mesh  sample.  Should  the  moisture 
eontent  of  this  sample  be  over  3.5  per  cent.,  as  determined 
by  the  proximate  analysis,  the  weighed  sample  is  placed 
on  a  watch  glass  and  put  in  the  oven  where  it  is  kept 
at  105  deg.  C.  for  about  half  an  hour;  by  this  treatment 
the  moisture  will  be  reduced  enough  to  allow  the  B.t.u. 
determination  to  be  made.  A  Parr  standard  calorimeter 
IS  used,  manipulation  being  made  as  given  in  the  direc- 
tions furnished  with  the  instrument. 

ScLPHCR  IN  Coal 

The  residue  is  carefully  removed  from  the  bomb  of  the 
I'arr  calorimeter  to  a  clean  beaker  covered  with  a  watch 
glass.  The  bomb  is  carefully  rinsed  into  the  beaker  with 
liot  water  from  a  wash  bottle.  The  beaker  is  then  covered 
with  the  watch  glass  and  30  c.c.  of  concentrated  hydro- 
( liloric  acid  is  slowly  added,  keeping  the  beaker  well 
< overed.  After  the  reaction  has  ceased  the  .solution  should 
be  acid.  This  solution  is  filtered  to  remove  any  foreign 
particles,  and  the  residue  is  well  washed  with  hot  water 
until  the  filtrate  amounts  to  about  200  c.c.  The  filtrate 
is  heated  to  boiling,  then  keeping  just  below  the  boiling 
point,  10  c.c.  of  a  10  per  cent,  barium-chloride  solution 
is  added  very  slowly  (taking  8  to  10  min.)  with  con.stant 
stirring,  through  a  piy)ette  or  other  device.  After  heating 
and  stirring  for  5  min.  more,  the  solution  is  .set  aside. 
When  barium  suli)liate  has  settled  well  the  liquid  is  de- 
ranted  through  an  Ashlers  filter,  the  ])re(ii)itate  is  washed 
several  times  with  hot  water  by  decantation,  transferred 
to  the  filter  and  washed  until  the  wa.shings  are  free  from 
chloride. 

The  moi.xt  filter  is  placed  in  a  weighed  crucible,  the 
moisture  driven  off  with  a  very  .small  flame,  charred  slow- 
ly, then  the  heat  increased  until  all  carbon  is  removed. 
It  is  next  cooled  and  weighed.  The  weight  of  bariiim 
■  sidphate  multiplied  by  2  (for  0.5  gram  was  taken  )  multi- 
plied by  0.1373  equals  the  suliihur  in    1  gram  of  kkiI. 


For  a  more  rapid  method  the  Parr  sulphur  photometer 
may  be  used.  The  directions  sent  with  the  instrument  are 
followed. 

Analysis  of  Ash 

Samples  of  ash  are  treated  the  same  as  coal,  the  ash  is 
sampled  and  pulverized  to  pass  a  100-mesh  sieve. 

Moisture,  volatile  matter,  fixed  carbon  and  ash  are  de- 
termined in  the  same  manner  as  with  coal.  Care  must 
be  used,  when  working  wdth  ash,  to  burn  out  all  the  car- 
bon present,  there  being  so  much  mineral  matter,  traces 
of  carbon  may  be  left  in  the  ash  residue. 

In  making  the  B.t.u.  determination  on  an  ash,  should 
the  combustible  matter  be  so  low  that  the  charge  does  not 
ignite,  benzoic  acid  is  used  along  with  the  ash  to  help  the 
combustion. 

Several  blanks  are  run  with  benzoic  acid  alone,  0.2.T 
gram  being  a  good  amount  to  use.  Then  a  sample  is 
run  with  the  same  weight  of  benzoic  acid  but  with  0.25 
or  0.5  gram  of  ash  added.  Then,  subtracting  the  tem- 
perature rise  due  to  the  added  benzoic  acid  from  the 
total  rise  due  to  benzoic  acid  plus  ash,  the  rise  due  to 
ash  is  obtained  from  which  the  heat  value  is  calculated 
in  the  usual  way. 

Oil  Testing 

The  methods  of  oil  testing  employed  by  two  companies 
are  described  in  the  report,  but  as  they  closely  follow 
standard  methods,  specific  description  is  not  given. 

Several  types  of  viscosimeters  are  in  use,  but  compar- 
able results  cannot  be  got  with  them  even  when  of  the 
same  make.  This  is  not  a  serious  defect,  however,  for 
what  is  wanted  in  any  case  is  only  a  comparison  between 
the  delivered  oil  and  the  oil  of  the  guaranteed  grade. 
If  it  is  desired  to  compare  an  oil  furnished  to  another 
company  with  an  oil  being  used  in  one's  own  service,  the 
simple  expedient  is  to  secure  a  sample  and  run  it  on 
one's  own  viscosimeter. 

In  answering  the  questions  sent  out  in  regard  to  oils, 
many  companies  replied  that  the  only  tests  made  on  oils 
were  service  tests.  While  it  cannot  be  denied  that  ser- 
vice tests  are  perhaps  the  only  tests  that  will  select  an 
oil  suitable  for  the  service,  still,  after  having  made  the 
service  tests  and  determined  the  characteristics  of  the 
oil  in  the  laboratory,  it  is  simple  to  check  the  deliveries 
from  time  to  time  and  determine  whether  oil  of  the 
guaranteed  quality  is  being  received.  It  would  thus  be 
possible  to  reject  an  inferior  oil  before  it  had  been  used 
and  possibly  prevent  thereby  much  damage  to  the  ma- 
chinery.    The  simple  oil  tests  would  do  this. 

Some  companies  use  a  friction-testing  device,  with 
which  the  lubricating  quality  of  an  oil  can  be  deter- 
mined. This  apparatus  is  no  doubt  of  value  in  testing 
oils  for  bearings,  etc.,  and  the  conditions  of  service  can 
be  closely  duplicated  with  it.  The  only  test  to  deter- 
mine the  entire  suitability  of  a  cylinder  oil,  however,  is 
to  test  it  under  actual  working  conditions  in  the  cylinder. 


A  number  of  representatives  from  engineering  oiKiinl/.a- 
tlons  in  Boston  and  the  \lcliilty  met  on  Friday  evening:.  Jan. 
10.  to  eonslder  the  advisability  of  organlzInK  a  league  for 
mutual  protection  against  the  aggression  of  the  central  sta- 
tion. W.  K,  Campbell  was  elected  president  pro  tem.  and 
Kdward  DeGrnohy.  secretary.  Invitations  will  be  extended 
to  all  organizations  and  Individuals  Interested,  and  a  perma- 
nent   organization    effected    at   an    early    date. 
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Annual  Meeting  of  the  Heating  Engineers 


On  Jau.  21,  22  aud  23  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers  held  its  nineteenth  annual 
meeting  in  the  Engineering  Societies  Building,  Xew  York 
City.  Some  interesting  papers  and  a  number  of  com- 
mittee reports  which  should  prove  valuable  were  pre- 
sented. On  Tuesday  afternoon  the  first  session  was 
opened  by  acting  President  John  F.  Hale,  who  referred 
brieiiy  to  the  conduct  of  the  affairs  of  the  society  and 
immediately  after  read  President  Allen's  address,  which 
was  written  within  hearing  of  the  guns  of  the  Balkan  war. 
Prof.  Allen  realized  that  there  was  still  much  to  be  done 
even  in  the  elementary  development  of  the  science  of 
heating  and  ventilating  and  outlined  some  experimental 
work  which  might  be  profitably  carried  out  by  the  so- 
ciety. Data  on  the  heat  losses  in  various  forms  of  build- 
ing construction  used  in  this  country,  and  particularly 
the  newer  forms  of  construction,  such  as  hollow  tile, 
hollow  cement  bricks,  reinforced  concrete,  etc.,  would  be 
of  particular  value.  The  proper  temperature  at  which 
the  air  in  a  room  should  be  maintained  should  be  scien- 
tifically studied,  and  there  is  still  much  need  for  the 
development  of  a  more  comprehensive  method  of  de- 
termining the  amount  of  radiation  necessary  to  heat  a 
given  building.  The  formulas  at  ijresent  do  not  include 
many  factors  which  enter  into  the  problem,  and  to  check 
existing  rules  it  will  be  necessary  to  have  available,  data 
obtained  from  actual  installations  in  daily  operation.  The 
lack  of  such  information  at  the  present  time  is  very 
noticeable.  Even  less  is  known  about  ventilation  than 
heating  and  on  this  subject  there  is  a  great  field  for  ex- 
perimental work  which  must  be  done  Jointly  by  the 
engineer  and  the  physiologist.  "What  constitutes  pure 
air?  ^Tiat  are  the  safe  limits  of  purity?  At  what  tem- 
perature should  air  be  used  for  ventilation?  And  many 
others  are  the  questions  which  must  be  answered.  The 
president  recommended  a  closer  relation  between  the  so- 
ciety and  the  various  laboratories  throughout  the  coun- 
try where  this  work  might  be  carried  on  and  an  intimate 
association  with  the  members  of  the  medical  profession 
and  physiologists. 

Routine  business  in  the  shape  of  reports  by  the  secre- 
tary, treasurer,  board  of  governors ;  Illinois,  Massachusetts 
and  Xew  York  Chapters  and  by  various  committees  oc- 
cupied the  balance  of  the  session.  The  secretary  re- 
ported an  increase  in  membership  for  the  year  of  24,  mak- 
ing a  total  of  449. 

The  committee  on  tests  consisting  of  three  members 
reported  individually.  The  investigations  of  L.  C.  Soule, 
chairman,  had  been  limited  to  the  relative  efficiency  of 
pipe  coils  and  cast-iron  radiation  in  fan  blast  heating. 
Given  the  same  conditions  the  same  amount  of  heat  was 
transmitted  with  either  kind  of  surface.  The  data  ob- 
tained will  be  incorporated  in  a  paper  for  the  summer 
meeting. 

James  A.  Domielly  gave  a  report  of  the  trip  which 
members  of  the  Xew  York  and  Boston  chapters  recently 
made  to  the  testing  laboratories  of  the  H.  15.  Smith  Co., 
■\Yestfield,  Mass..  the  Sheffield  Scientific  School  of  Yale 
and  the  International  Y.  M.  C.  A.  gymnasium  at  Spring- 
field. On  Thursday  he  also  submitted  some  suggestions 
on  a  standard  method  of  testing  radiator  steam  traps  or 
return-line  vacuum-system  appliances. 


The  third  member  of  the  committee.  Prof.  L.  A. 
Harding,  outlined  the  work  he  had  done  on  determining 
the  loss  of  air  pressure  in  ducts  of  6,  9%  and  23  in.  iu 
diameter.  The  tests  were  conducted  under  commercial 
conditions  and  with  velocities  ranging  from  1500  to  2500 
it.  per  miu.  Prof.  Harding  had  also  made  investigations 
on  heat  transmission  through  building  materials.  The 
data  had  not  been  arranged  for  publication,  but  at  a  later 
date  will  be  presented  in  these  columns. 

On  Tuesday  evening  the  election  of  the  following  of- 
ficers was  announced :  President,  John  F.  Hale ;  first  vice- 
president,  E.  F.  Capron;  second  vice-president,  A.  B. 
Franklin;  treasurer,  James  A.  Donnelly;  board  of  man- 
agers, F.  T.  Chapman,  Ralph  CoUamore,  D.  D.  Kimball, 
W.  W.  Macon,  J.  M.  Stannard,  Theodore  Weinshank.  Ac- 
cording to  the  constitittion  the  two  past  presidents.  Prof. 
J.  R.  Allen  and  R.  P.  Bolton,  are  also  members  of  the 
board. 

C.  E.  Beery  read  the  first  paper  of  the  meeting  on  a 
system  of  downward  ventilation  employed  in  the  Hall 
School  of  Rockford,  111.,  which  is  built  of  brick  with  wood 
floor  construction.  The  system  consists  in  part  of  a 
series  of  pipe  coils  suspended  20  in.  below  the  ceiling, 
where  a  maximum  temperature  of  85  deg.  is  maintained. 
Air  for  ventilation  is  warmed  by  vento  stacks  in  the  base- 
ment aud  enters  the  room  at  a  temperature  never  abo\e 
73  to  74  deg.,  through  a  double  difluser,  to  break  the  cur- 
rent, just  below  the  warm  stratum  of  air  at  the  ceiling. 
With  an  air  vent  in  each  corner  at  the  floor,  a  downward 
air  movement  is  produced  at  a  velocity  approximating 
2  ft.  per  min.  The  rooms  heated  iu  this  manner  are  re- 
markably free  from  air  currents  or  drafts  and  up  to  date 
the  system  has  given  excellent  satisfaction.  The  paper  in 
fuller  detail  will  be  published  in  a  later  issue. 

Frank  Irving  Cooper  read  a  paper  on  "Improved  Air 
Conditions  in  a  Boston  Residence."  The  installation  con- 
sisted of  electric  radiators,  which  a  low  rate  for  current 
made  feasible,  humidifying  and  air-washing  apparatus 
aud  a  machine  for  supplying  ozone  in  the  amount  desired. 
The  electric  heater  was  designed  to  heat  300  cu.ft.  of  air 
per  min.  from  0  to  70  deg.  F.  and  was  automatically 
controlled. 

A  committee  report  on  schoolroom  ventilation  was 
then  read  by  Mr.  Cooper.  It  was  supplemented  by  an 
extended  report  by  Charles  F.  Eveleth  on  humidifying  air 
at  the  Oliver  Wendell  Holmes  School  in  Boston. 

On  Wednesday  morning  the  session  was  opened  with  a 
paper  on  "The  Design  of  Indirect  Heating  Systems  with 
Respect  to  Maximum  Economy  and  Operation,"  by  Frank 
L.  Busey  and  Willis  H.  Carrier.  The  object  of  the  paper 
was  to  show  that  there  is  a  definite  relation  between 
the  cost  of  power  and  the  cost  of  the  apparatus,  and  to 
determine  what  ratio  between  these  two  factors  will  give 
the  best  results.  The  authors  presented  a  number  of 
interesting  charts  bearing  on  the  subject  and  worked  out 
some  practical  applications  of  the  principles  advanced. 

In  conclusion  it  was  stated  as  regards  the  heater  that 
the  most  economical  point  will  be  reached  when  the 
installation  is  so  proportioned  that  the  yearly  cost  of 
jiower  due  to  the  frictional  resistance  of  the  heater 
amounts  to  28.6  per  cent,  of  the  annual  interest  and  de- 
preciation allowance  on  the  first  cost  of  the  heater,  this 
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l)eing  true  regardless  of  variations  in  the  depth  of  heater, 
temperature  rise  or  steam  pressure. 

Through  the  piping  or  conduits  the  most  economical 
velocity  is  such  that  the  annual  cost  of  power  due  to  the 
piping  resistance  is  one-third  of  the  annual  allowance 
for  interest  and  depreciation.  This  allowance  may  be 
assumed  to  be  about  25  per  cent,  on  the  original  cost 
of  the  installation. 

AVhile  the  lower  velocities  and  consequently  lower  re- 
sistance would  require  the  use  of  larger  fans  to  operate 
■at  high  efficiency,  considering  the  entire  installation  of 
lieatcr,  piping  and  fan,  the  annual  cost  of  power  should 
1)6  practically  30  per  cent,  of  the  total  annual  allowance 
for  interest  and  depreciation.  If  this  allowance  is  taken 
at  20  per  cent,  as  an  average  it  would  give  6  per  cent, 
on  the  first  cost  as  the  most  economical  yearly  rate  to 
be  allowed  for  power. 

Dr.  M.  W.  Franklin  talked  entertainingly  on  ozone 
and  its  application.  He  piointed  out  that  ozone  had  been 
used  with  success  as  a  deodorizer  in  tanneries,  glue  and 
fertilizing  plants,  tunnels  and  the  like  where  any  amount 
of  ventilation  would  not  obviate  the  nuisance  in  or  out- 
side of  the  plant.  It  was  also  of  advantage  as  a  sup- 
plement to  ventilation  in  overcrowded  factories  where 
the  usual  amount  of  air  per  person  is  not  available. 

In  the  evening  the  annual  banquet  of  the  society  was 
held  at  the  Hotel  ^Martinique,  with  the  newly  elected 
president,  John  F.  Hale,  presiding.  Mrs.  Florence 
Kelly,  secretary  of  the  Xational  Consumers'  League, 
made  a  plea  for  the  wider  dissemination  of  knowledge 
on  heating  and  ventilation  and  for  the  appointment  of 
intelligent  factory  inspectors.  John  Martin,  of  the 
Board  of  Education  of  Xew  York  City  and  chairman  of 
the  committee  appointed  some  time  ago  to  investigate 
the  heating  and  ventilfting  of  New  York  schools,  spoke 
of  the  conditions  existing  lU  the  city  and  the  desirability 
of  designing  ventilating  systems  so  that  they  might  be 
supplemented  by  opening  windows. 

At  the  session  on  Thursday  morning,  Frank  K.  Chew, 
editor  of  the  Metal  Worker,  Plumber  and  Steam  Fitt-'r, 
read  an  interesting  paper  on  a  combination  warm-air 
iind  hot-water  system  for  heating  and  ventilating  a  resi- 
dence. The  space  to  be  heated  amounts  to  22,057  cu.ft. 
and  the  e.vposure  to  an  equivalent  of  1212  sq.ft.  of  glass 
surface.  The  furnac-e  is  of  the  hot-air  type,  with  a  hot- 
water  drum  having  5.5  .sq.ft.  of  surface  in  the  eombus- 
lion  chamber.  Full  details  of  the  furnace  and  of  the 
services  in  general  are  given  in  the  paper. 

Frank  T.  Chapman.  cJiairman  of  the  Committee  on 
A'entilation  of  Motion  Picture  Theaters,  was  then  given 
the  floor  to  read  his  report  item  by  item  for  discussion 
by  the  convention.  The  ])rincipal  requirements  were  a 
minimum  of  4i/{  sq.ft.  of  floor  area  as  a  .seating  space 
per  occupant,  a  minimum  of  SO  cu.ft.  of  air  per  occuiiaiit 
and  a  temperature  ranging  between  fi2  and  70  deg.  F. 
Specific  directions  were  also  given  for  iiiaihine-lx.otii 
ventilation. 

One  of  the  topics  for  discussion  brought  up  nl  tiie  hist 
session  of  the  convention  was  a  request  for  a  standard 
method  of  using  an  anemometer  in  measuring  air  velocity 
in  front  of  a  register.  A  committee  had  been  appointed, 
which  reported  as  follows: 

Divide  the  opening  into  eight  equal  rectangular  areas 
with   no  side   longer  than    10  in.     Where  the  o|iening  is 


larger  than  the  maximum  obtainable  with  these  figures, 
use  twelve  areas.  Headings  of  one-half  minute  duration 
are  to  be  taken  at  the  center  of  each  area.  The  average 
of  the  readings  is  to  be  taken  as  the  average  velocity. 
Any  negative  reading  due  to  a  dead  space  in  the  register 
is  to  be  deducted.  The  average  velocity  times  the  net 
area  of  the  opening  will  equal  the  volume  of  air  dis- 
charged. 'When,  the  anemometer  is  held  2  in.  from  the 
face  of  the  register  no  allowance  need  be  made  for  the 
iron  or  wire  mesh,  the  full  area  of  the  opening  being 
taken.  With  a  diffuser  the  total  area  is  to  be  that  con- 
tained within  the  outer  perimeter. 

In  the  discussion  it  was  brought  out  that  the  anemom- 
eter is  not  an  accurate  instrument  for  measuring  air 
velocity  in  front  of  registers  and  should  not  be  used. 
The  pitot  tube  was  better,  but  in  the  opinion  of  W.  J. 
Baldwin,  neither  instrument  permitted  of  any  great  ac- 
curacy ,in  this  work.  He  recommended  the  use  of  a 
cone-shaped  hood  and  the  measurement  of  the  velocity 
at  the  apex  as  a  more  accurate  method. 

Other  matters  discussed  at  this  session  were  Mr. 
Donnelly's  method  of  testing  radiators  and  a  letter  from 
the  American  Society  of  Mechanical  Engineers  request- 
ing cooperation  in  an  addition  to  be  made  to  the' present 
standard  of  flanged  fittings.  A  committee  was  appointed 
to  confer  with  the  mechanical  engineers. 

Special  entertainment  was  provided  for  the  visiting 
ladies  in  the  way  of  sight-seeing  tours,  automobile  rides, 
luncheons,  matinee  parties  and  on  Thursday  evening 
opportunity  for  all  was  gi\en  to  attend  the  Hippodrome. 

Broman  Oven  Furnace 

By  R.  Cederblo.m 

Two  furnaces  similar  to  the  one  shown  in  the  accom- 
panying illustration  were  specified  as  ]iart  of  a  complete 
power  plant  installed  by  the  writer  in  a  wood-working 


Broman   Ovkn    Fiunai  i: 

factory  about  a  year  ago.  The  results  obtained  from  this 
plant  have  been  entirely  sa'tisfactory  both  in  ri'gard  to 
smokelessne.ss  and  efficiency. 

Ordinarily  when  one  or  more  Inick  arches  are  used  to 
obtain  smokeless  combustion,  thev  are  installed  with  more 
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or  less  sacrifice  of  heating  surface  imless  placed  entireh- 
outside  of  the  boilers,  which  often  is  objectionable  on  ac- 
count of  space,  loss  of  heat  from  radiation,  etc.  With 
the  construction  shown,  practically  the  entire  half  of  the 
shell  is  exposed  to  the  flame  and  hot  gases,  as  they  pass 
through  numerous  small  openings  in  the  top  of  the  arch 
and  come  in  contact  -n-ith  the  metal. 

The  mixture  of  air  and  unburnt  gases  passes  over  the 
bridge-wall,  and  into  a  combustion  chamber  with  a  solid 
back  and  an  arch  with  a  number  of  small  perforations, 
4x6  in.,  through  which  the  gases  must  pass  before  coming 
]n  contact  with  the  shell.  It  is  quite  natural  that  at  the 
high  temperature  existing  in  the  oven  and  the  gases  split 
up  into  small  volumes  in  passing  through  the  perfora- 
tions in  the  hot  brick  arch,  the  combustion  should  be 
complete,  providing  sufficient  air  is  present.  It  also  stands 
to  reason  that  with  such  thorough  mixing  of  the  air  and 
gases  a  minimum  quantity  of  air  is  required  for  com- 
plete combustion,  and  less  heated,  free  air  goes  to  waste 
up  the  chimney. 

The  combination  steam  and  air  nozzles  introduced 
through  the  front  and  sides  of  the  furnace  are  used  to 
supply  the  extra  amount  of  air  required  when  a  fresh 
charge  of  coal  is  thrown  onto  the  grates  and  at  the  same 
time  to  thoroughly  mix  with  air  the  gases  driven  off  the 
fresh  fuel  before  they  enter  the  combustion  chamber. 


Engineers'  Entertainment  at  Atlantic 
City 

Association  Xo.  -K  X.  A.  S.  E.,  of  Atlantic  City,  X.  J., 
entertained  its  many  friends  at  Turner  Hall,  in  that 
city  on  the  evening  of  Jan.  11.  The  national  and  state 
ofiicers  were  assisted  by  a  Xew  York  delegation  of  well 
known  engineer  entertainers,  including  Jack  Armour, 
Joe  McKemia,  Billy  Murray,  TV.  S.  Martell,  W.  S. 
Leonard,  J.  W.  Greves,  John  Callahan,  Edward  Sears, 
Frank  Martin  and  Frank  Ttittle. 

President  Truman,  of  the  local  association,  welcomed 
the  visitors  and  friends.  The  toastmaster  was  State 
Deputy  John  Jenkinson,  chairman  of  the  entertainment 
committee.  After  the  songs  and  stories,  James  E.  Coe 
gave  a  brief  talk  on  the  work  of  the  Xational  Associa- 
tion of  Stationary  Engineers.  Over  100  members  and 
guests  attended  the  banquet. 

Boiler  Explosion  at   Howland,  Me. 

From  information  received,  two  of  the  seven  return- 
tubular  boilers  of  the  Howland  PulJ)  &  Paper  Co.,  How- 
land,  Maine,  exploded  at  8  :30  a.m.,  Jan.  "30,  killing  two 
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Previous  to  the  writer's  experience  with  this  furnace, 
four  of  them  were  installed  under  66-iu.  by  18-ft.  boilers 
constituting  part  of  the  power  plant  of  one  of  the  large 
department  stores  in  Chicago.  Originally  the  boiler  plant 
consisted  of  six  66-in.  by  20-ft.  and  the  four  18-ft.  boil- 
ers equipped  with  ordinarj'  grates  and  settings.  During 
tJie  cold  season  all  of  the  exhaust  steam  was  required  for 
heating  purposes  with  never  less  than  seven  boilers  in 
operation.  Shortly  after  the  18-ft.  boilers  had  been 
equipped  with  the  perforated  arch  furnaces,  the  central 
.'tation  secured  the  contract  for  supplying  heat  as  well  as 
]iower  to  this  building,  but  not  being  in  a  position  to  sup- 
j)]y  the  heat  the  first  season,  the  four  boilers  were  retained 
and  readily  furnished  enough  steam  to  heat  the  entire 
building. 

The  furnace  is  the  invention  of  J.  G.  Broman,  a  me- 
chanical engineer  of  Chicago,  who  has  given  considerable 
time  and  study  to  the  subject  of  combustion. 


men,  injuring  several  others,  and  wrecking  the  boiler 
house. 

Both  men  killed  were  firemen,  and  were  found  pinned 
beneath  the  wreckage,  severely  scalded  by  escaping  steam 
and  crushed  by  flying  debris.  Both  were  alive  when  taken 
from  the  wreckage,  but  one  died  three  hours  later  and 
the  other  in  five  hours. 

The  explosion  completely  wrecked  the  boiler  house  and 
demolished  the  setting  of  the  remaining  five  boilers.  Two 
steel  stacks  were  knocked  down,  one  falling  on  the  mill, 
doing  additional  damage.  The  ptimp  house  and  engine 
room  were  wrecked,  and  flying  live  coals  started  several 
fires  which  were  put  out  without  diSiculty. 

It  is  reported  that  the  boilers  were  23  vears  old.  They 
were  insured  by  the  Hartford  Steam  Boiler  Insurance  & 
Inspection  Co.,  and  were  allowed  to  carry  80  lb.  of  steam. 
The  loss  is  reported  to  be  between  $40,000  and  $50,000. 

Among  those  who  escaped  death,  the  most  seriotisly  in- 
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jiirecl  was  a  fireman,  who  received  three  broken  ribs  and 
niiineroiis  bruises,  but  is  expected  to  recover. 

One  large  part  of  the  boiler  cra.slied  into  the  mill,  add- 
ing considerable  damage  to  that  done  by  the  falling  stack. 


Locomotive    Boiler  Explosion 

The  exiilosiou  of  the  boiler  of  a  Detroit  &  Toledo 
Shore  Line  K.  R.  locomotive  at  Detroit,  Mich.,  Jan.  5, 
caused  the  death  of  one  man  and  the  serious  injury  of 
six  others.  The  engine  was  being  prepared  to  haul  a 
passenger  train  to  Toledo  when  the  explosion  occurred. 
A  later  inspection  of  the  crown  sheet  disclosed  that  the 
plate  was  buckled  between  the  stays,  or  forced  down 
from  the  internal  pressure  in  many  places  %  in-  Tlie 
effect  of  the  buckling  between  the  stays  was  to  enlarge 
the  threaded  holes  in  the  plate,  thereby  greatly  lessening 
their  holding  strength.  All  stays  in  the  crown  sheet 
had  been  reiJeatedly  hammered  up  or  calked  to  j)revent 
leakage.  The  heads  which  the  stays  no  doubt  had 
originally  were  almost  entirely  pounded  away.  The  first 
tliread  on  the  end  was  apparently  destroyed  from  the 
repeated  hammering. 

In  addition  to  the  defective  stay  threads,  41  stays 
were  found  to  have  l^een  broken  at  some  time  preceding 
the  accident.  The  collapse  of  the  crown  sheet  would  not 
have  occurred  from  the  broken  stays,  if  the  threads  on 
the  balance  of  the  stays  had  been  in  good  condition,  be- 
cause the  broken  stays  were  so  located  that  the  curvature 
of  the  furnace  added  much  strength. 

The  boiler  bore  evidence  of  great  neglect,  of  long 
standing,  with  stay-ljolt  ends  and  stays  broken,  try-cocks 
dirty  and  water  gage-glass  cock  partly  closed.  An  ordi- 
nary inspection  should  have  disclosed  to  a  competent 
inspector  that  this  boiler  was  in  an  unsafe  condition. 

It  is  not  evident  that  the  water  was  low  just  preceding 
the  accident,  and  the  complete  absence  of  scale  on  the 
crown-sheet  after  collapse  does  not  warrant  the  belief 
that  the  crown  sheet  was  hot  just  before  the  collapse,  as 
any  scale  thereon  would  liave  been  cracked  off  liy  the 
elongation  of  the  plate  after  collapse.  The  scale  on  the 
crown-sheet  under  the  crown  bars  was  not  in  any  way 
disturbed. 


More    Turbine    Trouble 
"Lusitania" 


on 


th( 


.Aroordinff  to  press  i-t-port.s  uf  Thur.silay,  .Tan.  23.  tlu'  steam- 
ship "Lusltanla"  is  a^ain  laid  up  in  Liverpool  for  repairs  to 
at  least  one  low-pressure  turbine.  Slie  arrived  at  tiiat  port 
Dec.    31. 

As  usual  no  official  information  is  available  concerning 
the  trouble,  but  it  is  understood  that  this  lay-up  is  due  to 
the  bursting  of  the  turbine  casing,  which,  it  is  said,  damaged 
the  ship's  bottom.  The  "Lusitania"  is  indeed  unfortunate  with 
her  turbines,  or  at  least  with  a  forward  port  turbine,  which 
seems  to  be  the  one  giving  the  most  trouble.  Early  last  June 
a  forward  port  turbine,  stuck  fast  shortly  after  leaving 
Liverpool  .and  the  vessel  continued  to  New  York  at  reduced 
speed.  About  the  middle  of  last  August  the  dally  press  re- 
ported that  the  same  turbine,  presumably,  had  a  "hot  box," 
which  made  so  much  noise  that  nearly  all  on  board  were 
wakened.  Later,  investigation  developed  that  the  pas- 
stngers  were  wakened  by  the  tearing  to  pieces  of  the  tur- 
bine blades — quite  uifferent  from  a  "hot  box." 

Last  November  a  new  port  low-pressure  turbine  was  In- 
stalled, but  no  ofTiclal  Information  will  confirm  the  report 
that  this  Is  the  one  that  went  to  pieces  during  her  late  De- 
cember voyage   from    New    Vorl(. 


Ohio   Examiners*    and   Inspectors' 
Report 

The  report  of  the  work  done  by  the  Ohio  state  examiners 
of  steam  engineers  and  the  boiler-inspection  departments 
during  the   fiscal   year  ending  Nov.   15,    1912,   shows: 

Applications  for  engineer's  license 2291 

Applications  for  boiler  operator's  license 1410 

Total    3701 

Engineers  failing   to  qualify 1149 

Boiler  operators  failing  to  qualify 38S 

Total    1537 

Engineers    qualifying 1142 

Boiler  operators   qualifying 1022 

Total    2164 

Engineers'  licenses  revoked 3 

Engineers'   licenses   expired 690 

Boiler  operators'  licenses   expired 271 

Total    964 

Engineers'   licenses   renewed 12,775 

Boiler  operators'  licenses  rene-^'ed 1,822 

Total    11,597 

Engineers     holding  licenses 13.917 

Boiler    operators    holding   licenses 2,S44 

Total    16,'!  61 

Receipts  from  examination  and  renewals $36,596.00 

Maintenance     expenses 29,55'7.23 

There  were  14  employers  and  IS  operators  convicted  ot 
violations. 

A  census  taken  of  the  steam  plants  in  the  first,  second  and 
seventh  districts,  which  include  Cincinnati,  Cleveland  and 
Toledo,  by  the  tjoard  of  steam  engineers*  examiners,  shows 
the  benefit  derived  from  convictions  against  violators,  the 
increased  number  of  licenses  issued,  and  the  consequent  in- 
creased protection  afforded  the  public. 

The  law  creating  the  boiler-inspection  department  went 
into  partial  effect  on  Jan.  1,  1012.  but  did  not  become  fully 
effective  until  July  1.  The  following  i-eport  covers  about 
seven  months: 

State    inspections j  930 

Insurance   inspections .  11  670 

Boilers  registered  and  certified '.'  '.'       12150 

Boilers  held  for  repairs '302 

Boilers  condemned  and  out  of  service '.    .  198 

"Ohio    Standard"    boilers    built    and    approved    since 

July   1 702 

Boiler    manufacturers    registered    and    authorized    to 

build  "Ohio  Standard"  boilers 59 

Applicants   examined  to  qualify  as  boiler  inspectors..  170 

Qualified    145 

From  the  list  of  those  who  qualified,  ten  inspectors  were 
commissioned  to  act  as  "general  inspectors"  in  the  state  ser- 
vice and  104  as  "special  inspectors"    in  insurance  service. 

Three  boiler  explosions,  in  which  three  persons  were 
killed  and  one  injured,  were  reported.  Four  explosions,  kill- 
ing four  persons  and  injuring  11,  occurred  on  boilers  not  cov- 
ered by  law. 


For  a  Museum  of  Industrial  Arts 

The  value  of  museums  as  educational  factors  has  been 
recognized  by  the  foremost  nations  of  all  civilizations,  but 
the  great  works  of  the  engineer  and  mechanic  built  upon 
scientific   research   have   thus   far   had    but   scant    recognition. 

Germany  has  erected  the  first  comprehensive  museum  of 
the  masterpieces  of  science  and  the  technical  arts  at  JIunich. 
In  less  than  five  years  its  marvelous  success  encouraged  the 
managers  to  invest  the  millions  supplied  by  German  in- 
flustrialists  in  a  permanent  building  on  an  island  in  the 
Isar,  now  nearing  completion.  Last  April  a  commission  of 
five,  with  as  many  engineer  assistants,  was  sent  to  this 
country  to  look  for  more  contributions  of  machines,  models, 
drawings,  etc.,  to  enable  it  to  add  an  American  section  to 
each  of  the  main  divisions  and  to  encourage  American  en- 
gineers to   begin  a   similar  movement. 

America  owes  its  greatness  to  the  courage  and  skill  with 
which  its  artisans  and  engineers  solved  the  gigantic  prob- 
lems which  the  conquest  of  a  new  continent  imposed,  and  ir 
is  this  generation  which  has  profited  by  the  labors  ot  th'- ^e 
pioneers  and  which  should  search  out  and  preserve  the 
records    of    their    work. 

Nearly  thirty  years  ago,  John  E.  Sweet,  past  president 
of  the  American  Society  of  Jlechanlcal  Engineers,  wrote: 
"May  the  time  come  when  we  shall  have  a  museum  In  which 
there  shall  be  gathered  the  finest  specimens  of  workmanship 
with    the    masterpieces    of   our   great    en;:ineers." 

Tt  Is  to  be  hoped  that  every  man  familiar  with  any  one 
of  the  many  induslrles  will  search  out  such  relics  hh  sllll 
exist   in   drawings,   models,   descriptions   or   specifications  and. 
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onct-  used  but  now  outclassed  or  outworn  tools,  machines 
and  structures  which  represent  steps  in  industrial  progress, 
rescue  them  from  the  oblivion  of  the  scrap  heap  and  notify 
the  committee  on  museums  of  the  American  Society  of  Me- 
chanical Eng'ineers  of  their  existence,  condition  and  loca- 
tion, and  explain  to  the  present  owners  their  educational 
and  sentimental  value.  This  knowledge  of  what  is  available 
for  preservation  must  precede  the  planning  of  any  building 
to  house  them  and  will  largely  aid  in  inducing  cities,  cor- 
porations, and  individuals  to  proffer  the  financial  aid  neces- 
sary to  build  up  some  great  national  museum  of  the  in- 
dustrial arts.  The  movement  once  begun  and  its  educational 
value  made  manifest,  other  museums  will  grow  up  in  va- 
rious   communities    illustrating   special    industries. 

Dr.  Kunz.  who  is  also  chairman  of  the  plan  and  scope 
committee  for  the  celebration  of  the  century  of  peace  be- 
tween England  and  -America,  has  proposed  such  an  in- 
dustrial museum  as  the  fittest  expression  of  American  pride 
and   joy    in    this   achievement. 


14.  What  horsepower  will  a  man  weighing  ISO  lb.  de- 
velop in  walking-  up  a  flight  of  stairs  100  ft.  high  in  one 
minute? 

15.  What  is  meant  by  "The  Range  of  the  Governor?" 
Do  all  governors  have  the  same  range,  if  not,  why  not? 

16.  Why  is  the  solid  piston  generally  used  in  preference 
to  the  built  up  piston   in   high-speed   engines? 

17.  Which  do  you  consider  the  better  connection  for  a 
piston  rod  in  a  crosshead,  the  screwed  end  with  check  nut,  or 
the    keyed    tapered    end?      Why? 

18.  Why  is  the  cutoff  of  a  plain  slide-valve  engine  limited 
to  about  %  stroke  when  some  balanced  slide-valve  engines 
cut    off   much    earlier   in   the   stroke? 

19.  A  Rice  &  Sargent  engine  has  a  sliding  foot;  what 
for? 

20.  Why  should  a  Corliss  engine  use  less  steam  per  in- 
dicated  horsepower   than   a   slide-valve   engine? 

21.  Draw  an  indicator  card,  such  as  would  be  taken  from 
a  Westinghouse  compound  engine  and  explain  the  same. 


Dinner    to    C.    A.    Griscom,     Jr. 

The  rapid  growth  during  the  past  year  of  the  Griscom- 
Russell  Co.,  the  successor  to  the  Griscom-Spencer  Co.,  Russell 
Engine  Co.  and  the  James  Reilly  Repair  &  Supply  Co.,  was 
celebrated  by  a  dinner  given  to  President  Clement  A.  Gris- 
com, Jr.,  by  the  G-R  Lunch  Club,  at  the  Garret  Restaurant, 
New  York  City  recently.  It  completed  Mr.  Griscom's  first 
year  in  the  active  management  of  the  business,  and  his 
twenty-first  as  president. 

Nearly  one  hundred  members  of  the  staff  attended,  in- 
cluding the  New  York  sales,  engineering  and  accounting 
forces,  and  the  cost  and  office  staff  and  foremen  from  the 
Jersey  City  shops.  The  works  at  Massillon  were  represented 
by  Arvine  Wales  and  R.  J.  Pabodie,  M.  E.,  works  manager. 
G.  v.  S.  Michaelis,  vice-president  and  treasurer,  was  toast- 
master. 


Educational   Work  of  Beacon  Asso- 
ciation No.  30,  N.  A.  S.  E. 

Herewith  is  presented  Question  Paper  No.  5-B  issued  by 
the  Educational  Committee  of  Beacon  Association  No.  30, 
N.  A.  S.  E.,  as  illustrating  the  good  work  being  done  by 
operating  engineers  for  their  mutual  improvement.  The 
questions  refiect  the  earnestness  of  the  members  of  the  as- 
sociation and  are  not  only  of  technical  interest,  but  should 
be  appreciated  by  owners  of  power  plants  in  evidence  of  the 
breadth  of  intelligence  which  engineers  are  called  upon  to 
exercise   in   the   practice   cf   their   vocation. 

The  question   paper   is   as  follows: 

1.  How  is  the  manhole  plate  made,  and  how  put  in,  when 
a   boiler  has  a  circular  manhole   opening? 

2.  Describe  a  gusset  stay.  In  what  type  of  boiler  is  it 
used?  Is  there  any  objection  to  its  use  in  a  horizontal  tubu- 
lar boiler? 

3.  Why  does  the  Board  of  Boiler  Rules  object  to  the 
use  of  a  lead   manhole   gasket   below   the    water   line? 

4.  How  is  the  underneath  part  of  Heine  boilers  got  at 
for    inspection? 

5.  Why  are  the  fire  tubes  of  vertical  boilers  of  smaller 
diameter    than    those    of    horizontal    tubular    boilers? 

6.  If  the  water  line  in  a  vertical  boiler  is  located  at  a 
height  of  3  the  length  of  the  tubes,  will  the  capacity  of  the 
boiler  be  increased,  or  decreased,  it  the  water  line  is 
raised?     Explain  why. 

7.  Where  is  the  circulating  pipe  attached  to  a  vertical 
Cahall    boiler   and    what    is    it    for? 

S.  What  is  the  thickness  of  the  metal  in  B.  &  W.  boiler 
tubes?  Would  there  be  anything  gained,  or  lost,  if  the  metal 
in   these    tubes   was   made   twice   as   thick? 

9.  What  part  of  the  boiler  has  the  greatest  pressure  on 
it?     Why? 

10.  If  a  Massachusetts  standard  boiler,  horizontal  tubu- 
lar type,  has  a  manhole  in  the  front  head  beneath  the  tubes, 
will  both  heads  of  that  boiler  beneath  the  tubes  require 
bracing?     Give  the  reasons   for  your  answer. 

11.  What  is  gained  by  the  use  of  an  economizer?  Where 
should  it  be  located?  What  troubles  are  liable  to  arise 
through    its   use? 

12.  Why  do  injectors  refuse  to  work  when  the  feed  wa- 
ter is   too   hot? 

13.  If  one  of  the  springs  of  a  Waters  governor  should 
break   while   the  engine   was   running,   what  would  happen? 


SOCIETY     NOTEvS 


The  annual  meeting  of  the  American  Institute  of  Consult- 
ing Engineers  was  held,  Jan.  14,  at  the  Engineers'  Club,  New 
York  City.  Henry  Holgate,  Montreal,  Canada,  and  Daniel  E. 
Moran  and  Charles  Sooysmith,  New  York  City,  were  elected 
members  of  council  to  serve  three  years.  F.  A.  Moliter,  New 
York  City,  was  elected  a  member  of  council  to  serve  one 
year.  After  the  routine  business  was  transactec.  Prof.  George 
F.  Swain,  of  Harvard  University,  addressed  the  meeting  on 
the  question  of  'Education,"  which  was  very  ably  discussed 
by  Rudolph  Hering,  Gen.  T.  A.  Bingham,  Prof.  Gardner  S. 
Williams,    of   Ann   Arbor,    Mich.,   and    Frank   J.    Sprague. 

The  Interstate  Oil  Mill  Superintendents'  Association  will 
hold  its  convention  in  Atlanta,  June  4,  5  and  6,  at  the  Audi- 
torium Armory.  The  plans  incl"ude  the  most  comprehensive 
exhibit  of  oil-mill  machinery  and  appliances  ever  held  in  the 
South  and  the  main  room  of  the  auditorium  has  been  reserved 
for  the  exhibits.  Both  operating  and  still  exhibits  v  ill  be 
shown  and  an  attendance  of  250  oil-mill  superintendents  is 
expected.  J.  C.  Holmes,  president  of  the  Interstate  Oil  Mill 
Superintendents'  Association,  Shellman,  Ga.,  will  give  in- 
formation relative  to  the  superintendents'  meeting,  and  F.  C. 
Myers,  secretary  of  the  Oil  Mill  Superintendents'  Auxiliary, 
has  complete  information  in  regard  to  exhibit  space  and  the 
exhibitors'    association. 


LAVINIA     MARSTON    SWASEY 

Mrs.  Lavinia  Marston  Swasey.  wife  of  Ambrose  Swasey. 
president  of  the  Warner  &  Swasey  Co..  Cleveland,  Ohio  died 
at  her  home,  7808  Euclid  Ave.,  on  Jan.  22.  Mrs.  Swasey  was 
born  at  Hampton,  N.  H..  July  28,  1842,  the  Marston  familj 
having  been   among   the   pioneer   settlers   of   that   community. 

Mrs.  Swasey  had  lived  in  Cleveland  for  more  than  thirty 
years  and  was  well  known  in  society,  in  benevolent  "work, 
and  to  members  of  the  American  Society  of  Mechanical  En- 
gineers and  their  "wives,  having  frequently  attended  the  meet- 
ings. She  "was  also  active  in  the  Young  Women's  Christian 
Association,  and  was  selected  by  its  founders  as  one  of  the 
original   Rose   Fund   trustees. 

Wide  experience  of  travel  in  many  parts  of  the  world  had 
broadly  extended  Mrs.  Swasey's  sympathies  in  lines  of  mis- 
sionary effort,  and  the  hospitalities  of  that  home,  as  well  as 
the  presence  of  its  gracious  mistress,  will  be  missed  by  a 
large   number   of   friends. 


PERSONALS 


F.  D.  Martin,  consulting  engineer,  has  been  retainea  to 
prepare  preliminary  estimates  for  a  municipal  electric-light 
plant    at    Fort   Scott,   Kan. 

Heinrich  Homberger,  consulting  engineer,  S64  Pacific 
Building.  San  Francisco,  has  been  appointed  advisory  engi- 
neer for  hydraulic-plant  equipment  by  the  Oro  Electric  Cor- 
poration in  connection  with  the  proposed  4  0.000 -k  v. -amp. 
power   plant   on    the   North    Fork    of   the    Feather   River. 
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Waterbury  and  Bull's  Bridge  Plants 


By  Waeken  0.  Kogeks 


SYNOPSIS — The  Waterburij  plant  consists  of  four 
steam  turbine  units  and  a  large  transformer  station. 
The  latter  converts  the  electrical  energy  generated  at 
the  Bull's  Bridge  hydro-electric  plant  and  the  steam  tur- 
bines to  voltage  suitable  for  commerical  use.  The  Bull's 
Bridge  plant  contains  six  lOOO-hiv.  hydro-electric  turbo- 
generators. 


cf  the  transformer  room.  This  enables  the  operators  to 
have  an  vmrestricted  view  of  the  entire  electrical  equip- 
ment. 

Turbines  and  Condensers 

In  many  respects  the  steam-generating  plant  is  a  du- 
plicate of  the  power  plant  recently  built    at    Zylonite, 


Fig.  1.  TuEBo-GENEKATOK  EooM  FROM  THE  TuiusiNE  End  Fig.  2.   Generatok  Eoom  from  the  Transformer  End 


Fig.  o.    Eight  .jOO-hp.  Wateii-ti-be  Boilers 


Fig.  -i.  Ash  Car  in  Boiler-room  Basement 


What  is  now  known  as  the  Waterbury  turbine 
plant  of  the  Housatonic  Power  Co.,  Waterbury,  Conn., 
was  originally  a  substation,  used  for  transforming  the 
electrical  energj'  generated  at  the  hydro-electro  station  of 
the  company  located  at  Bull's  Bridge,  Conn.,  to  commer- 
cial voltages. 

The  older  part  of  the  building  is  still  used  to  house 
transformers  of  various  types,  and  rotary  converters  for 
railway  load,  but  the  new  extension  in  which  the  tur- 
bine-driven generators  are  installed  forms  a  continuation 


Mass.,  and  described  in  Power,  July  4,  1911.  There  are 
three  steam  turbines,  placed  crosswise  of  the  generator 
room.  Fig.  1.  The  largest  is  of  3000  kw.,  running  at  1800 
r.p.m.  The  other  two  turbines  are  of  1500  kv.-a.  capac- 
ity, running  at  3600  r.p.m.  All  u.se  steam  at  175  lb. 
pressure,  superheated  75  deg.  P.  Each  turbine  exhausts 
into  a  jet  condenser.  The  larger  unit  is  supplied  with 
condensing  water  by  a  turbine-driven,  20-in.  volute  pump 
and  each  small  turbine  condenser  by  a  turbine-driven, 
12-in.  volute  pump.    The  speeds  are  970  and  1750  r.p.m. 
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and  the  turbines  are  of  125  and  25  hp.,  respectively,  at 
175  lb.  steam  pressure.  The  large  condenser  is  piped  to 
a  12  and  22  bj'  18-in.  steam-driven  dry-air  pump;  the 
other  two  condensers  are  each  connected  to  an  18  and  20 
by  12-in.  steam  driven  dry-air  pump.  Work  is  also  un- 
der way  in  installing  another  steam  turbine  of  4000  kw. 
capacity. 

These  auxiliary  units  are  in  the  basement  between  the 
concrete  columns  forming  the  supports  for  the  turbines. 
Steam  superheated  75  deg.,  at  boiler  pressure,  is  used  on 
all  auxiliaries. 

All  condensing  water  is  taken  from  the  Xaugatuck 
Eiver,  which  flows  past  the  plant. 

Directly  coupled  to  the  large  turbine  is  a  3000-kw., 
alternating-current,  three-phase,  60-cycle,  2300-volt 
generator.  The  small  turbine  generators  are  of  1500  kv.-a. 
capacity;  the  voltage  is  2300  and  the  amperage  373  per 
terminal. 

Exciter  Units 

There  are  two  125-volt  turbine-driven  exciter  sets,  each 
of  100  kw.   capacity  at  a  speed  of  1800  r.p.m.     These 


drive  from  a  shaft  running  under  the  stokers  in  the  base- 
ment. This  shaft  is  belt-driven  from  the  blower  turbine, 
also  in  the  basement.  The  boilers  are  all  e<"iuipped  with 
superheaters. 

DiiAi-T  Control 

For  the  draft  there  are  two  forced-draft  fans,  each 
driven  by  a  150-hp.  turbine.  These  are  in  the  basement 
and  the  air  is  delivered  to  a  sheet  steel  air  duct  running 
beneath  the  boiler  furnaces.  Four  outlets  extend  from 
the  top,  each  dividing  into  a  Y,  making  eight  branch 


units  are  placed  lengthwise  at  one  side  of  the  room,  Fig. 
1,  and  at  the  head  end  of  the  turbines.  There  are  no  mo- 
tor-driven exciter  units,  as  the  exhaust  steam  from  tlic 
auxiliary  turbine  can  be  used  to  advantage  in  heating  the 
feed  water. 

BoiLKK  Room 

The  eight  ."JdO-li]).  water-tube  boilers  are  in  a  room 
built  on  the  back  of  the  extension  to  the  old  transformer 
station,  and  are  in  four  batteries  of  two  boilers  eadi,  as 
shown  in  Fig.  3,  with  a  firing  alley  between  the  two  rows. 
The  furnaces  have  mechanical  stokers  operated  by  chain 


pipes,  which  are  extended  to  the  ashpit  of  the  eight  fur- 
naces. The  speed  of  the  turi)ines  <lriving  the  forced-draft 
f£nj>_is  controlled  by  a  steam  damper  regulator.  The  up- 
take damper  is  controlled  by  a  regulator  actuated  by  the 
air  pressure  in  the  furnace. 

In  a  room  above  and  at  one  end  of  the  boiler  room  are 
four  12-ft.  fan.s,  each  driven  at  constant  speed  by  a  side- 
crank,  slow-speed,  j)iston-valve  engine.  The  flue  gases 
from  each  set  of  four  boilers  pass  through  an  economizer 
back  of  each  set  of  boilers.  After  passing  through  the 
induced-draft  fans  the  gases  are  discharged  through  tvo 
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10-ft.  stacks.  A  3-in.  draft  is  created  by  the  forced-draft 
fans,  but  the  iuduced  draft  is  much  less,  varying  from 
0.3  to  0.5  in.  A  third  forced-draft  fan  is  also  installed, 
driven  by  a  600-volt  direct-current  motor  of  50  to  100 
hp.  ca])acity,  running  at  SO  to  960  r.p.m. 

Feed  Water 

Water  for  boiler  feed  is  pumped  from  the  Xaugatuck 
IJiver  by  a  1-i  and  12  by  12-in.  duple.x  pump  in  the  tur- 
bine-room basement.  The  feed  water  is  pumped  through 
an  open  feed-water  heater,  and  a  water  weigher  to  two  iron 
hotwell  tanks  in  the  basement  from  which  it  is  pumped 
tlirough  the  economizer  to  the  boilers  by  either  of  four 


^rheel,  shown  in  Fig.  4.  When  the  ash  hoppers  are  to  be 
emptied,  an  ash  car  is  run  under  the  gate  and  after 
loading  is  run  out  and  dumped  in  the  yard,  which  is  on  a 
level  with  the  basement  floor.  The  space  beneath  the 
conveyor  is  used  for  storing  coal,  which  when  wanted  is 
shoveled  into  a  small  coal  car  ami  run  to  the  conveyor 
hopper  on  a  track.  A  monorail  coal  handling  system,  for 
reclaiming  coal  from  the  storage  pile,  is  now  being  in- 
stalled. 

The  old  section  of  the  present  building  is  used  as  a 
substation,  containing  the  necessary  step-down  transform- 
ers and  rotaries,  for  supplying  the  railway  circuits,  and 
the   necessary  step-down   transformers  for  reducing  the 


DripYtell 


Fig.  6.    yEcxiox  through  Waterbuey  Turbine   Power  Plant 


1  i    and 
pumps. 


by    18-in.    outside-packed    duplex,    poi-valve 
Coal  and  Ash 


Coal  is  delivered  to  the  boiler-room  coal-storage  bin  by 
a  scraper  conveyor  from  a  hopper  below  the  ground  sur- 
face in  the  yard.  The  fuel  is  dumped  through  the  bottom 
of  hopper  cars  into  the  conveyor  hopper  and  is  carried 
to  the  75-ton  coal  service  bunker  at  a  rate  of  40  tons  per 
hour,  passing  through  a  set  of  crushing  rolls.  Fuel  is 
transferred  from  the  service  bunker  to  the  stokers  by  two 
electric-all}'  operated  traveling  weigh  hoppers,  each  of  5- 
ton  capacity.  Each  weigh  hopper  has  a  spout  through 
which  the  coal  is  delivered  to  the  stoker  hoppers,  and 
scales  for  weighing  the  coal. 

Ashes  from  the  stokers  drop  into  ashpit  hoppers  hav- 
ing slanting  sides  and  sliding  bottom  plates  which  are 
opened  or  closed  by  a  rack  and  pinion  operated  by  a  hand- 


transmission  line  voltage  from  33,000  to  2300  volts  for 
distribution  to  the  various  lighting  and  power  lines. 

The  railway  equipment  consists  of  two  1000-kw.,  600- 
volt  direct-current,  six-phase,  60-cycle  rotaries  and  two 
500-kw.,  600-volt,  direct-current,  six-phase,  60-cycle  ro- 
taries, with  the  necessary  transformers  for  stepping  down 
from  33,000  volts  to  440  volts ;  one  motor-driven  boost- 
ing generator  for  boosting  the  voltage  on  the  long  out- 
lying lines. 

There  are  two  banks  of  oil-cooled  transformers,  each  con- 
sisting of  three  600-kw.,  single-phase  transformers  delta 
connected,  for  reducing  the  voltage  from  33,000  to  2300 
voks  for  distribution  to  the  various  lighting  and  power 
lines.  There  are  seven  constant-current  transformers  for 
supply  to  alternator-current  arc  circuits.  These  are  com- 
plete with  necessary  individual  plug  switchboards,  as 
shown  in  Pig.  2.  Each  transformer  is  of  the  air-cooled 
type  and  500  kw.  capacity.    The  cooling  air  for  air-cooled 
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equipment   is   supplied  by  two  motor-driven    fan   blow- 
ers, the  normal  air  pressure  being  %  oz. 

Part  of  the  oil  switches  are  motor  operated  and  part 
solenoid  operated,  the  more  modern  type  being  the  latter. 
The  33,000-volt  switches  are  located  on  the  main  floor 
between  the  wall  and  the  transformers.  The  2300-volt 
switches  are  located  in  the  bus  structure  in  the  basement 
directly  under  the  switchboard.  This  switchboard  con- 
sists of  a  50-slate  panel  and  is  placed  along  the  opposite 
side  of  the  transformer  room  from  the  oil  switches  before 
mentioned.  Fifteen  of  these  panels  are  for  lighting  and 
power  circuits;  12  are  for  the  rotary  converters,  booster 
and  instrument  panels;  13  are  600  volt,  direct-current 
railway  feeder  panels;  six  are  33,000  volt  high-tension 


Fig.  7.    Hydro-electric  Power  Plant,  Bcll's 
Bridge,  Conn. 


The  Ilousatonic  River  is  dammed  at  Kent,  two  miles 
above  the  power  plant. 

The  water  is  taken  from  above  the  dam,  two  miles 
above  the  forebay,  which  is  just  above  the  gate-house  on 
the  hill,  shown  in  Fig.  7.  Here  the  water  is  controlled 
by  gates  and  delivered  to  the  water  turbines  through  a 
13-ft.  penstock,  which  is  reduced  in  size  at  each  intake  to 
a  waterwheel.  The  penstock  rests  upon  concrete  support- 
ing blocks  from  the  gatehouse  to  the  end  of  the  power 
house,  and  upon  supporting  forms  made  of  I-beams  and 
saddles  at  the  rear  of  the  station,  as  shown.  Water  to 
each  of  the  3000-hp.  hydraulic  turbines  is  controlled  by  a 
hydraulic  gate  valve;  a  three-way  valve  in  a  bypass  pipe 
connects  with  the  top  and  bottom  of  the  valve  cylinder 
controlling  the  admission  of  water  to  the  valve  plunger. 
The  three-way  cock  is  operated  by  hand  chains  by  the 
operator  while  standing  on  the  floor. 

Each  of  the  six  turbines  is  directly  coupled  to  a  1000- 
kw.  alternating-current  generator  running  at  400  r.p.m. 
The  voltage  of  each  machine  is  1150.  A  general  view  of 
the  generator  room  is  given  in  Fig.  8.  The  shaft  of  each 
generator  extends  out  beyond  the  outboard  bearing. 
This  permits  moving  the  bearing  out  on  the  base  exten- 
sion and  also  moving  the  generator  casing  sidewise  so  that 
the  armature  is  accessible  without  getting  the  shafting 
out  of  alignment. 

Belt-driven  waterwheel  governors  regulate  the  speed  of 
these  turbines,  each  independent  of  the  other,  as  shown 
in  Fig.  9. 

The  two  exciter  sets  are  driven  by  water  turbines,  each 
directly  coupled  to  a  125-volt,  direct-current  generator. 
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l>anels    and    four    are    2300-volt,    three-phase    generator 
panels. 

The  building  is  of  red  brick.  The  lioiicr  nxmi  adjoins 
the  new  section,  the  building  as  a  whole  being  L-shaped. 
There  arc  two  hand-operated  cranes,  one  above  the  trans- 
former section,  and  one  over  the  turbines.  The  first  is  of 
10  tons  and  the  other  of  35  tons  ca])acity.  A  ])Ian  and 
elevation  of  the  turiiinc  ])lant  is  shown  in  Figs.  5  and  6. 

II vi)ii(i-i;i,i:(  I'lfic  rouHH   I'laxt 

Thirty-two  miles  from  Waterbury  is  the  Bull's  Bridge, 
Conn.,  hydro-electric  power  plant  of  the  Ilousatonic 
Power  Co.,  which  is  run  in  connection  with  the  Water- 
bury  steam  station.  The  building  i.s  of  concrete  and  has 
a  wing  containing  the  switchboard  and  transformers. 
Fig.  7  shows  a  rear  view  of  the  building  and  ])enstock. 


Connection  is  maikt  with  the  main  j)enstock  by  a  3G-in. 
pipe  having  a  Y-connection  at  the  inner  end  and  an  18- 
in.  branch  to  each  water  turbine.  One  of  the  exciter 
units  is  directly  coupled  to  a  100-hp.  induction  motor, 
which  is  used  to  operate  the  exciter  generator  after  the 
main  units  have  been  brought  up  to  speed  and  phased  in. 
Each  exciter  unit  is  governed  i)y  a  lielt-driven  hydraulic 
governor.  This  is  all  of  the  niarhiiuMT  in  the  hydro-electric 
jilant. 

A  view  of  the  marble  switchl)()ard  is  shown  in  Fig.  10. 
Ft  is  on  a  balcony  facing  the  generator  room.  Under- 
neath are  the  motor-operated  oil-break  switches.  In  a 
room  back  of  the  switchboard  are  the  seven  850-kw.  trans- 
formers, Fig.  11,  which  take  the  electrical  energy  at  1150 
volts  and  step  it  up  to  33,000  volts,  at  which  pressure  it  in 
transmitted  to  the  Waterbury  station  over  a    duplicate 
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-traiismission  line  of  4/0  almniimm  wire  on  wood  poles,     TurbinC     Driven  Centrifugal     Pump    of 
there  beino:  two  banks  of  transformers,  with  one  spare. 


The  stage  of  the  water  in  the  Hoiisatonic  Eiver  gov- 
erns the  operation  of  these  two  plants.  If  the  water  is 
sufficient  to  drive  all  of  the  six  generating  sets,  the  steam- 
turbine  plant  is  relieved  of  much  of  its  load,  which  per- 
mits of  cutting  out  some  of  the  boilers,  turbines  and  gen- 
erators until  such  time  as  the  state  of  water  at  the  hy- 


Large  Capacity 

A  steam-turbine-driven  centrifugal  pump  of  100,000,- 
000  gal.  per  day  capacity,  is  to  be  installed  in  the  Ross 
pumping  station  of  the  Pittsburgh  water-works  by  the 
DeLaval  Steam  Turbine  Co.,  of  Trenton,  IST.  J. 

It  is  reported  that  this  will  be  the  largest  steam-tur- 


FiG.  10.    Oil  Switches  axd  SwixcHBOAitD 


Fig.  11.   Transformer  Room 


dro-electric  plant  demands  the  operation  of  additional 
steam  units  to  maintain  the  maximum  output  of  elec- 
trical energ}-. 

Although  these  two  stations  are  about  3*^  mile^  apart, 
they  work  in  parallel,  signals  for  cutting  machines  in  and 
out  of  service  being  given  by  illuminated  disks  at  the 
switchboard. 


bine-driven  centrifugal  pump  ever  built  in  this  country : 
the  rated  capacity  is  100,000,000  gal.  per  day  against 
a  total  head  of  56  ft. 

The  pump  is  guaranteed  by  the  builders  to  show 
a  duty  of  115,000,000  ft.-lb.  per  1000  lb.  of  dry  steam, 
all  steam  used  by  the  condensing  equipment  being 
charged  to  the  main  unit. 


EQUIPMENT  OF  THE  WATERBURY  AND  BULL'S  BRIDGE.  CONN.,  POWER  PLANTS 


Application      Kw.  ;K.v.a    Volts    I  ase      cles 


St€am  turbine 


Steam  turbines. 
Steam  turbines. 
Steam  turbines. 


Generators 
Generators. 
Generators. 

Motor 


Condensers. . . 

Boilers 

Stokers 

Superheaters, 


Heater 

Heater 

Weigher 

Blowers 

Converter 

Converters. . , 
Converters.  . 
Transtonners. 

Transformers. 

Trans  rormers. 


Kerr 
Kerr 
Westinghouse 
Terry 
A.C. 
A.C. 


Induction 

D.C. 
Induction 


Dry  air 
Smitb-vaile 
Duplex 
Duplex 
Duplex 
Forced  draft 


DC. 

Rotary 
Rotary 


Crane. 
Turbines- . . 
Generators - 
Governors.  . 
Turbines. . . 
Generators 

Governors . 

tches 
Transformei 


Hand  operated 
Hydraulic 

A.C. 
Hydraulic 

Hydraulic 

DC. 
Induction 
Hjdraiilic 
Oil  break 
Oil  cooled 


Main  unit 
Main  units 
Circ.  pump 
Clrc.  pump 
Exciter  units 
Fans 
Main  units 
Main  units     1 

Exciters 
Blower  Fans    ! 

Converters 
Gen  drive 

Cooling  Fans 
Large  turbine 


1500       2.300 


Boiler  furnace 

Feed  water 

Feed  water 

Feed  water 

Transformers 

Generator 

A.C. 

A.C. 

Trans,  lines 


Trans,  lines        600 


500  ".      I       600 
600  :  667  ,  33.000  I 


Trans,  lines 


500 


Transrormers .Constant  > 

Transformers Oil  cooled 

Crane Hand  operated 


Arc  circuits     i     62 
Trans,  lines 
Trans,  room 
Turbine  room 
Gen,  imits 
Main  imits     looo 
Water  turbines 
Exciter  set 
Exciters 
Exciter 
Exciter  turbine 
Trans,  lines 
Trans,  lines        850 


33.000  1  • 
2.300  r 
33.000  I 

440  ; 


800 
72  I 

143 ; 


175 

A.T.B. 

1800 

3600 

1800 
4801 
960/ 

R 

600 

M.P. 

I 

450 

20" 
12" 

Kerr  Turbii 
Kerr  Turbine  Co. 
Westinghouse  Machine  Co. 
Terry  Steam  Turbine  Co. 
General  Electric  Co. 
Westinghouse  Electric  &  Mfg.  Co. 
Westinghouse  Electric  &  Mfg.  Co. 
General  Electric  Co. 
General  Electric  Co. 
General  Electric  Co. 
j  General  Electric  Qz.       ~~~ 
[Alberger  Pump  &  Condenser  Co. 
Alberger  Pump  &  Condenser  Co.       i 
Bl^elow  Co. 

American  Engineering  Co. 
Power  Specialty  Co. 
Alberger  Pump  &  Condenser  Co. 
\lberger  Pump  &  Condenser  Co. 


vant  Co.  E.  F. 


( ..'ntral  Electric  Co. 
t.;ent-ral  Electric  Co. 
General  Electric  Co. 
Westii^house  Electric  &  Mfg.  Co. 
General  Electric  Co. 
General  Electric  Co. 
General  Electric  Co. 
General  Electric  Co. 
Whiting  Foundry  Equipment  Co. 
Brown   Hoistine  Machine  Co. 
S.  Morgan  Smith  Co. 
General  Electric  Co. 
Lombard  Governor  Co. 
Morgan  Smith  Co. 


Lombard  Gove 
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The  Balanced   Draft  System    of 
Furnace  Regulation 

This  system  of  draft  control  is  applied  to  boiler  fur- 
naces to  so  regulate  the  supply  of  air  and  exhaust  of 
gases  that  a  substantially  uniform  or  atmosplieric  pres- 
sure is  maintained  in  the  furnace  for  all  rates  of  com- 
bustion. By  its  use.  the  air  supplied  to  the  furnace  can 
be  reguUited  to  just  the  proper  amount  required  for  the 


air  blower.  The  position  of  the  uptake  flue  damper  is 
controlled  by  a  regulator,  as  shown  in  Fig.  1,  and  il- 
lustrated in  detail  inFig  .  2.  The  regulator  is  belt  driven 
from  the  fan  engine,  and  the  worm-shaft  A,  with  the  aid 
of  suitable  mechanism,  oscillates  the  pawls  FF  backward 
and  forward.  The  shield  N,  which  oscillates  with  the 
pawls,  prevents  them  from  engaging  with  the  ratchet 
wheels  as  long  as  the  disk  U  oscillates  with  the  shield, 
which  it  does  normally. 

The  escapement  is  controlled  by  a  Bourdon  tube  act- 
imj  through  the  lever  and  the  rod  T.     When  the  steam 


ELEVATION 
SHOWmS  6ASP1PE 
TO  FURMACE 

(^enlarged) 


•^         "■--,    AirPuct 
Fig.  1.  Diagrammatic  View  of  Coxteollixg  Apparatus 


maintenance  of  the  desired  rate  of  combustion.  It  also 
is  claimed  to  increase  the  capacity  and  the  efficiency  of 
both  the  furnace  and  the  boiler,  and  permits  the  use  of 
the  cheaper  fuels. 

Other  advantages  claimed  for  it  are  increa.sed  life  of 
the  boiler  and  setting,  and  reduction  in  maintenance  and 


pressure  is  above  normal,  the  left-hand  side  of  the  escape- 
ment is  raised,  engaging  the  disk  U  and  preventing  the 
shield  N  from  moving  to  one  side  of  its  central  position. 
The  pawd  on  this  side  then  engages  the  teeth  of  the 
ratchet  wheel,  turning  it,  and  this  motion  is  communi- 
cated   by    a   worm   gear    to    an    operating    lever   which. 


Fig.  y.   SiDK  AND  Kni)  Skctioxal  \'ii:\v  or  B.  I).  Fi«.  3-  Ri:Grr.ATon  ("oveh  Kemoved 
i;i:Gi-T.ATf;ii 

through  its  connection,  (i|>crates  (be  ibinipn-  in  the  corro- 

repair   expenditures,    due   to    the   eliuiinatidM    of   strains  sponding  direction. 

cau.sed   by   unequal   e.\i)ansi(iM    ami   contraction,   and    the  The  motion   of  the   operating  lover  causes  a   coniinMi- 

disintegration  of  furnace  linings  which  follows  as  a  eon-  .-ator  earn  to  turn,  moving  the  outer  end  of  the  le\er  .s' 

sequence.  ii'  such  a  direction  that  the  rod  T  is  moved  in  a  direelion 

Keferring  to   Fig.    1.  it   will   be  sic  ii  that   the  ashpit  is  opposite  to  that  which  the  Bourdon  tube  moved  it.     This 

connected    to   an    air   dud    lea<ling   to   an   engine-driven  regulator  is  said   to  be  .so  sensitive   that   i-lb.   variation 
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in  steam  pressure  is  all  that  is  necessarj-  to  eSectively  op- 
erate it. 

Figs.  3  aud  4  show  two  views  of  the  low-pressure  regu- 
lator, which  is  operated  by  the  pressure  of  gases  in  the 
furnace.  It  is  connected  to  the  furnace,  above  the  grate 
by  an  opening  in  the  back,  as  shown  in  Fig.  5.  The  front 
cover  plate  has  four  holes  through  which  the  atmosphere 
exerts  its  pressure  against  the  outer  surface  of  the  regu- 
lator plate.  This  plate  is  made  of  heat-resisting  material 
and    is   mounted    on    hardened-steel    knife-edges;   it   is 


are  practically  frictionless,  a  difference  in  pressure  be- 
tween the  furnace  gases  and  the  atmosphere  of  less  than 
T^Tj-in.  water  gage  is  said  to  effectively  operate  this 
regulator. 


Fig.  4.  Regulator  Cover  ix  Place 

weighted  below  the  point  of  support.  An  adjustable 
weight  is  placed  above  the  point  of  support,  which  when 
adjusted  brings  the  center  of  gravity  of  the  plate  in  the 
axis  through  the  knife-edges.  The  plate  then  remains 
neutral  in  any  position,  and  gravity  will  not  have  any 
tendencv  to  turn  it. 


Fig. 


Details  of  Damper 


The  action  of  the  apparatus  is  as  follows:  Assuming 
that  a  steam  pressure  of  150  lb.  is  to  be  maintained,  the 
B.  D.  regulator  is  so  adjusted  that  the  escapement  is 
held  in  its  neutral  position  when  this  pressure  is  ex- 
erted on  the  Bourdon  tube.  An  increase  of  pressure 
beyond  150  lb.  causes  the  mechanism  to  operate,  moving 
the  lever  arm  connected  with  the  uptake  damper,  in  the 
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Fig.  6.    Charts  Obtained  with  and  without  Compensator 


A  small  pilot  valve,  operated  by  the  motion  of  the 
plate,  admits  water  under  pressure  to  an  operating  cvl- 
mder,  the  piston  of  which  moves  the  blast-gate  damper 
in  the  air  duct,  Fig.  1.  As  the  gas  pressure  exerted  on  the 
face  of  the  plate  does  not  have  to  overcome  any  action 
of  gravity  on  the  plate,  and  as  the  knife-edge  bearings 


direction  to  close  the  damper.  This  causes  an  increase 
of  pressure  of  the  gases  in  the  furnace,  which  actuates 
the  regulator  plate  of  the  gas-damper  controller,  moving 
i  L  outward  and  operating  the  pilot  valve  to  admit  water 
to  the  water  cylinder,  the  piston  movement  of  which 
causes  the  damper  in  the  air  duct  to  move  toward  its 
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iosed  position,  which  reduces  the  volume  of  air  supplied 
;o  the  ashpit. 

The  air  damper  continues  to  move  toward  its  closed 
Dosition,  until  the  supply  of  air  is  so  reduced  that  at- 
iiospheric  pressure  is  again  attained  in  the  furnace.  Thus 
1  constant  relation  between  the  amount  of  opening  of  the 
«ir  damper  and  that  of  the  uptake  flue  damper  is  main- 
tained. The  rate  of  combustion  is  controlled  by  the 
B.  D.  regulator,  and  the  draft  is  balanced  by  the  gas-pres- 
3ure  regulator. 

Due  to  the  action  of  the  compensator  on  the  B.  D. 
regulator,  a  very  slight  variation  of  steam  pressure  will 
;ause  a  proportionately  slight  movement  of  the  operat- 
ing lever,  and  so  long  as  the  steam  pressure  remains  con- 
stant at  any  point  within  the  range  of  the  regulator,  the 
sperating  lever  will  remain  stationary,  in  the  position 
corresponding  to  the  existing  pressure. 

In  Fig.  6  are  two  sets  of  curves  obtained  with  the 
B.  D.  regulator,  without  and  with  the  compensator. 
The  steam  pres.sure  is  shown  by  the  heavy  line  on  the 
scale  at  the  left.  The  position  of  the  damper  is  shown 
by  the  dotted  line,  on  the  scale  at  the  right.  Both  charts 
indicate  that  the  total  steam  variation  does  not  exceed 
3  lb. 

In  the  upper  chart,  the  spaces  inclosed  by  the  dotted 
line  above  the  steam  line,  reveal  a  condition  where  a 
rate  of  air  supply  exists  in  excess  of  that  required  for  the 
average  rate  of  combustion.  The  spaces  inclosed  by  the 
Jotted  line  below  the  steam-pressure  line  .show  a  condi- 
tion in  which  a  deficient  quantity  of  air  is  supplied.  The 
average  of  these  excesses  and  deficiencies  gives  the  aver- 
age rate  of  air  supply  which  maintains  the  steam  pres- 
sure uniform,  but  at  a  considerable  loss  in  furnace  effi- 
ciency. The  ideal  point  of  regulation  is  where  the  two 
lines  representing  the  steam  pressure  and  the  damper 
movement  coincide.  The  lower  curve  shows  that  this 
ideal  is  approached  very  closely  when  using  the  B.  D. 
regulator. 

The  "Balanced  Draft"  system,  as  described  above, 
treats  a  group  of  furnaces  as  one  big  furnace,  regulating 
tlie  total  output  from  the  group,  but  provides  no  auto- 
matic means  for  controlling  each  one  of  the  group  in 
reference  to  the  others.  Embury  McLean,  the  inventor, 
has  recently  perfected  a  system  of  automatic  control 
for  a  group  of  boiler  furnaces  whereby  the  output  from 
each  boiler  will  always  maintain  a  fixed  relation  to  the 
out])ut  of  the  group  of  boilers.  This  means  that  each 
boiler  will  be  compelled  by  automatic  means  to  do  its 
pro  rata  sbare  of  the  work.  For  very  large  plants,  the 
3ame  system  of  regulation  can  be  applied  in  a  different 
«ay  to  regulate  the  total  output  of  the  plant,  by  auto- 
matically cutting  in  or  cutting  out  boilers,  .so  that  all  of 
tlu;  boilers  tliat  are  "in"  are  operating  at  tbeir  maximum 
capacity,  which  means  maximum  cfTiciciuy,  and  the  boil- 
ers which  are  "out"  are  operat(>(l  at  combustion  rate  just 
sufficient  to  keep  the  boiler  ami  selling  hot  lo  prcvcnl 
condensation. 

This  new  method  of  regulation  the  inventor  considers 
H.S  fundamental  with  reference  to  the  regulation  of  each 
of  a  group  of  boilers,  as  his  "Balanced  Draft"  system  is 
in  regard  to  the  regulation  of  a  single  boiler,  or  a  group 
of  boilers  treated  as  a  unit. 

All  of  Mr.  McLean's  United  States  patents  covering 
furnace  regulation  are  owned  by  The  Engineer  Co.,  '>0 
r'bunh  St..  New  York  City. 


Draft  and  Boiler  Capacity  and 
Efficiency 

Tests  in  connection  with  the  Blonck  boiler-efficiency 
meter,  described  in  the  Dec.  24  issue,  bring  out  some  in- 
teresting points  in  the  relation  between  draft,  capacity 
and  efficiency. 

The  problem  in  practical  boiler  operation  is  to  secure 
capacity  and  efficiency  simultaneously.  It  is  well  known 
that  the  CO,  content  is  a  reasonably  good  index  to  com- 
bustion efficiency  but  absolutely  no  guide  to  the  capacity 
being  developed.  Hence,  when  CO,  alone  is  depended  up- 
on, it  is  often  found  that  when  high  CO,  has  been  at- 
tained, the  rate  of  steam  out])ut  has  fallen  off  and,  to  re- 
.store  the  proper  rate  quickly,  it  is  necessary  to  sacrifice 
economy. 

Most  economical  results  are  secured  with  a  white  fire 
and  evenly  covered  grate,  conditions  conducive  to  high 
CO,. 

It  is  difficult  for  even  a  well  experienced  fireman  to 
know  simply  by  observation  when  these  conditions  pre- 
vail to  a  maximum  extent.  And  even  if  good  combustion 
conditions  do  pre\ail,  it  is  especially  difficult  to  be  cer- 
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Fig.  1.   GR.iPHic.vL  Loo  of  Test  uxder  Full  Load  of 
,375-HP.  Stirlixg  Boiler  with  Ch.\in  Grate 

tain  tluit  llie  boiler  is  devclnping  its  |.)roper  portion  of 
the  load.  The  draft  distrilnition.  however,  is  n  kcv  to 
both  efficiency  and  capacity. 

With  the  boiler  operating  at  its  normal  rate  (that  is 
to  say,  with  a  fixed  total  effective  draft)  a  decrease  in 
the  normal  resistance  of  the  fire  produces  an  increase  in 
the  drop  in  draft  through  the  boiler  and  a  loss  in  effi- 
ciency due  to  excess  air.  An  increase  in  the  resistance 
of  the  fire  causes  a  decrease  in  the  drop  through  the 
boiler  and  a  reduce(]  rate  of  steaming;  if  llie  increase  is 
extreme  there  is  also  an  efficiency  loss  due  to  iiiconipletc 
comlnistion. 

These  points  are  remarkai)ly  well  illustrated  in  the 
nccomiianying  figures  when  due  consideration  is  given 
lo  the  dilfioilty  of  synchronizing  the  draft  readings  and 
(he  CO,  analyses  and  the  ])r(iliidiilit y  cif  error  in  the 
analyses  themselves. 

In  Fig.  1  the  total  draft  remained  practically  constant 
from  10:05  to  11:35  o'clock,  the  greatest  variation  be- 
ing but  0.05  in.  The  rurnacc  draft,  however,  changed 
from  0.2fi  to  (t.:iii  in.  and  the  draft  through  the  boiler 
from  0.7fi  to  0.71  in.,  producing  a  change  in  the  CO, 
content  from  S  to  11.5  p<'r  cent.  Between  II  and  II  :1() 
a.m.  an  apparent  inconsistency  exists  as  tlie  furnace  draft 
increases,   the   boiler   draft   decreases   and    the   CO     fulls 
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while  logically  it  should  rise.  From  11:10  to  11:20  a.m. 
the  total  and  boiler  draft  are  constant  and  the  furnace 
draft  and  COo  fall.  Between  11:20  and  11:25  a.m.  the 
furnace  draft  drops  markedlj',  the  boiler  draft  increases 
proportionately,  and  the  CO,  falls  from  8.5  to  4  per 
cent.,  showing  that  the  furnace  was  flooded  with  air. 
As  the  furnace  draft  rises  from  0.23  at  11:40  to  0.33 
per  cent,   at   11 :45  o'clock  the  C0„  increases  from  7.8 


not  changed  materially,  the  steam  output  was  cut  down 
as  is  clearly  shown  bv  the  high  furnace  and  low  boiler 
draft. 

Fig.  3  brings  out  the  effect  of  the  changes  in  total  draft 
en  the  rate  of  steaming.  The  instantaneous  flow-meter 
readings  are  erratic  because  the  boiler  was  discharging 
to  the  same  header  with  a  number  of  other  boilers  and 
the  feed  regulation  was  adjusted  largely  by  guess  work. 


Fig.  2.   Gkaphical  Log  of  Tkst  of  oOO-hp.  Boiler  with  Chaix  Grate,  Showing  Effect  of  Thickness 

OF  Fuel  Bed 


Fig.  3.  Graphkal  Log  of  Test  of  500-hp.  Boiler  with   Chain  Grate.  Showing  Effect  of  Variable  Load 


to  10.5.  At  the  same  time,  the  boiler  and  total  draft 
readings  increase,  indicating  that  output  has  increased 
simultaneously  with  the  improvement  in  combustion  effi- 
ciency. 

The  influence  of  the  thickness  of  the  fuel  bed  on  the 
draft  distribution,  steam  oittput  and  efficiency  is  brought 
out  in  Fig.  2.  The  effect  of  a  "short"  fire  is  also  shown. 
At  1 1 :05  and  again  at  1  and  2  o'clock  the  fire  was  2  or 
more  feet  short,  reducing  the  resistance  of  the  fuel  bed  to 
the  lowest  point,  increasing  the  draft  through  the  boiler, 
due  to  excess  air,  and,  hence,  markedly  reducing  the  COj 
content.  Between  11 :10  and  12  :05  o'clock  the  fuel  bed 
was  thickest  and  even  and.  because  the  total  draft  was 


Nevertheless,  it  may  be  seen  that  the  average  evaporation 
for  a  given  period  follows  quite  closely  the  variations  in 
draft." 

It  will  also  be  noticed  that  when  evaporating  21,000 
lb.  of  water  per  hour  between  10:05  and  10:20  a.m.  the 
furnace  draft  was  about  0.6  in.  and  the  boiler  draft  about 
10.7  in.,  whereas  at  the  end  of  the  test  when  an  effort 
was  made  to  bring  back  the  rate  to  21.000  lb.  per  hr.,  only 
the  18,000-lb.  rate  was  attained  because  the  fuel  bed 
had  become  badly  choked,  thus  increasing  the  furnace 
draft  to  over  0.7  in.  and  reducing  the  boiler  draft  to  less 
than  0.6  and,  hence,  reducing  the  rate  of  combustion  cor- 
respondingly. I 
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Primer  of  Electricity 

By  Cecil  P.  Poole 
Dtxamo  axd  Motor  Field  MaCxXets 
In  most  of  the  previous  sections  of  the  Primer,  it  lias 
been  assumed  that  the  field  magnet  of  a  dynamo  or 
motor  has  only  two  poles,  and  where  illustrations  were 
used  they  all  showed  the  simple  horseshoe  type  of  magnet 
represented  in  Fig.  132,  which  was  formerly  the  only 
tj^pe  built.  Except  very  small  machines  and  some  of  spe- 
cial design  to  suit  peculiar  conditions,  however,  all  mod- 
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133.   BipoLAii  Field  Maoxet  with 

HoiilZOXTAL    CoHES 
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ing  the  horizontal  cores  of  Fig.  133  and  dividing  the 
connecting  yoke  into  two  parts,  one  above  and  the  other 
below  the  armature,  produces  the  type  shown  in  Fig. 
134.  In  all  tliree  diagrams  the  center  of  the  path  of 
the  magnetic  flux,  or  lines  of  force,  is  indicated  l)v  the 
dotted   lines. 

It  will  be  noticed  that  in  all  cases  the  flux  divides  into 
two  paths  through  the  armature  core,  one-half  going  on 
each  side  of  the  shaft  hole.  In  Fig.  134  it  does  the 
same  thing  in  the  yoke,  and  as  each  branch  of  the  yoke 
carries  only  one-half  of  the  total  flux  the  cross-section 
is  one-half  as  large  in  this  form  as  in  the  simjder  forms 
.shown  in  Figs.  132  and  133. 


Fig.  132.  Bipolar  Field  Maoxet  witti 
Vertical  Cores 

ern  d}Tiamos  and  motors  are  made  with  more  than  two 
magnet  pole.s;  such  machines  are  called  "multipolar." 

If  the  reader  remembers  the  discussion  of  the  electro- 
magnet in  one  of  the  early  installments  of  this  series, 
he  will  doubtless  wonder  how  one  magnet  can  have  more 
than  two  poles.  In  cannot ;  but  two  or  more  magnets  can 
be  combined  in  one  structure,  with  the  result  that  there 


Fig. 


134.    Bipolar    JIagxet 
WITH  Divided  Yoke 
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Fig.  135.  Four-pole  De- 
velopmext  from  Fig.  134 


The  next  .step  is  from  the  bipolar  form  of  Fig.  134  to 
the  four-pole  form  of  Fig.  135.  This  is  made  by  simply 
adding  two  poles  and  cores  midway  between  the  first 
two  and  making  the  outer  frame  (yoke)  square  instead 
of  ohlong  to  provide  space  for  the  lengths  of  the  added 
cores.     It  will  be  noticed  that  the  four-pole  yoke  and 


are  four,  six,  eight  or  some  other  even  innni)cr 
and   that  is  what   is  done. 

Figs.  133  to  136  inclusive  illiislnite  the  development 
of  the  modern  four-jiole  magnet  frame  from  the  original 
"horseshoe"  type  of  Fig.  132.  The  only  di  (Terence  be- 
tween Fig.  132  and  Fig.  133  is  that  the  ])arts  of  the 
magnet  which  are  surrounded  by  the  coils  arc  vertical 
in  the  one  and  horizontal  in  the  other.  The  parts  sur- 
rounded by  coils  are  the  "cores"  of  the  magnet.     Rctain- 
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caili  magnet  core  arc  much  thinner  llian  those  of  the 
hipolar  macbini':  tins  is  also  true  of  the  armature  core. 
The  reduction  in  I  lie  tiiickness  of  the  magnet  cores  does 
not  result  in  a  corresponding  reduction  in  total  weight 
because  there  are  twice  as  many  tliin  cores.  But  the 
reduction  in  the  thickness  of  the  yoke  and  that  of  the 
armature  core  effects  a  reduction  in  weight  that  is  almost 
jiroportioiial,  and  this  is  one  of  the  principal  advantages 
of   multipolar  construction. 
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Relation  between  Number  of  Poles  and  Cross- 
section 

A  little  reasoning  will  make  it  clear  why  reductiou  of 
the  thickuess  of  the  cores  and  yoke  is  made  possible 
by  increasing  the  number  of  poles.  Suppose  that  the 
total  magnetic  flux  through  each  magnet  core  of  the 
two-pole  machine  in  Fig.  134  were  1,200,000  lines  of 
force  and  the  magnetic  density  were  80,000  lines  per 
square  inch  in  the  yoke,  the  magnet  cores  and  the  arma- 
ture core.  As  the  flux  splits  into  two  parts  in  the  yoke, 
600,000  lines  pass  each  way  from  pole  to  pole;  there- 
fore the  cross-section  of  the  yoke  must  be  7^^  sq.in.  In 
each  magnet  core  the  cross-section  must  be  15  sq.in.  and 
the  armature  core  must  have  71^  sq.iu.  of  cross-section 
to  carry  600,000  lines  (one-half  of  the  total  flux)  at 
the  density  assumed.  (It  is  not  customary  to  make  the 
magnetic  density  the  same  in  all  parts  of  the  circuit; 
that  is  done  here  for  simplicity.) 

Now  consider  the  four-pole  machine.  With  a  total  flux 
of  1,200,000  lines  there  will  be  600,000  lines  crossing 
each  pair  of  air  gaps  and  passing  through  each  pair  of 


Fig.  137.    Six-pole 

Equivalent  of 

Fig.  136 


Fig.    138.   Eigiit-pole 
Equivalent  of 
Fig.  136 


magnet  cores.  This  flux  of  600,000  lines  per  pole  divides 
into  two  fluxes  of  300,000  lines  each  in  the  yoke  and 
in  the  armature  core.  In  the  two-pole  machine  the 
flux  in  the  yoke  and  armature  paths  was  600,000;  here 
it  is  300,000;  therefore  the  yoke  cross-section  can  be 
made  3%  sq.in.  instead  of  71/^,  and  the  armature  sec- 
tion also  reduced  one-half.  The  magnet  cores  carry 
600,000  lines  each  instead  of  1,200,000  and  the  cross- 
section  therefore  may  be  made  71/2  sq.in.  each,  instead 
of  15.  It  will  be  found  that  Fig.  135  and  all  the  suc- 
ceeding diagrams  are  so  proportioned  as  to  make  the 
thicknesses  of  the  cores  and  yoke  correspond  to  the  fig- 
ures just  given. 

Four-pole  machines  are  not  usually  built  with  yokes 
of  square  outline  as  in  Fig.  135 ;  this  form  is  shown  here 
to  make  the  step  from  two-pole  to  four-pole  construction 
as  simple  as  possible.  In  general,  the  yoke  is  made  of 
circular  form,  as  in  Fig.  136. 

The  same  reasoning  as  to  the  relation  between  the 
number  of  poles  and  the  cross-section  of  each  magnetic 
path  in  a  machine  applies  to  djTiamos  and  motors  ha\ing 
more  than  four  poles.  For  the  same  output,  speed  and 
magnetic  densities,  the  cross-sections  of  a  six-pole  ma- 
chine are  one-third  those  of  a  bipolar  machine  (or  two- 
thirds  those  of  a  four-pole  machine)  and  the  cross-sec- 
tions of  an  eight-pole  magnet  and  armature  are  one- 
fourth  those  of  a  bipolar,  one-half  those  of  a  four-pole. 
or  three-fourths  those  of  a  six-pole  machine.     Figs.  137 


and  138  are  to  the  same  scale  as  the  preceding  diagrams 
and  with  them  furnish  an  accurate  comparison  of  the 
sizes  of  magnet  frames  and  armature  cores  with  different 
numbers   of   poles. 

In  all  cases  here  repre.sented,  the  differences  in  cross- 
section  have  been  put  into  the  thickness  of  each  part 
to  make  them  visible.  For  example,  the  thickness  of 
the  yoke  in  Fig.  135  is  made  one-half  that  in  Fig.  134 
to  indicate  a  cross-section  one-half  as  great.  In  actual 
machines  this  is  not  customary;  the  greater  the  number 
of  poles,  the  shorter  is  the  machine,  measured  along 
the  shaft,  and  there  are  not  as  great  differences  in  the 
radial  thickness  of  the  j'oke  and  armature  core  and  the 
transverse  thickness  of  the  magnet  cores  as  are  here 
shown. 

In  view  of  the  great  reduction  in  the  cross-sections 
and  therefore  the  weights  of  machines  due  to  increasing 
the  number  of  field-magnet  poles  it  would  seem  desirable 
to  make  all  dynamos  and  motors  with  a  large  number  of 
poles,  to  save  material.  There  are  other  things  to  Ije 
considered  besides  weight,  however,  and  most  of  these 
make  either  the  bipolar  or  the  four-pole  form  preferable 
to  a  large  number  of  poles.  Only  when  lightness  is 
the  most  important  consideration,  or  wlien  good  com- 
mutation or  convenience  in  handling  the  armature  wind- 
ing make  it  necessary,  are  more  than  four  poles  used. 
In  general,  large  machines  are  built  with  six  or  eight 
poles  because  of  one  or  both  of  the  points  last  mentioned. 

Distribution  of  Magnetizing  Forces 

The  magnetic  relations  between  the  different  cores  of 
a  multipolar  machine  are  a  little  hard  to  understand  at 
first.     Probably  the  easiest  way  of  considering  them  is 


Fig.  139.  Distribution  of 
Magnetizing  Forces 

to  say  that  each  magnet  coil  supplies  flux  through  the 
core  it  surrounds  and  the  corresponding  airgap,  the 
yoke  halfway  between  that  core  and  the  next  one  on  each 
side  of  it,  and  the  same  relative  part  of  the  armature 
core.  For  example,  in  a  four-pole  machine,  imagine  the 
frame  and  armature  cut  into  four  equal  parts,  as  in 
Fig.  139,  and  each  part  magnetized  by  the  coil  included 
with  that  part. 

Another  view  is  that  each  pair  of  poles  constitutes 
one  magnet  and  that  the  several  magnets  are  connected 
by  their  yokes  and  share  the  connecting  paths  equally. 
This  is  not  as  logical  a  view  as  the  first  one  because  the 
flux  in  any  one  core  actually  divides  between  the  two 
cores  on  each  side  of  it,  so  that  the  whole  system  of 
cores  is  "tied  together"  magnetically  as  well  as  mechani- 
cally. 
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Classification  of  Oil  Engines 

By  Oscar  P.  Ostergren 

The  present  development  of  the  oil  industry  is  due, 
first,  to  the  art  of  drilling  wells,  which  has  made  it  pos- 
sible to  reach  successfully  and  economically  depths  of 
from  4000  to  5000  ft.,  and  second,  to  a  better  knowledge 
of  geological  conditions  of  oil-bearing  strata. 

In  1908  the  U.  S.  Geological  Survey  reported  8150 
square  miles  of  oil  territory  in  the  United  States  alone, 
leaving  an  estimated  possible  future  iiroduction  of  from 


be  classified  as  inert  impurities.  Sulphur,  thougli  com- 
bustible, has  a  low  heat  value  and  is  otherwise  injurious. 
Taking  hydrogen  and  carbon  as  the  principal  constituents, 
it  is  found  that  those  oils  which  are  rich  in  the  former 
element  are  of  light  specific  gravity  as  compared  with 
those  rich  in  carbon. 

The  range  in  specific  gravity  of  California  crude  oil 
may  be  taken  as  from  0.84  to  1  or  from  10  to  36  deg.  Be. 
It  is  evident  that,  other  things  being  equal,  oils  rich  in 
hydrogen  will  contain  more  heat  units  per  pound  than 
those  rich  in  carbon,  pure  hydrogen  having  a  heat  value 


FIG.  6 

Typical  Vaporizing  and  Mi.xing  AiiKAxoKMicNTs 

10,000,000,000  to  24,500,000,000  bbl.  These  figures  refer 
only  to  the  practically  proven  oil  territory  in  the  United 
States  and  may  be  considered  conservative.  Outside  of 
this  it  is,  of  course,  impo.ssible  to  say  what  the  actual 
production  will  be. 

Crude  petroleum  consists  principally  of  various  com- 
binations of  hydrogen  and  carbon  witli  comparatively 
small  amounts  of  nitrogen,  oxygen  and  suliibur.  Xitrogeti 
and  oxygen  'and  any  incombustible  residue  of  a.sh  may 


FIG.  3  FIG.4 

of  62,000  B.t.u.  per  lb.  as  compared  with  14.650  B.t.u. 
per  lb.  of  carbon. 

The  extended  use  of  the  gasoline  engine  has  indirect- 
ly given  a  great  impetus  to  the  oil  industry  and  in- 
cidentally to  the  manufacture  of  heavy  oil  engines.  The 
prol)lem  of  utilizing  heavy  hydrocarbons,  such  as  kero- 
sene and  fuel  oil  or  even  crude  oil,  so  as  to  produce  an 
explosive  mixture  has  been  such  a  difficult  task  that  for 
many  years  no  efl^ectivc  engine  of  this  class  was  placed 
on  the  market. 

Through  numerous  ex])erimcnts  it  was  seen  that  to  get 
a  i)roper  mixture  the  oil  must  first  be  vaporized  by  the 
aid  of  high  temperatures.  Indeed,  the  problem  resolved 
into  a  gradiial  and  simultaneous  heating  of  both  fuel  and 
air,  gradually  adding  more  air  to  the  mixture  up  to  the 
time  of  explosion.  U])on  the  ability  to  carry  out  this  pro- 
cess or  approximate  it  in  an  engine,  hinged  the  success  of 
the  latter,  and  many  have  been  the  failures  of  otherwise 
meritorious  inventions  because  the  requirements  for  the 
foregoing  process  had  not  been  observed.  Thus,  the  vapor- 
izer nnist  not  be  too  hot,  as  that  would  cause  decomposi- 
tion of  the  fuel  and  deposits  of  carbon  ;  nor  must  the  mix- 
ture be  allowed  to  cool  down,  as  that  would  cause  pre- 
cipitation of  oil  in  the  passages,  valves  and  cylinder,  like- 
wise causing  dejmsits  of  carbon. 

The  problem   of  suiting  the  mixture  to  the  load  was 
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also  important.  Typical  arrangements  that  have  been 
tried  for  vaporizing  and  mixing  are  shown  in  Figs.  1  to  6. 
In  Fig.  1  the  liquid  fuel  is  mixed  with  and  broken  up  by 
an  air  jet  under  10  to  25  lb.  pressure,  entering  the  vapor- 
izing chamber  in  a  finely  divided  spray.  The  bulk  of  air 
mixes  during  the  suction  stroke  with  the  preheated  air  and 
vaporized  fuel  as  it  is  dra\\'u  through  the  vaporizer  and 
enters  the  cylinder  where  it  is  compressed  and  ignited  the 
same  as  in  a  gas  or  gasoline  engine. 

It  will  be  noticed  that  this  vaporizer  must  be  heated  at 
first  with  a  torch,  or  the  engine  must  be  started  with 
some  lighter  oil,  such  as  gasoline.  After  starting,  the 
heat  of  the  exhaust  gases  will  be  sufficient  to  keep  the 
vaporizer  hot. 

Figs.  2  and  3  represent  vaporizers  commonly  used  in 
connection  with  ordinary  gas  or  gasoline  engines  for  the 
iitilization  of  heavy  oils.  Fuel  vapors  are  produced  by 
precipitating  the  liquid  fuel  on  a  .series  of  baffles  inside 
the  vaporizer.  In  Fig.  2  the  vapors  are  absorbed  by  the 
entire  air  current  which  traverses  the  vaporizer  during 
the  suction  stroke,  while  in  Fig.  3  only  a  part  of  the  air 
is  allowed  to  pass  through  the  vaporizer,  the  bulk  of  the 
air  being  admitted  to  tlie  cylinder  by  an  independent 
valve. 

The  principle  represented  in  Figs.  -1  and  5  is  extremely 
simple.  In  Fig.  4  the  fuel  is  injected  into  the  vaporizing 
chamber,  which  for  starting  has  been  heated  to  incan- 
descence by  a  torch ;  after  the  engine  has  been  started  the 
vaporizer  is  maintained  incandescent  by  the  heat  of  com- 
bustion and  compression.  During  compression  air  enters 
at  high  .speed  through  the  contracted  opening  and  mixes 
with  the  vapors  therein  contained  until  at  the  end  of  the 
stroke  the  mixture  attains  the  proper  proportion  and  tem- 
perature for  explosion.  The  sides  of  the  chamber  must 
be  hot  enough  to  ignite  the  charge,  but  not  hot  enough  to 
decompose  the  fuel. 

In  Fig.  5  the  method  of  introducing  the  fuel  is  some- 
what modified.  The  oil  is  forced  in  by  means  of  a  gov- 
ernor-controlled force  pump  through  a  very  small  orifice. 
In  the  form  of  a  fine  spray  it  impinges  on  a  baffle  or  ex- 
tension of  the  bulb  and  a  part  of  the  fuel  is  deflected  into 
the  latter  or  a  suitable  pocket.  By  this  arrangement  it 
is  quite  feasible  to  vary  the  amount  of  the  fuel  charge 
within  a  considerable  range. 

In  Fig.  6  the  fuel  is  injected  right  into  the  cylinder  by 
means  of  a  high-pressure  air  jet.  This  jet  is  so  directed 
that  a  considerable  part  of  the  fuel  vapor  will  enter  a  hot 
chamber  or  sometimes  impinges  on  a  hot  plate.  In  this 
case  the  fuel  admission  is  timed  and  begins  a  few  degrees 
before  the  piston  is  at  the  end  of  the  compression  stroke. 
By  this  arrangement  the  danger  of  premature  ignition  is 
entirely  removed.  Xot  only  is  it  possible  to  carry  the 
compression  much  higher  than  in  the  former,  cases,  but 
inasmuch  as  the  fuel  is  gradually  consumed  as  it  enters 
the  highly  compressed  air  the  thermal  cycle  is  greatly  im- 
proved for  all  conditions  of  load.  This  type  of  engine 
might  be  considered  as  a  link  between  the  types  formerly 
described  and  the  Diesel. 

"With  the  exception  of  the  last  type  those  mentioned  are 
not  as  efficient  thermally  as  a  gas  engine.  The  difficulties 
which  prevent  any  extended  improvement  are  to  be  found 
in  their  method  of  vaporization.  In  each  ca.se.  it  will  be 
seen  the  air  has  to  be  preheated  to  a  certain  extent.  This 
is  poor  practice:  first,  because  preheating  decreases  the 
charge  in  weight  and  also  the  capacity  of  the  engine. 


second,  the  range  of  compression  is  limited  on  account 
of  the  danger  of  premature  ignition  due  to  additional 
compression  temperature.  The  necessity  of  heating  the 
vaporizer  before  starting  or  having  to  start  the  engine  on 
gasoline  is  also  a  drawback. 

Case  6  is  superior  to  the  others  in  all  respects,  except, 
that  it  is  more  complicated  and  employs  preheating.  The 
range  and  nicety  of  governing  is  also  greatly  limited  in 
cases  1  to  0  by  the  fact  that  at  light  loads  the  mixture 
when  weakened  to  a  certain  extent  abruptly  ceases  to  ex- 
plode, no  matter  to  what  temperature  it  is  subjected.  The 
average  fuel  consumption  in  cases  1  to  5  is  about  1  lb.  per 
b.hp.-hr.,  corresponding  to  about  15  per  cent,  thermal  effi- 
ciency. Attempts  have  been  made  to  attain  high  com- 
pression pressures  by  lowering  the  temperature  thereof  by 
the  injection  of  water  during  the  compression  period.  In 
this  way  it  has  been  proved  that  the  compression  can  be 
carried  considerably  higher,  and  in  some  engines  this. 
principle  is  employed  where  hot  bulb  vaporizers  are  used. 

The  Diesel  Group 

While  the  principle  of  the  Diesel  engine  is  quite  simple 
and  has  from  time  to  time  been  discussed  in  these  col- 
umns, it  will  only  be  necessary  for  the  present  purpose  to 
give  a  brief  outline  of  the  scheme  which  is  at  the  base 
of  the  world-wide  activity  now  manifest  since  the  ex- 
piration of  the  original  Diesel  patents. 

This  engine  has  the  following  characteristics  of  opera- 
tion :  During  the  compression  stroke  the  cylinder  con- 
tains only  air,  which  is  compressed  to  at  least  450  lb., 
the  resulting  temperature  reaching  a  jJoint  sufficiently 
high  to  ignite  the  liquid  fuel  injected  (at  least  1000  deg. 
F. ) .  At  the  end  of  the  compression  stroke  fuel  is  gradual- 
ly injected  by  means  of  an  air  blast  at  a  pressure  about. 
'^50  lb.  above  that  in  the  cylinder.  This  high-pressure  air- 
blast  completely  atomizes  the  fuel  during  the  injection 
periods  and  carries  its  minute  particles  directly  into  the 
air  in  the  cylinder,  compressed  and  heated  as  mentioned, 
wherein  they  are  immediately  vajjorized  and  ignited. 

The  progress  of  the  fuel  injection  is  so  adjusted  that 
combustion  takes  place  without  any  material  explosion  or 
rise  in  pressure  and  is  continued  for  about  10  per  cent, 
of  the  expansion  stroke,  causing  the  development  of  heat,^ 
to  take  place  at  approximately  constant  pressure  for  the 
admission  period.  Since  the  proper  condition  for  ignition! 
and  combustion  exists  throughout  the  air  body,  the  oil 
particles  burn  immediately  after  penetrating  the  first 
products  of  combustion  and  reach  the  fresh  oxygen  of 
which  there  is  a  large  surplus,  even  for  the  maximum 
charge  of  fuel ;  there  is  no  possibility  of  the  fuel  reaching 
the  enveloping  surfaces  without  being  consumed.  For  this 
reason  there  is  no  opportunity  for  carbon  deposits  to  form 
on  the  cylinder  walls,  and  the  combustion  is  so  complete 
that  the  exhaust  products  are  smokeless  and  without  odor. 

The  average  fuel  consumption  for  the  Diesel  engine 
less  than  I/2  lb.  per  b.hp.-hr.,  corresponding  to  a  thermal 
efficiency  of  about  30  per  cent,  or  more.    To  this  high  fuel 
economy  the   Diesel  engine  largely  owes  its  success  ir 
Europe,  but  there  are  also  other  contributing  reasons. 

As  the  compression  of  the  air  free  from  fuel  can  be 
carried  to  a  pressure  corresponding  to  an  incandescent 
temperature,  most  any  liquid  fuel  can  be  iitilized  without 
other  accessories  than  the  auxiliary  air  compressor,  which 
furnishes  the  injection  air,  the  injection  and  spraying  ap- 
paratus, and  the  fuel  pump.     This,  of  course,  does  not 
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include  the  circulating  pump  for  the  jacket  water,  which 
is  also  necessary  in  the  other  types. 

The  Diesel  engine  is  well  adapted  to  work  on  the  two- 
stroke  cycle  as  the  scavenging  process  is  accomplished  with 
air  alone,  a  surplus  of  which  may  be  used  to  insure  a  clean 
cylinder.  Xo  waste  of  fuel  can  take  place  in  this  con- 
nection and  no  backfiring. 

Fig.  7  repre.sents  the  position  when  a  measured  quantity 
of  fuel,  according  to  the  load,  is  being  deposited  in  space 
S  of  the  injection-valve  cage  C  by  the  oil  pump  0,  the 
njection  valve  -Y  being  closed.     Space  ^'  is  continuously 

communication  with  the  air  storage  tank  T  into  which 
the  two-stage  air  compressor  A  delivers  the  air  required 
for  fuel  injection  at  a  pressure  of  frorti  750  to  1000  lb. 
The  oil  must,  therefore,  be  delivered  into  space  S  against 
this  high  pressure,  which  in  view  of  the  small  quantity  to 
be  delivered,  requires  extremely  accurate  work  and  ad- 
justment on  the  oil  pumps.  Since  the  fuel  and  injection 
air  come  in  contact  while  the  injection  valve  -\'  is  still 


amounts  of  fuel  to  be  injected  Diesel-engine  manufac- 
turers recommend  a  pressure  increase  of  about  250  lb. 
from  light  to  maximum  load.  Since  the  compression  in 
the  engine  cylinder  is  constant  at  all  loads,  this  is  un- 
doubtedly due  to  the  fact  that  there  must  be  sufficient 
pressure  to  accelerate  the  largest  charge  of  oil,  so  that  it 
is  properly  atomized,  on  the  one  hand,  and  not  enough  to 
extinguish  the  ignition  from  the  cooling  effect  when  small 
charges  are  injected,  on  the  other. 

Summarizing,  the  essential  features  of  the  Diesel  en- 
gine are :  The  air  is  compressed  while  immixed  with  fuel, 
which  permits  high  compression  and  economy  of  fuel. 
Ignition  takes  place  at  the  proper  time  without  fail  and 
without  special  devices.  It  can  operate  economically  with- 
in a  wide  range  of  loads  and  is  well  adapted  for  the  two- 
stroke  cycle.  It  can  operate  with  a  great  variety  of  hydro- 
carbons. 

In  accordance  with  the  purpose  of  this  article  the 
present  limitations  of  the  engine  should  also  be  set  forth. 


Fig.  7.   Po.siTiox  Whkn  Yvel  is  Bf.ixo  ly.TECTF.n  into      Fir,,  s.   Position  When  Fitel  is  Being  Injecteii  into 
Valve  Ciiambek  Cylindiou 


•losed,  it  is  obvious  tliat  the  valve  cage  C,  as  well  as  the 
njection  air,  must  be  well  cooled  to  prevent  dangerous 
)remature  ignitions  or  the  formation  of  deposits  due  to 
)artial  evaporation  of  the  deposited  fuel. 

Fig.  8  represents  the  actual  injection  period  whicli 
'tarts  as  soon  as  valve  N  opens;  the  latter,  tliercfore,  con- 
rols  simultaneously  the  admission  of  fuel  and  injection 
if  air  into  the  cylinder.  At  all  loads  the  time  of  opening 
md  closing  of  the  injection  valve  N  remains  unchanged, 
hat  is,  the  period  the  injection  valve  is  open  is  constant. 
iVithin  this  period  a  variable  quantity  of  fuel,  according 
0  the  load,  is  injected. 

To  accomplish  this  most  satisfactorily  it  has  been  found 
lecessary  to  increase  the  pressure  of  the  injection  air  with 
ncreasing  loads  on  the  engine,  that  is,  with  increasing 


It  requires  a  high  degree  of  workmanship  in  manu- 
facture and  the  first  cost  is  high  in  comiJarison  with  other 
prime  movers.  It  is  heavier  per  hor.sepower  than  most 
types  of  internal-combu.stion  engines  and  on  this  account 
is  unsuited  for  special  purposes  such  as  for  vehicles.  The 
features  of  variable  pressure  for  the  injection  air  adds 
(■omi)]ications  to  the  engine  or  watchfulness  on  the  part 
of  the  <)])erator.  It  requires  the  storage  of  air  at  high 
]>rcssure  for  starting  (about  1000  lb.)  and,  as  a  whole,  is 
very  complicated.  The  ])owcr  of  one  cylinder  is  strictly 
limited.  All  these  objectionable  feattires  are  strictly  true, 
notwithstanding  claims  to  tlie  contrary  by  manufacturers 
and  enthusiasts.  But  experimental  work  is  being  carried 
on  continually  and  it  is  the  writer's  opinion  that  each 
of  these  limitations  will  be  and  are  being  eliminated. 
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Weighing  Ammonia  to  Determine 
Refrigerating  Capacity 

By  Fhed  Ophuls 

When  testing  boilers  it  is  customary  to  ^yeigh  or  meas- 
ure both  the  water  and  the  fuel  fed  to  them  during  the 
test.  The  weight  of  water  divided  by  the  weight  of  the 
fuel  used  for  a  certain  time  gives  the  actual  weight  of 
water  evaporated  per  pound  of  fuel  tired,  proper  correc- 
tions being  made  for  moisture  in  the  steam,  etc.  It  is 
not  customary  in  this  case  to  condense  the  steam  pro- 
duced by  the  boilers  after  it  has  passed  through  engines, 
pumps,  heaters,  and  the  machinery  and  apparatus  and 
then  weigh  the  condensate,  also  determine  the  heat  carried 
away  through  the  stack  from  the  composition,  weight  and 
temperature  of  flue  gases,  add  to  this  the  heat  supplied  to 
the  water  to  turn  it  into  steam  and  allow  for  radiation  and 
other  heat  losses,  and  by  dividing  the  total  quantity  of 
heat  so  obtained  by  the  heat  value  of  the  fuel  per  pound, 
determine  the  weight  of  fuel  used. 

For  testing  the  performance  of  refrigerating  machinery 
the  method  is  somewhat  comparable  to  the  latter  method  of 
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Fig.  1.  PinxG  Coxxectioxs  foe  Weighixg  System 

finding  boiler  economy.  It  is  based  on  measuring  or 
weighing  the  amount  of  brine  cooled  and  the  range 
through  which  it  is  cooled.  Any  errors  in  observing  the 
temperatures  and  quantities  and  the  losses  unaccounted 
for  will  effect  the  accuracy  of  the  result. 

Take,  for  example,  a  case  where  120  gal.  of  brine  is 
circulated  per  minute  and  the  temperature  range  of  the 
brine  is  6  deg.  F.,  which  is  equivalent  to  25  tons  of  re- 
frigerating effect.     An  error  of  one-tenth  of  a  degree  in 


each  of  the  brine  readings  may  cause  the  range  to  be 
either  two-tenths  of  one  degree  too  high  or  too  low.  The 
error  in  that  case  would  be  2  in  60,  or  about  3%  per  cent. 
Increasing  the  number  of  gallons  of  brine  circulated  to 
240,  the  brine  range  for  the  same  tonnage  would  be  only 
3  deg.  F.  and  for  the  same  error  of  reading  the  result 
would  be  either  1  per  cent,  too  high  or  too  low.  Further 
errors  are  introduced  into  the  calculations  by  discrepancies 
in  the  brine  reading  itself  and  fluctuations  in  operating 
conditions  during  the  intervals  between  readings. 

Many  attempts  have  been  made  to  weigh  the  liquid 
anhydrous  ammonia,  and  in  this  way  get  an  accurate 
knowledge  of  the  exact  amount  of  the  actual  refrigerat- 
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Fig.  2.  Detail  Sketch  of  Weighixg  Tank 

ing  medium  circulated  in  a  given  time.  The  weight  of 
ammonia  circulated  can  be  obtained  with  great  accuracy 
if  due  care  is  taken  in  the  installation  and  handling  of 
the  weighing  apparatus. 

Liquid  anhydrous  ammonia  cannot  be  so  easily  handled 
as  water  or  other  liquids.  It  must  be  maintained  under 
a  high  pressure  when  it  is  being  weighed  and  before  it 
enters  the  refrigerator,  which  makes  the  problem  some- 
what difficult.  It  is  necessary  that  the  tanks  in  which  the 
liquid  is  stored  and  those  in  which  it  is  weighed  be  joined 
by  supply  and  discharge  piping  and  by  pressure  equaliz- 
ing lines  to  permit  the  flow  of  the  liquid  from  one  to  the 
other. 

It  has  been  claimed  that  the  equalizing  lines  especially 
are  a  source  of  error.  It  will  be  shown  here  that  this  er- 
ror is  small,  if  it  exists  at  all,  and  that  it  can  be  minimized 
by  a  proper  manipulation  of  the  weighing  outfit. 

In  Fig.  1  is  shown  a  proposed  arrangement  of  the  am- 
monia receivers  and  the  weighing  tanks.  For  facilitating 
the  flow  of  liquid  from  one  tank  to  the  other,  the  weigh- 
ing tanks  are  placed  lower  than  the  main  receiver  and 
the  intermediate  receiver  below  the  former.  It  may  be 
noticed  that  the  equalizing  line  is  provided  with  the  nec- 
essary valves  so  that  each  tank  can  be  shut  off  from  the 
line  completely,  or  either  one,  two,  three,  or  all  four 
tanks  equalized  at  one  time. 

Fig.  2  shows  in  detail  the  proposed  arrangement  of 
the  piping,  valves  and  instruments  aroimd  the  weighing 
tanks.  It  may  be  seen  that  the  liquid  ammonia  enters 
the  weighing  tanks  through  pipe  1  at  the  right-hand  end. 
This  pipe  connection  is  supplied  with  a  shut-off  valve  a 
and  a  mercury  well  b  with  thermometer.  The  liquid  leaves 
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the  tanks  througli  pipe  2,  wliich  is  provided  with  a  valve  To  avoid  a  pressure  drop  in  tank  C  while  it  is  emptying, 

c  and  a  mercury  well  d  with  thermometer.     The  equaliz-  it  is  again  equalized  with  tank  B  while  the  latter  is  being 

ing  pipe  4  has  valves  /  and  p  and  a  mercury  well  with  refilled. 

thermometer   at   g.      A   high-pressure   ammonia  gage   /(  It  may  be  noticed   that  the  liquid  inlets  are  at  the 

serves  to  show  any  undue  fluctuations  in  pressure  in  the  bottom  of  the  weighing  tanks.     This  precaution  is  taken 

tank  and  the  gage-glass  1-,  to  show  the  height  of  the  liquid  so  that  no  exchange  of  vapor  can  occur  between  them, 

in  the  tank,  this  being  read  off  in  inches  on  scale  I.  the  receiver  .4  and  the  ammonia  condensers.     The  equal- 

The  intermediate  receiver  is  also  provided  with  a  gage-  iziug  connections  from  the  tanks  B,  B'  and  C  to  tank  A 

glass,  pressure  gage  and  a  mercury  well  with  thermometer  and  the  condensers  are  only  used  at  the  start  of  the  tes'. 

in  the  pipe  leading  to  the  expansion  valves.  and  whenever  it  is  desired  to  change  the  pressure  in  these 

When  the  plant  is  adjusted  and  conditions  are  as  de-  lower  tanks, 
sired  for  the  test,  close  the  valves  c  and  c',  Fig.  1,  and  al-  By  filling  tank  B  at  the  same  rate  as  tank  C  is  empty- 
low  the  weighing  tanks  to  fill,  keeping  the  equalizing  ing,  the  same  pressure  is  maintained  on  the  liquid  while 
valves  all  open.  When  the  weighing  tanks  are  filled  to  feeding  into  the  refrigerator,  which  is  desirable  for  good 
the  desired  height,  close  off  tank  B  entirely  by  shutting  test  results.  As  soon  as  tank  C  is  empty  it  is  completely 
the  valves  a.  f,  p  and  c.  Open  the  valve  c'  on  tank  B'  so  shut  off  from  tank  B,  and  the  liquid  in  tank  B'  is  drained 
that  the  ammonia  it  contains  can  run  into  the  lower  tank  into  V  and  the  same  manipulation  gone  through  with  as 
C  and  feed  the  system  while  tank  B  is  being  weighed.  The  before  described  for  tank  B. 

valve  c'  on  tank  B'  is  so  manipulated  that  the  liquid  level  With  the  tanks  arranged  as  shown  in  Figs.  1  and  2, 

in  tank  C  is  maintained  at  a  fixed  point  marked  on  its  and  allowances  made  for  the  change  in  the  amount  of 

gage-glass.  vapor  in  the  weighing  tanks  when  full  and  when  empty 

When  tank  B  has  been  weighed,  pressure  gage  h  read  the  weights  obtained  should  be  correct.     The  tempera- 

and  the  temperatures  at  h  and  d  and  of  the  air  surround-  tures  of  the  liquid  while  entering  and  leaving  tanks  B, 

ing  the  tank  have  been  taken,  shut  valve  c'  on  tank  B'  B'  and  C  should  be  carefully  observed  so  that  any  cor- 

exactly  on  the  time  of  taking  the  first  reading.    Close  the  rection  necessary  on  account  of  the  heat  leakage  may  be 

equalizing  valves  r  and  s,  so  that  tank  B'  equalizes  into  made.    The  heating  surfaces  are  small  as  well  as  the  tem- 

the  line  to  tank  .4  only.    In  case  any  undue  pressure  has  perature  differences  between  the  room  and  the  liquid  in 

accumulated  in  tank  B,  let  it  equalize  to  tank  .4  by  open-  the  tanks. 

ing  valve  p  for  a  moment  and  weigh   it  again.     Then  A  more  difficult  point  to  take  care  of  is  the  quantity  of 

equalize  tank  B  over  to  tank  C  and  by  opening  valves  liquid  in  the  expansion  side  of  the  plant.  This  should  be  the 

/  and  0  allow  all  the  liquid  you  wish  to  take  from  tank  ^ame  at  the  end  of  the  test  as  it  was  at  the  beginning,  so 

.\MMONI.\  CIRCULATED  PER  MI.NTTE  AS  DETER.MINED  FROM  BRINE  WEIGHT  AND  TEMPER.\TURE  RANGE  AND  BY  WEIGHING 

Test  number                                              1                    2                    3                    4  5                    0                    7                    S                   9                   10                  11 

1  B.t-u.    removed    from   brine   per 

min 10,044           10,466           10,410            8028  12,192           14,410           10,298           10,2.52           10.640               7710           12  782 

2  Abs.  sue.  press,  lb.  per  sq.in 35.23           3.5.35           35.73           35.46  35  51           34  51           35.43           .35  14           35  00           35  41            35  21 

3  Temp,  of  saturated  vapor,  deg.  F.         6.68             6.82             7.28             6.96  7.01              5.66             6.93             6.58             6.40             6  90             6  65 

4  Suction  temp,  at  cooler 21.11            19  55            15.62            19.40  11.58           14.69             9  33             9.36            10.37             9  29             9  90 

5  Vapor  superheat 14.43            12  73             8.34            12.44  4.57             9.03             2.40             2.78             3  97             2  39             3  25 

6  Liquid  temp 76.47           65.80           71.05           58.91  70.55           70.40           74.85           74.16           7198           77  91            76  61 

7  Liquid  superheat 69.79           58.98           63.77           51.95  63.54           64.74           67.92           67.58           65.58           7101            69  96 

8  Heat  of  liquid 76.77           64.88           70.15           57.15  69.89           71.21            74.71            74,34           72,14           78.11            70. 9G 

9  Latent   heat   at   cooler  pressure, 

B.t.u .564.88          564.77          564.42          564.68  564.63          565.55          564.70          564.96          .565.09          564   72          .564   90 

10  Available  latent  heat,  B.t.u..       .      488   11          499.89          494.27          .507.53  494.74          494.34          489.99          490.62          492  95          486.61          487  94 

11  Heat  of  vapor,  B.t.u 7  33             6.47             4  24             0  32  2.32             4.59              1.22              1.41              2  02              121              165 

12  Available  B.t.u.  per  lb 495.44          .500.36         498.51         513.85  497.06         498.93         491.21         492.03         494.97         487  82         489  59 

13  Lb.   of   ammonia   circulated   per 

rain,  from  brine 20  2(1           20  62           20.86            15.62  24.50           28.88           20.94           20.81            21.52           15.81            26  10 

14  Lb.    of   ammonia   circulated   per 

min.  by  weighing 19  01            20  1)0           20.20            15.78  24.80           29.87           20  76           20.43           21.04            15.6             20.00 

15  .\uimonia  byjweiKhing  -r- ammonia 

from  brine,  per  cent 93,7              97  0              90,8            100.8  101.1             103.3              98, S              98,2              97.8              98.6              99  6 

B  to  drain  as  quickly  as  possible  into  tank  ('.     Shut  off  that  the  amount  of  aiiimoiiia  weighed  corresponds  with  the 

tank  B  from  the  system  and  weigh.     The  difference  in  amount    of    ammonia    actually    evaporated.      While    the 

weight  will  give  the  pounds  of  ammonia  discharged  into  amount  of  ammonia  in  lank  ('  can  easily  be  brought  to 

tank  C,  after  making  an  allowance  for  greater  quantity  the  proper  level  at  the  end  of  the  test  by  judicious  feed- 

of  vapor  in  tank  B,  when  empty  than  when  full.     The  ing  from  the  weighing  tanks  and   observing  the  liquid 

volume  and  weight  of  this  vapor  can  be  determined  l>y  level,  there  is  no  jiracfical  arrangement  that  can  be  made 

calibrating  the  weighing  tanks  witii  ice-macliine  oil  be-  in  a  refrigerating  plant  of  any  size  liy  which  the  quan- 

fore  connecting  them  into  the  system  and  by  noting  the  tity  of  liquid  ammonia  can  be  observed  in  the  low-pres- 

tem])erature  and  pressure  in  the  tank  when  testing.  Each  sure  side  cither  by  weight  or  by  sight  glass,  except  in  the 

weighing  tank  shoiihl  have  a  mercury  well   /  with  ther-  case  of  a  shell  type  or  a  straigiit-tulie  brine  cooler.     No 

mometer  for  this  purjiosc.  gage  glas.ses  can  be  attached  to  doublc-]iipe  brine  coolers 

The  pipe  connection  2  from  tanks  B  and  B'  to  tank  ('  or  direct-exi)ansi()n  pijiiiig  in  the  cold-storage  rooms  or 

should  be  made  of  ample  size  ,so  tliat  the  liquid  in  the  cellars  which  will  show  (he  amount  of  liquid  in  the  coils 

weighing  tanks  can  flow  raj)idly  into  tank  (' ;  in  this  way  at  any  time  during  the  test.     It  is.  however,  safe  to  say 

there  is  a  perfect  balance  between  the  vapors  aliovc  the  that  when  in  a  brine  system  the  back-pres.sure  temperature 

liquid  level  in  each  tank.  of  the  va])or  at  the  compressor,  the  revolutions  of  the 

Tank  B'  having  been  filled,  closed  off  from  the  .sy.stem  compressor,  the  initial  and  final  brine  temperatures  and 

and  weighed  while  the  liquid  was  flowing  from  tank  H  the  quantity  of  brine  being  pumped  thrfuigh  the  system 

into  tank  C    it  is  ready,  when  tank  C  has  been  emptied  are  all   about  the  same  at   tlie  end  as  al  the  beginning 

to  the  desired  ])oint,  to  supply  the  latter  with  fresh  liquid,  of  the  test,  the  quantity  of  li(|iiid  ammonia   i(  contains 
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is  tlic  same  in  either  case.  When  a  direct-expansion  plant 
of  a  cold-storage  house  or  ice-making  system  is  being 
tested  similar  precautious  must  be  taken. 

That  the  above  apparatus  or  one  similarly  arranged  will 
give  exact  results  is  demonstrated  by  the  figures  in  the 
accompanying  table.  The  figures  of  capacity  given  in 
line  1  for  the  eleven  tests  made  were  carefully  determined 
and  are  as  accurate  as  can  be  obtained  when  all  instru- 
ments used  are  calibrated  before  and  after  the  tests.  It 
is  the  writer's  opinion  that  the  more  accurate  the  tables 
of  the  properties  of  anhydrous  ammonia  become,  the  more 
closely  will  the  weight  of  ammonia  as  found  by  actual 
weighing  agree  with  the  weight  obtained  by  calculations 
from  the  heat  removed  in  the  refrigerator.  The  calcula- 
tions given  here  are  based  on  the  figures  in  the  table  of 
the  properties  of  anhydrous  ammonia  published  by  H.  J. 
Macintire  in  the  Cold  Storage  and  Ice.  Trade  Journal. 
August,  1912.  This  table  while  lacking  confirmation  as 
a  whole,  w-as  carefully  checked  by  the  writer  for  ranges 
of  pressure  commonly  used  in  connection  with  refrigerat- 
ing plants  and  was  found  to  be  more  accurate  than  tlic 
old  oi>e  compiled  by  Wood  &  Davidson. 

The  .second  line  in  the  table  gives  the  absolute  am- 
monia suction  pressure  in  pounds  per  square  inch  and  in 
the  third  line  the  corresponding  temperatures  of  the  satu- 
rated vapor  in  degrees  Fahrenheit.  The  suction  tem- 
perature at  the  cooler  in  line  4  shows  the  quality  of  the 
vapor  leaving  it,  and  it  may  be  noticed  that  in  all  cases 
the  suction  vapor  was  slightly  superheated.  It  is  neces- 
sary when  testing  the  capacity  of  a  refrigerating  plant 
by  weighing  the  liquid  ammonia  fed  into  the  refrigerator 
to  so  operate  the  latter  that  the  ammonia  vapor  leaving 
it  will  be  slightly  superheated.  This  precaution  must  be 
observed  to  prevent  liquid  ammonia  from  leaving  tlie  re- 
frigerator with  the  vapor  flowing  to  the  compressor.  When 
the  thermometer  in  the  suction  pipe  to  the  compressor  in- 
dicates that  the  vapor  is  at  the  lcin|ienilure  of  satura- 
tion, the  amount  of  liquid,  if  any.  that  it  may  contain 
cannot  be  determined  from  the  temperature  as  the  latter 
stays  at  the  .saturation  point  for  any  quantity  of  li(|uiil 
present  in  the  vapor.  In  the  event  that  liquid  is  con- 
tained in  the  vapor  a  capacity  calculation  based  on  the 
pounds  of  ammonia  fed  into  the  refrigerator  would  be 
too  high  by  the  per  cent,  of  liquid  present  to  the  total 
amount  weighed. 

A  correction  for  wet  vapor  Iciniiig  the  i-efrigerator  can 
be  made,  but  this  article  will  deal  only  with  the  simple 
case  where  the  vapor  leaving  the  refrigerator  is  slightly 
superheated,  which,  by  the  way,  is  the  most  economical 
point  at  which  a  refrigerating  system  can  be  operated. 

The  vapor  superheat  and  heat  of  vapor  are  found  in 
lines  5  and  11,  while  in  lines  6,  7,  8  and  9  the  various 
steps  to  arrive  at  the  available  latent  heat  per  pound  of 
refrigerating  medium  circulated  are  recorded  and  finally 
in  line  1"2  the  heat  absorbed  hy  the  liquid  in  the  re- 
frigerator for  each  pound  evaporated  is  given.  Dividing 
the  values  in  line  12  into  the  heat  removed  from  the 
brine  in  line  1  gives  the  w^eight  of  ammonia  circulated 
per  minute,  as  found  from  calculations  based  on  the  heat 
removed  from  the  brine. 

In  line  14  is  recorded  the  actual  weight  of  liquid  am- 
monia used  per  minute  as  determined  by  means  of  a 
weighing  apparatus  somewhat  similar  to  the  one  described. 
In  line  15  will  be  found  the  percentages  that  the  am- 
monia found   by   weighing  is   more  or  less   respectively 


iliaii  that  dclcruiincd  from  Ijrine  cooled.  The  average 
[lercentage  of  all  the  tests  is  98.7  and  for  the  ten  last 
tests  99.2.  All  the  results  obtained  by  weighing,  exce])t 
the  first  one,  arc  well  within  the  limits  of  error  of  such 
experiments.  The  conclusion  is  even  justified  that  tlu' 
actual  values  of  the  pounds  of  ammonia  circulated  as 
found  by  weigliing  are  more  correct  than  the  others.  It 
must  be  remembered  that  by  determining  the  actual 
amount  of  ammonia  circulated  by  weighing,  a  complete 
record  of  the  work  done  is  obtained,  while  by  recording 
brine  readings  every  10  or  15  min.  any  fluctuations  of  ca- 
imcity  between  readings  are  lost  sight  of. 

'Heretofore  it  was  deemed  impossible  to  make  accurate 
tests  of  the  performance  of  refrigerating  plants  of  the  di- 
rect-expansion type.  There  does  not  seem  to  be  any 
good  reason,  now  that  the  iiroperties  of  anhydrous  am- 
monia are  better  known,  why  tests  with  weighing  tanks 
should  not  be  made  and  considered  as,  if  not  more,  ac- 
curate than  tests  based  on  brine-cooling  capacity.  These 
tests,  however,  must  be  of  sufficient  length  so  that  any  er- 
ror that  might  arise,  due  to  the  expansion  side  of  the 
|ilant  containing  more  or  less  ammonia  at  the  end  than  it 
did  at  the  beginning  of  the  test,  is  negligible. 

The  actual  refrigerating  capacity  required  to  make  ii'C 
under  \arying  outside  temperatures,  distilled  water  and 
condeiisei-  water  teiii|iei-:il  iii'es  has  never  been  accurately 
(letei-iiiiiie(l.  Allow aiicfs  lia\e  always  been  made  for  radia- 
tion and  (itlier  hisses  not  directly  measurable  with  the 
thermometiT  oi-  with  other  instninients.  which  left  the 
correctness  of  the  liual  result  \ei'y  much  in  doubt.  The 
question  of  wlu'iliei-  or  lujt  more  refrigeration  is  required 
to  make  can  ice  or  phile  ice,  or  as  a  matter  of  fact  any 
quality  of  ice.  can  be  and  should  be  definitely  settled.  The 
most  relined  caK  ulal  nms  will  not  equal  in  value  a  good 
test  made  with  weighini;  l:lld^s  ]iro]iei-ly  handled. 


Refrigerating  Plants  Installed  in  1912* 

\ew  ice-making  plants — undet  which  is  included  ad- 
ditions to  existing  plants  and  the  more  important  ice- 
making  systems  installed  in  connection  with  refrigerat- 
ing plants,  as  at  packing  houses,  breweries,  etc. — were  in- 
stalled to  the  number  of  389,  as  compared  with  4.'3;i  such 
installations  reported  in  1911. 

Cold-storage  houses  to  the  number  of  66  were  reported 
(this  number  not  including  several  large  houses  now  in 
process  of  construction),  as  compared  with  52  such  ware- 
houses, reported  in  1911.  The  total  amount  of  cold-stor- 
age space  added  during  1912,  while  largely  a  matter  of 
estimate,  is  figured  at  over  10,000,000  eu.ft. 

Number        Tons  Refr. 

New  ice  making  plants 389  17,178 

Cold  storage  warehouses 66  3,119 

Breweries 47  4,352 

Packing  houses 35  3,494 

Provision  houses.                                                                               36  684 

Meat  markets 175  881 

Creameries  and  dairie.--  169  1,948 

Ice  cream  factories      60  1,203 

Hotels 60  833 

Restaurants 23  101 

Produce  commission  houses   .                                                         41  458 

Oil  refineries 12  924 

General  stores...                                                                                 35  243 

Grocery  stores.  .                                                                                 23  185 

Confectioners 20  413 

Hospitals  and  asylums. .                                                                  37  337 

Fish  freezing  and  storage.  .                                                              13  180 

Office  buUding 27  368 

Schools  and  colleges 10  97 

Residences  and  apartments.                                             ,15  40 

Miscellaneous 101  2.571 

Total 1394  39.809 

♦From   "Ice  and   Refrigeration."   Chicago. 
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Engineering  and  the  Co-operative 
School 

At  present  the  whole  country  is  particularly  interested 
ill  our  public  schools,  and  especially  in  the  new  coopera- 
tive high  schools.  The  cooperative  high-school  courses 
are  conducted  much  as  are  the  courses  in  engineering  ad- 
vocated and  practiced  l)y  Dean  Schneider,  of  the  Uni- 
versity of  Cincinnati. 

In  these  cooperative  schools  the  students  work  alternate- 
ly in  the  classroom  and  the  work  shops  of  near-by  es- 
tablishments. A  week  or  two  is  spent  in  the  academic 
training  in  the  school,  and  the  same  amount  of  time  is 
allowed  for  jiractical  work  in  the  shop.  This  practical- 
theoretical  training  is  the  most  common-sense  method 
of  education  that  high  school  or  other  boys  have  ever 
been  fortunate  enough  to  receive.  The  boy  attending  a 
school  conducted  on  this  plan  has  much  to  be  thankful 
for. 

From  the  recent  impetus  given  to  the  cooperative  school 
plan  by  the  success  of  at  least  one  such  institution,  it 
seems  that  educators  are  at  last  awaking  to  the  fact 
that  the  real  fundamental  purpose  of  education  is  to 
enable  us  to  do  better  the  things  which  society  through 
business  and  industry  expects  of  us. 

How  it  must  hurt  some  of  the  old  academicians  to  see 
the  practical  work-shop  training,  with  grease  and  overalls 
as  necessary  adjuncts,  supersede  the  "culture"  of  the  older 
schools,  too  many  of  which  still  flourish. 

To  the  engineer  who  had  to  struggle  against  the  most 
adverse  circumstances,  first,  for  the  essentials  of  a  com- 
mon school  education,  and  second,  for  a  training  in  power- 
])lant  practice,  the  cooperative  school  .seems  beyond  reality. 

The  graduates  of  such  schools  will  make  e.xccllent  men 
for  the  power  plant.  Unlike  some  high-school  graduates 
beginning  an  engineering  career,  they  will  have  had  most 
of  the  conceit  drawn  out  of  them  by  contact  with  actual 
working  conditions.  Jlust  of  these  schools  provide  a 
training  in  machine-sho])  ])ractice,  a  good  knowledge  of 
which   is   indeed   valuable  to  the  engineer. 

The  cooperative  schools  are  sure  to  become  niuic  nuiiici- 
ous.  Manufacturers  are  glad  lo  give  their  support  to  the 
plan,  because  boys  from  such  scIukiIs  make  excellent  em- 
))loyees. 

This  niovemcnt  sounds  a  note  of  warning  to  young 
men  who  hope  to  become  engineers,  and  who  have  not 
had  the  advantages  of  a  good  .-schooling.  It  means  that 
they  must  give  much  time  to  the  study  of  power-plant 
work  .so  that  they  will  be  able  to  (;ompete  with  their  more 
fortunate  brothers.  Chief  engineers  can  do  a  wonderful 
lot  of  good  for  young  men  who  have  not  had  the  op- 
portunities to  get  a  training  in  the  iiigh  school,  or  even 
in  the  higher  grades  of  the  grammar  school.  Mathematics 
and  English  are  the  subjects  most  needed  as  a  ba.sis  for 
the  education  and  training  of  such  young  men,  anri  these 
subjects  have  of  late  l)een  so  sim])lified  that  their  essentials 
may  be  mastered  by  diligent  study.  By  making  spe- 
cial provision  for  tiic  training  of  these  men  in  the  many 


])hases  of  power-plant  work  by  making  each  watch  engi- 
neer an  instructor  to  the  younger  men  as  advocated  by 
the  Institute  of  Operating  Engineers,  the  poor,  but  worthy 
ambitious  young  man  will  at  least  have  a  chance  of  com- 
peting with  the  more  fortunate  graduate  of  the  coopera- 
tive high  school. 

Systematic   Inspection 

Only  by  careful  and  frequent  inspecting  and  repairing 
can  the  equipment  of  the  power  plant  be  kept  in  the  best 
1  ondition.  It  is  a  first  principle  of  power-plant  operation 
that  the  equipment  should  be  so  maintained,  but  even 
the  newest  and  most  uptodate  equipment  will  deteriorate 
rapidly  if  it  does  not  receive  adequate  attention.  Not 
only  will  the  plant  become  inefficient  and  run  down  if  it 
does  not  receive  the  attention  that  it  should,  but  the 
equipment  will  soon  become  unsafe  to  operate. 

This  disease  is  not  peculiar  to  the  power  plant  alone. 
iM'ery  physical  thing  in  the  universe  suffers  change  in  the 
lapse  of  time.  The  more  delicate  and  fine  the  quality  of 
the  material,  the  more  rapidly  will  it  disintegrate.  Metal 
will  oxidize  and  corrode.  Wood  will  rot.  Bearing  sur- 
faces will  wear  away.  Parts  will  weaken  under  repeated 
stresses.  This  will  occur  under  either  static  or  dynamic 
stresses.  A  steel  bridge  is  subject  to  deterioration  just 
as  surely  as  a  steam  engine.  The  power-plant  owner  or 
manager  who  has  not  taken  these  facts  into  account  is 
the  victim  of  his  own  careles.suess  or  ignorance. 

The  first  step  in  the  maintenance  of  equipment  is  thor- 
ough and  systematic  inspection.  The  equipment  should 
be  thoroughly  inspected  at  regular  intervals.  It  is  not 
enough  to  know  that  the  boiler  is  washed  out  every  two 
weeks.  It  is  not  enough  to  know  that  the  engine  is  free 
from  knocks  and  pounds.  These  arc  easy  to  attend  to, 
l)Ut  it  is  the  elusive  little  things  which  are  difficult  to  de- 
tect before  the  damage  is  done.  Are  the  steam  gages  all 
correct?  Are  the  blowofi'  valves  tight?  Are  the  relief 
valves  free?  Are  the  safety  valves  properly  set?  Are 
the  feed-water  lines  free  from  scale  and  other  obstruc- 
lioiis?  .\re  the  feed  pumps  in  ])roper  working  condition? 
Is  the  auxiliary  equipment  in  good  o]ierating  condition? 
All  these  and  many  niore  equally  iniportaiit  facts  may 
only  be  made  known  by  careful  and  systematic  inspec- 
t  ion. 

It  is  generally  understood  to  be  the  duty  of  every  op- 
erator to  report  any  indications  of  trouble  or  cases  that 
require  attention  or  rei)air.  as  soon  as  he  observes  them. 
This  is  exactly  the  thing  to  do.  I'^ai-h  o])erator  slxndd  be 
trained  to  do  this  as  a  |)ar(  of  the  s])ecific  perforinance 
of  his  duty.  In  addition  to  this  it  would  be  well  to  as- 
sign to  one  man  the  duty  of  making  a  careful  general 
iii.spectioM  of  the  plant  at  regular  and  frequent  intervals. 
The  inspector  should  receive  assistance  from  the  operator 
of  the  set  of  equipment  which  lie  is  in.specting.  All  rea- 
sonable precautions  should  be  taken  to  detect  imperfect 
and  impaired  operation.  Nothing  should  be  slighted  be- 
cause it  is  out  of  sight  or  difficult  of  access.     All   in- 
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slauces  of  neglect,  corrosiou,  accumulation  of  dirt,  lack 
of  paint  or  other  protection,  excessive  wear  and  incipient 
failure  should  be  reported.  As  an  aid  to  the  process,  a 
checking  list  of  equipment  to  be  inspected  and  irregu- 
larities to  watch  out  for  would  be  of  value.  The  inspec- 
tion should  result  in  an  accurate  report  covering  the  con- 
dition of  the  plant. 

After  the  inspection  has  been  made  and  the  report  com- 
pleted, it  should  be  acted  upon  at  the  earliest  possible 
moment.  If  temporary  repairs  are  necessary  pending 
the  opportunity  for  permanent  repairs,  they  should  be 
made  at  once.  The  permanent  repairs  should  be  made  as 
soon  as  practicable.  In  power-plant  operation  it  is  not 
best  to  neglect  permanent  repairs  simply  because  the 
equipment  is  still  able  to  run.  The  report  of  such  an  in- 
spection obviously  is  of  little  value  unless  it  is  acted  upon 
promptly. 

Lubrication  of  Air  Compressors 

In  the  proper  lubrication  of  the  air  cylinder  of  a  com- 
pressor, probably  the  most  important  fact  to  bear  in  mind 
is  that  the  oil  should  be  used  sparingly.  Some  operating 
engineers  take  it  for  granted  that  an  air  cylinder  re- 
quires just  as  much  oil  as  a  steam  cylinder  and,  accord- 
ingly, apply  as  large  a  quantity  in  the  one  as  in  the  other. 
This  assumption  and  procedure,  however,  are  entirely 
wrong  and  if  these  engineers,  or  oilers,  would  cut  down 
the  amount  of  lubricant  fed  into  the  air  cylinder  they 
would  be  surprised  at  the  better  results  they  would  ob- 
tain. 

An  excess  of  lubricant  means  not  only  a  waste  of  that 
amount  of  oil,  but  other  losses  and  troubles  mentioned 
later.  These  losses  result  in  a  higher  operating  cost  than 
necessary  and,  while  a  reduction  in  the  aggregate  cost 
of  operating,  due  to  a  lower  consumption  of  cylinder  oil, 
might  be  very  trifling  where  only  one  or  two  small  com- 
pressors are  employed,  nevertheless  in  a  fairly  large  sta- 
tion such  a  reduction  would  be  noticeable.  Even  in  a 
small  station  there  is  no  more  excuse  for  waste,  be  it  de- 
liberate or  through  ignorance,  than  in  the  larger  one  and 
any  saving,  no  matter  how  small,  will  reflect  to  the  op- 
erating man's  credit. 

In  addition  to  increasing  the  expense  for  oil,  excessive 
lubrication  also  results  in  more  rapid  accumulation  of 
combustible  matter  on  the  interior  surfaces  of  the  cyl- 
inder heads  as  well  as  on  the  valves.  Further,  there  is  a 
greater  tendency  for  the  dust  drawn  in  through  the  suc- 
tion to  adhere  to  the  interior  parts.  This  means  more 
work  for  the  operator  which  can  largely  be  eliminated  so 
that  there  are  benefits  resulting .  from  careful  attention 
to  lubrication  which  may  be  directly  enjoyed  by  the  op- 
erator even  if  he  is  not  given  credit  for  low  operating 
costs.  In  ordinary  air-compressor  practice  and  for  com- 
mon size  cylinders,  it  has  been  found  that  from  one  to 
three  drops  of  oil  every  five  minutes  will  sufficiently  lubri- 
cate the  air  cylinder.  It  is  also  a  good  rule  to  always 
close  the  lubricators  immediately  before  the  compressor 
is  shut  down. 

Xext  in  importance  to  proper  care  and  attention  in 
the  lubrication  of  air  compressors  is  the  selection  of  the 
best  .suited  oil.  To  make  this  selection  is  not  always  easy, 
as  it  frequently  involves  rather  exhaustive  experiments 
and  tests  and  also  depends  largely  on  the  amount  of  com- 
pression, design  of  compressor,  etc.    Careful  tests  of  vari- 


ous kinds  of  oils  should  first  be  made  to  determine  the 
flash  point,  viscosity  and  so  on.  In  general,  notb- 
ing  but  a  high-grade  mineral  oil  having  a  flasli 
point,  say  above  525  deg.  F.,  should  be  used.  An 
oil  containing  too  high  a  percentage  of  carbon  should  also 
be  avoided  or,  in  other  words,  an  oil  should  be  selected 
which  will  leave  but  very  little  or  no  carbon  deposit  after 
it  is  volatilized.  The  reasons  for  this  are  obvious.  When 
oils  are  used  which  volatilize  readily,  or  have  a  low  flash 
point,  the  gases,  generated  by  the  heat  of  compression, 
pass  into  the  discharge  pipe  and  receivers  and  do  not 
require  a  very  high  temperature  to  ignite.  If  the  oil  is 
of  a  coking  nature  it  carbonizes  on  the  air  heads  and 
valves  and  prevents  the  latter  from  operating  properly, 
often  resulting  in  some  form  of  accident.  The  import- 
ance of  using  the  most  suitable  oil  for  the  purpose  is, 
therefore,  quite  apparent. 

The  explosions  that  sometimes  occur  in  air  compressors 
are  caused  mainly  by  the  ignition  of  combustible  mat- 
ter deposited  on  the  walls  of  the  discharge  pipe  and  in 
the  valve  ports.  As  all  oils  contain  more  or  less  of  this 
matter,  the  interior  parts  of  the  machine  should  be  care- 
fully inspected  at  certain  intervals,  the  frequency  of 
which  will  depend  to  some  extent  upon  the  character  of 
the  oil  used.  Any  deposit  that  may  have  accumulated  as 
a  result  of  the  use  of  oil,  which  has  been  acted  upon  by 
the  high  temperature  of  the  air  should  be  carefully  re- 
moved. .For  this  purpo.se  ordinary  soap  suds  may  be  fed 
into  the  cylinder  through  the  regular  oil  cup.  This  ap- 
plication should  be  continued  for  several  hours,  the  length 
of  time  depending  upon  the  quantity  of  deposit  existing. 
Care  should  be  taken,  however,  not  to  let  the  machine  lie 
idle  with  soap  suds  remaining  in  it ;  otherwise  the  parts 
effected  will  tend  to  rust.  To  avoid  this  possibility  it  is 
advisable  to  stop  the  feeding  of  soap  suds  a  short  time 
before  shutting  down  the  compressor  and  commence  feed- 
ing oil. 

The  receiver  and  pipes  into  which  the  compressor  dis- 
charges should  be  blown  out  regularly  to  remove  any  oil 
and  water  that  might  have  accumulated  and  especially 
should  the  discharge  valves  be  inspected  and  cleaned  at 
regular  intervals  because  if  they  stick  they  are  likely  to 
admit  hot  compressed  air  from  the  receiver  back  into  the 
cylinder,  thereby  increasing  the  temperature  of  the  air 
to  such  a  high  point  before  compression  that  it  will  reach 
the  flash  point  of  the  oil  during  compression.  It  might 
also  be  added  that  the  intake  pi^Jes  should  be  so  arranged 
that  the  free  air  is  drawn  in  from  the  outside  rather  than 
from  the  engine  room.  This  is  quite  important,  because 
cold  air  gives  a  higher  volumetric  efliciency  to  the  com- 
pressor, which  means  economy  of  power.  Besides,  it  is 
also  an  effective  way  of  decreasing  the  likelihood  of  ex- 
plosions. ' 

As  compared  with  the  '-iS  feet  per  second,  which  is  con- 
sidered the  limit  in  safe  speed  for  a  cast-iron  fl^Tvheel, 
some  of  the  peripheral  speeds  attained  by  the  disks  of 
steam  turbines  are  striking.  In  a  paper  entitled  "Re- 
cent Developments  in  Curtis  Steam  Turbines"  recently 
presented  to  the  Manchester  Association  of  Engineers, 
E.  F.  Halliwell  says :  "The  high&st  peripheral  speed 
\7hich  it  is  possible  to  employ  is  probably  found  in  the 
300-horsepower  DeLaval  turbine,  in  which  with  a  30- 
inch  wheel  running  at  10,000  revolutions  per  minute,  a 
velocity  of  over  1300  feet  per  second  is  readied. 
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An    Emergency    Pipe    Bender 

Desiring  to  bend  a  piece  of  %-in.  conduit,  and  not  find- 
ing anything  suitable  with  which  to  bend  it,  I  took  an 
ordinary  V2-iD-  eye-bolt,  screwed  a  nut  on  it  and  clamped 
it  in  the  vise  as  shown  in  the  illustration.  Then  rounding 
one  side  of  a  wooden  block  to  be  used  as  a  fulcrum,  I 
found  that  bends  and  offsets  could  be  easily  formed. 


Pipe  Bexdkr  Made  of  Ete-bolt  and  Block  of  Wood 

This  bender  could  doubtless  be  improved  upon,  but  it 
does  exceptionally  well  in  an  emergency.  As  the  ful- 
crum is  made  of  wood,  it  does  not  kink  the  pipe  as  does 
an  ordinary  bender,  or,  what  is  commonly  called,  a 
"hicky."    The  wood  block  should  be  made  of  oak  or  maple. 

Geover  M.  Hardy. 

Seliua,  Kan. 

Water  Level  Indicator 

The  illustration  shows  an  indicator  used  to  show  the 
height  of  water  in  tanks  on  top  of  buildings.  We  have 
tried  several  designs  of  water-level  indicators  and  found 
that  while  they  worked  well  in  summer  they  gave  trouble 


Wateh-lkvki.   Indk'atok  kok  Roof  Tank 

in  winter,  due  to  water  freezing  on  the  chain  connecting 
the  float  with  the  indicator  hand.  As  ice  would  accumu- 
late on  this  chain  it  would  not  allow  the  indicator  to 
register  the  proper  water  level.  The  indicator  shown  is 
made  of  2-in.  pipe  in  the  form  of  a  return  bend  of  about 
2-ft.  radius.     A  slot  A   is  cut  in  the  straight  pipe,  and 


in  it  a  pin  carrying  the  tin  plate  B  slides,  with  the 
rising  or  falling  of  the  water  level.  This  tin  plate  is 
connected  with  a  chain  that  runs  inside  the  pipe,  and 
at  the  tank  end  is  connected  with  the  float  C. 

This  indicator  works  well,  as  very  little  ice  accumu- 
lates on  the  chain,  and  such  as  there  is,  does  not  in- 
terfere with  the  operation  of  the  indicator;  in  fact,  it 
makes  it  work  better,  as  the  ice  offers  less  resistance  to 
the  travel  of  the  chain  through  the  pipe  than  does  the 
bare  chain. 

Harry  Biehl. 

Philadelphia.  Penn. 

Disappearing  Blueprint  Frame  and 
Carriage 

At  times,  to  secure  a  proper  amount  of  sunlight,  it  is 
desirable,  or  perhaps  even  necessary,  to  place  a  blueprint 
frame  on  the  front  or  side  of  a  prominent  building.  In 
such  cases  the  usual  type  of  carriage  running  on  a  fixed 
track  supported  by  brackets  fastened  to  the  outside  of  the 
building  is  objectionable  because  it  is  unsightly.  A  dis- 
appearing track  and  carriage  showing  only  while  in  ser- 
vice is  required.  The  one  shown  herewitli  has  been  in 
use  several  years  and  has  proved  very  satisfactory. 


Blue  fy'ini-  Frame 


Showing  Construction  of   Disappearing  Blueprint 
Frame  and  Carriage 

The  method  of  construction  anil  operation  is  readily 
apparent.  The  frame,  large  enough  to  take  tracings  36x 
48  in.,  is  mounted  on  a  carriage  made  of  angle  iron  and 
arranged  to  move  in  and  out  of  a  window  on  groove 
wheels  held  loosely  on  a  l/^-in.  axle. 

The  wheels  on  the  window  ledge  are  set  out  as  far  as 
possible  from  the  ledge,  being  held  in  ])lacc  by  brackets 
fastened  to  the  window  sill.  The  Z-bars  should  be  long 
enough  to  serve  as  girders  for  the  rear  of  the  carriage 
when  it  is  being  drawn  in;  they  also  prevent  the  car- 
riage from  tipping  up  when  pushed  out.  To  allow  the 
frame  to  be  turned  in  any  position  directly  toward  the 
sun  it  is  pivoted  on  i/^-in.  pins,  one  at  each  end.  At 
one  end  a  second  pin,  14  in.  in  diameter  and  3  in.  from 
the  pivot  pin,  is  arranged  to  slide  into  holes  in  a  brass 
plate  on  the  frame,  thus  holding  it  rigidly  in  any  desired 
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position.  Unless  the  height  from  the  window  sill  to  the 
floor  is  unusually  low  a  platform  will  be  needed  to  stand 
on  to  conveniently  reach  the  frame  so  that  prints  can 
be  easily  put  in  and  taken  out. 

F.  (i.  Hkchlkk. 
Troy.  Xew  York. 

Stopping  Leak  in  Submerged  Tank 

The  accompanying  sketch  illustrates  tlie  manner  in 
which  a  temporary  repair  was  made  to  a  submerged  con- 
denser tank,  where  the  sides  of  the  tank  riveted  to  the 
angle  iron  A  had  rusted  badly,  allowing  a  number  of 
rivets  to  be  pulled  out.  In  the  illustration,  5  is  a  1/2x6- 
in.  yellow  pine  board ;  C  is  a  i^x3-in.  yellow  pine  piece, 
and  D  is  a.  %-in.  bolt.     Five  of  these  were  placed  at  18- 


BOABDS.    I'lTi  H    AND   FeFT  ON    SiDE  OF   TaNK 

TO  Stop  Leak 

in.  centers  around  the  tank.  About  6  in.  below  the  top  of 
the  tank  is  a  piece  of  folded  felt  E  thoroughly  painted 
with  asphalt.  At  F  is  shown  pitch  which  was  poured  in 
while  hot.  An  inexpensive  repair  of  this  kind  prolongs 
the  life  of  a  tank  for  a  year  or  so  until  the  deterioration  of 
other  parts  justifies  the  installation  of  a  new  tank. 

G.    A.    RoiiERTSOX. 

Louisville.  Ky. 

Compression  vs.  Cylinder  Con- 
densation 

The  experiments  of  Prof.  Dwelshauvers-Dery,  where  he 
practically  and  definitely  demonstrated  that  an  early  clos- 
ing of  the  exhaust  valve  in  a  steam  engine,  causing  com- 
pression before  admission,  is  an  uneconomical  way  of 
lieating  the  cylinder  walls,  seemed  to  be  contradicated  by 
the  tests  of  the  performance  of  the  Uniflow  engine,  in 
-which  high  compression  is  a  salient  feature,  indirectly 


productive  of  economical  results.  The  contradiction, 
though  apparent,  is  not  real,  and  compression  is  not  eco- 
nomical, but  an  early  closing  of  an  exhaust  valve  will  not 
only  cause  compression,  but  will  also  prevent  or  reduce 
reevaporation  of  the  liquid  during  the  exhaust  stroke ; 
and  will  thereby  reduce  the  initial  condensation  due  to 
contact  with  the  cylinder  walls  cooled  by  reevaporation 
during  exhaust. 

It  might  perhaps  be  ( laimed  that  by  closing  the  exhaust 
valve  before  all  the  moisture  has  l)een  removed,  the  cyl- 
inder will  accumulate  too  much  liquid,  detrimental  to  the 
proper  action  of  the  working  fluid  (steam  under  pres- 
sure), but  it  must  be  remembered  that  the  liquid  removed 
by  reevaporation  on  the  cylimler  walls,  is  again  replaced 
by  initial  condensation  of  live  steam.  As  the  latent 
heat  of  steam  at  high  pressure  amounts  to  less  heat  per 
pound  than  the  latent  heat  required  for  vaporization  of 
licpiid  at  exhaust  pressure,  prevention  of  reevaporation 
during  the  exhaust  might  even  reduce  the  average  mois- 
ture. A  pound  of  water  evaporated  at  212  deg.  will  re- 
move 970.4  B.t.u.  from  the  cylinder  walls,  while  the 
latent  heat  that  a  pound  of  steam  at  115  lb.  absolute  can 
furnish  is  only  about  880  B.t.u. 

The  loss  due  to  reevaporation  during  exhaust  is  great- 
est when  the  steam  contains  moisture  at  the  throttle,  be- 
cause a  pound  of  moisture  or  liquid  at  115  lb.  absolute 
contains  only  about  129  B.t.u.  iilmve  the  heat  of  the  water 
at  212  deg.,  and  that  puuml  nt  moisture,  if  reevaporated 
during  exhaust,  will  carry  away  97(1.4  B.t.u..  a  loss  of 
970.4  _  i-/il  =   S41.4  JSJ.K. 

Any  such  loss,  to  be  made  up  by  live  steam  entering  at 
115  lb.  pressure  with  1010  B.t.u.  per  lb.  above  the  heat 
of  the  liquid  at  212  deg.  and  leaving  as  steam  through 
the  exhaust  with  970.4  B.t.u.  i)er  lb.,  will  i)e  made  up  at 
the   rate  of 

1010  —  97(t.4  =  39. i;  llj.u. 
per  pound   condensed. 

A  pound  of  moisture  reevaporated  on  the  cylinder  walls 
during  exhaust  will  cause  the  condensation  of 

841.4-^  39.6  =  21.25  Ih. 
of  steam  at  115  lb.  pressure.     This  is  a  good  reason  for 
ttsing  a  separator  at  the  throttle  so  that  the  steam  enters 
the  cylinder  as  dry  as  ]i(issil)l<'. 

If  heat  transmission  was  instantaneous  the  cylinder 
walls  would  be  alternately  as  hot  as  live  steam  and  as 
cold  as  exhaust,  and  the  limits  to  cylinder  condensation 
and  reevaporation  would  be  set  by  the  specific  heat  of 
the  metal  times  the  weight  of  the  metal  affected.  How- 
ever, all  the  liquid  cannot  be  reevaporated  during  the  ex- 
haust. It  takes  time  to  transmit  heat,  and  the  time  de- 
pends on  the  conductivity  of  the  metal  and  the  fluid,  the 
amount  of  surface  affected,  the  amount  of  the  difference 
in  temperattire,  the  amount  of  moisture  in  the  steam 
and  the  nature  of  the  agitation. 

In  compound  engines  the  reduced  range  of  tempera- 
ture decreases  heat  transmission. 

In  Uniflow  engines  the  reevaporation  of  moisture  dur- 
ing exhaust  is  almost  entirely  prevented,  and  the  cylinder 
walls  are  so  warm  that  but  little  condensation  takes 
place. 

In  any  engine,  if  the  time  of  reevaporation  during  ex- 
haust is  reduced,  as  by  compression,  the  initial  condensa- 
tion is  also  reduced.  Furthermore,  when  a  piston  has 
reached  the  greatest  velocity  in  the  stroke,  and  its  mo- 
tion is  retarded  as  the  crank  gets  near  the  center,  the 
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moisture  swept  by  the  piston  is  thrown  against  the  cyl- 
inder head,  causing  an  agitative  eflfect  and  increased 
facility  for  reevaporatiou.  If  the  exhaust  valve  then-  is 
closed,  so  that  the  agitation  takes  place  under  an  in- 
creasing pressure  there  is  no  more  reevaporatiou  during 
that  stroke. 

Superheat,  compounding,  steam  jackets,  etc.,  are  means 
employed  to  prevent  or  reduce  cylinder  condensation,  and 
permit  the  steam  to  expand  as  nearly  as  possible  like  a 
perfect  gas.  If  there  was.no  reevaporatiou  during  ex- 
haust, the  cylinder  condensation  would  only  be  enough 
to  make  iip  for  heat  lost  externally  by  the  cylinder,  heads, 
rod,  etc. ;  but  reevaporatiou  during  exhaust  increases  cyl- 
inder condensation  to  such  an  extent  that  it  can  be  eco- 
nomical to  use  compression  as  a  remedy. 

('.    OSBOUXE. 

Xew   ^'ork   City. 

Serious    Water  Hammer  in   Feed- 
water  Tank 

We  had  a  1000-gal.  tank  made,  in  which  to  collect  the 
condensation  from  the  heating  system  and  other  sources, 
and  to  supply  the  boiler-feed  pump  through  the  pipe  A. 
A  pipe  leads  from  the  flange  B  to  the  atmosphere  and 
contains  no  valve.  Cold  water  is  supplied  through  valve 
C  and  the  valve  D,  the  water  level  being  regulated  by  the 
float  E.  Exhaust  steam  is  supplied  through  the  valve  7'^ 
at  about  2  lb.  pressure,  and  according  to  theory  should 
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form  a,  si])h(]ii  condenser  in  the  mixing  lii.imbcrs  (id 
and  incidentally  the  water  should  circidatr  in  tlic  pipe 
as  shown  by  the  arrows. 

So  much  for  theory;  hut  this  is  what  hapi)ened  when 
the  steam  was  turned  on:  Severe  watcr-liaiiimer  was  .set 
up  in  the  heater,  which  sounded  like  the  blows  of  a  heavy 
sledge  hammer,  and,  notwithstanding  that  the  heater  was 
open  to  the  atmosphere,  this  heavy  tank  jumped  and 
danced  away  from  its  place  on  the  brick  floor,  the  vi- 
brations being  transmitted  throughout  the  building. 


The  trouble  was  remedied  entirely  by  embedding  the 
tank  in  3  ft.  of  concrete  as  a  foundation,  and  by  screwing 
the  pipe  H  with  a  check  valve  attached,  into  one  of  the 
elbows,  in  the  up-pipe  shown  by  the  arrow,  and  attaching 
ilie  capped  perforated  pipe  J  to  the  other  pipe.  This 
stopped  all  vibration  and  only  a  very  slight  rumbling  is 
occasionally  heard. 

Ch.vhles  Haeusser. 

Albany,  X.  Y. 

Pipe  Clamp    for  Leaky  Pipes 

A  simple  deviee  by  which  a  leak  in  any  size  water, 
steam  or  gas  pipe  may  be  temporarily  repaired  is  shown 
in  the  accompanying  illustrations.  It  can  be  made  by  a 
blacksmith  at  a  slight  cost  by  ordering  several  of  one  size 
at  a  time. 

This  device  is  of  wrought  iron  and  for  pipe  under  21/^ 
in.  should  be  slightly  less  than  ^V  in-  thick  at  the  bottom, 
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CLAMP    ASSEMBLED 

IIo.M  i;m  m)i;  1'ipk  Clamp 

s(j  as  to  be  somewhat  flexible,  and  gradually  increasing  to 
Vs  in.  in  thickness  at  the  base  of  the  ])rojectious  or  lugs, 
at  the  top.  The  latter  slunild  be  mIxhiI  '4  in.  thick,  have 
a  height  and  width  of  1  in.,  also  a  luile  in  the  center  of 
each  lug  to  take  a  %-in.  boll,  ti>  fasten  the  clamp  to  the 
pipe.  The  greatest  width  of  the  clamp  should  be  at  the 
extreme  bottom  and  about  1-*/4  times  the  nominal  diam- 
eter of  the  pipe  for  which  it  is  made.  The  clamp  should 
be  made  so  it  will  be  in  contact  with  the  pipe  through  an 
arc  of  about  300  deg. 

When  using  this  device  a  i>iece  of  cloth  insertion  rul>- 
ber,  at  least  ^V  in.  thick  and  a  little  larger  than  the 
clamp  should  be  placed  over  the  leak  in  the  pipe,  and 
the  clamp  placed  over  it.  A  %-in.  bolt  is  put  through 
the  holes  in  the  lugs,  and  after  jilacing  a  washer  and  nut 
on  it,  is  tightened  up. 

I  have  u.sed  this  clami)  successfully  in  repairing  leaks 
ill  piping  that  were  almost  inaccessible,  and  where,  if  the 
lengths  had  been  removed,  a  considcral)le  loss  of  time, 
labor  and  money  would  have  resulted.  This  device  can  be 
afiplied  without  reducing  the  pressure  on  the  system. 

E.    OsTEIi. 

Cincinnati,  Ohio. 
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Acid  in  Oil  May  Cause  Corrosion 

In  tlie  Nov.  26  issue,  H.  K.  Wilsou  speaks  of  trouble 
with  a  erosshead  caused  by  corrosion  of  the  threads.  I 
believe  this  trouble  to  be  caused  by  sulphuric  acid  in  the 
engine  oil.  This  acid  is  used  in  treating  oil  in  some  pro- 
cesses and  should  be  neutralized,  but  sometimes  this  is 
not  done. 

The  acid  remains  inert  as  long  as  no  water  is  present, 
but  on  coming  in  contact  with  moisture  from  the  stuflfing- 
box  leakage  it  becomes  active,  corroding  the  iron.  A 
simple  test  for  sulphuric  acid  is  to  make  a  saturated  solu- 
tion of  bai'ium  chloride  in  distilled  water.  Take  about  an 
ounce  of  the  oil,  and  dilute  it  with  an  equal  quantity  of 
benzine  or  gasoline  to  make  the  oil  more  limpid  and  add 
a  few  drops  of  the  barium  solution. 

If  sulphuric  acid  is  present  a  white  precipitate  will 
form  and  if  it  does  so  the  oil  should  not  be  used  where 
it  will  come  in  contact  with  moisture.  Some  year.'j 
ago  I  had  trouble  with  a  pair  of  wristpin  boxes  from  the 
same  cause,  and  they  were  nearly  ruined  before  I  found 
and  removed  the  cause  of  the  trouble. 

C.    A.    GllEEN. 

t'leveland    Ohio. 


Rising  Tide  Fills  Receiver 

The  letter  by  Mr.  Adams,  under  the  above  caption,  page 
()14  of  the  Oct.  22  issue,  shows  the  necessity  of  carefully 
studying  the  piping  and  equipment  in  power  plants.  Fre- 
quently engineers  taking  charge  of  new  or  strange  plants 
find  many  little  faults  in  the  piping  which  have  been 
overlooked  by  the  steamfitters,  and,  if  left  as  found,  would 
conduce  to  damage  to  the  equipment. 

Relative  to  the  plant  mentioned  by  Mr.  Adams,  a  check 
valve  should  have  been  placed  in  the  drain  pipe  above  the 
funnel;  this  would  have  prevented  the  water  from  being 
drawn  back  into  the  receiver.  Most  compound  engines 
have  a  steam  trap  connected  to  the  receiver,  and  a  check 
valve  between  the  receiver  and  the  drain  pipe.  Then  only 
the  condensate  from  the  steam  as  it  is  passed  through 
the  piping  and  receiver  can  accumulate  in  the  receiver 
while  the  tide  is  high. 

In  a  plant  in  this  locality  some  years  ago,  the  cylin- 
der heads  of  three  engines  were  blown  off  as  the  en- 
gines were  being  started  for  the  day's  run.  This  plant 
was  run  noncondensing.  The  exhaust  line  ran  along  un- 
der the  floor,  through  the  engine  room  to  the  boiler  room, 
M'hich  was  70  or  80  ft.  distant,  where  it  was  then  con- 
nected into  an  open  feed-water  heater.  The  exhaust  main 
had  gradually  filled  with  water  during  the  night,  because 
the  float  valve  which  controlled  the  city  water  supply  to 
the  heater  became  inoperative  and  allowed  the  full  city 
pressure  to  flow  into  the  heater,  the  overflow  not  being 
able  to  pass  out  all  the  water,  allowed  it  to  rise  high 
enough  in  the  heater  to  flood  the  exhaust  line.  This  ex- 
haust line  was  trapped,  but  the  trap  could  not  take  care  of 


till'  extra   water,  and   so  tlic  pipe  Ix'cainc   I'lill   during  the 
night. 

These  conditions  were  not  known  to  the  engineer  who 
started  one  of  the  engines,  which  made  but  a  revolution 
or  two,  when  the  entrapped  water  in  the  cylinder,  being 
compressed  by  the  piston,  blew  off  the  low-pressure  cyl- 
inder head.  Thinking  that  this  water  was  due  to  con- 
densation in  the  steam-supply  pipe,  he  immediately  started 
one  of  the  other  engines  and  the  same  thing  happened 
to  this  one.  By  this  time  he  was  so  thoroughly  excited, 
and  as  it  was  after  the  usual  starting  time,  he  jumped 
to  the  throttle  of  the  third  engine  and,  opening  it,  caused 
the  cylinder  head  to  be  blown  out  as  it  had  been  on  the 
other  two.  The  real  cause  of  the  trouble  was  discovered, 
as  usual,  when  it  was  too  late  to  do  any  good. 

R.    A.    C ULTRA. 

Cambridge.  Mass. 

Measuring  Air  from  Compressor 

As  a  rough  and  ready  method.  Prof.  Fessenden's  sug- 
gestions in  the  Dec.  31  issue  seem  good,  but  1  disagree 
with  his  assertion  that  his  method  can  be  made  very  ac- 
curate, and  I  take  the  liberty  of  questioning  both  its  prac- 
tical and  theoretical  correctness.  In  the  course  of  the 
article  he  says  that  "the  volume  and  temperature  re- 
main constant  and  the  pressure  and  weight  decrease  as 
the  air  escapes  through  the  partly  open  valve  B."  The 
very  first  principle  of  air  compression  and  expansion  is 
that  the  tenii)erature  will  change  with  the  pressure.  The 
test  proceedure  is  to  expand  the  air  in  the  tank  from  a 
jiressure  10  or  15  lb.  above  normal,  down  to  some  pres- 
sure below  normal,  then  plot  a  curve  of  pressure  drop  with 
time,  from  which  the  tangent  angle  will  give  the  first 
difl'erential,  or  rate  of  flow.  It  seems  to  me  that  this 
assumes  the  expansion  to  follow  the  equation,  W  =  PV 
-^  RT,  whicli  he  has  given,  assuming,  as  he  says,  that 
the  temperature  shall  remain  constant.  A  single  trial  will 
convince  anyone  that  the  temperature  in  the-  tank  will  not 
remain  constant.  I  have  in  midsummer  formed  good- 
sized  chunks  of  ice,  whicli  come  shooting  out  of  a  re- 
ceiver drain,  by  allowing  the  air  in  the  receiver  to  expand 
down  from  100-lb.  gage  to  atmosphere.  There  is  little 
or  no  cooling  of  the  air  after  passing  the  orifice,  but  if 
the  body  of  air  in  the  receiver  is  allowed  to  expand  that 
way,  the  expanding  air  in  the  receiver  will  grow  intensely 
cold  and  will   carry  out  chunks  of  frozen  moisture. 

When  the  pressure  is  increased  to  10  or  15  lb.  above 
normal,  the  air  gets  hotter  because  the  compression  range 
is  increased  ;  but  not  very  much  hotter,  as  regards  the 
entire  body  of  air  in  the  receiver,  because  the  new,  more 
highly  heated  air  is  a  very  small  proportion  of  the  tank 
contents.  Now,  however,  when  the  entire  tankful  is  al- 
lowed to  expand  back  to  normal  pressure,  there  is  a  very 
rapid  temperature  drop,  and  when  normal  pressure  is 
reached  again,  the  temperature  will  be  much  below  nor- 
mal. Thus  the  condition  of  flow  at  normal  pressure  may 
be  entirely  differeni  from  what  it  was  at  first. 
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It  i.s  true  that  the  volume  flowing  from  au  orifice  varies 
only  with  the  square  root  of  the  absolute  temperature,  so 
if  the  original  pressure  increase  is  hut  slight,  it  may  be 
that  the  curve  of  expansion  will  be  true  enough  at  the 
point  of  normal  pressure  to  give  a  rough  approximation 
to  the  flow  rate.  That  it  is  theoretically  correct,  as  claimed, 
1  doubt  very  much. 

A  little  further  along  he  says  that  the  thermometer 
must  be  "carefully  calibrated,  and  that  the  temperature  of 
the  air  should  remain  the  same  when  the  readings  for  the 
pressure-time  curve  are  taken  as  when  valve  B  is  ad- 
justed." To  carefully  calibrate  a  thermometer  is  easy, 
but  as  to  the  last  injunction;  how  does  he  do  it?  I 
have  seen  the  mercury  skip  up  and  down  in  a  thermometer 
at  a  lively  rate  as  air  was  compressed  and  expanded  in  a 
receiver.  This  naturally  brings  up  the  question;  if  ex- 
pansion of  the  air  in  the  receiver  lowers  its  temperature, 
why  will  it  not  be  equally  raised  by  pumping  more  air 
into  the  tank,  and  so  raise  the  pressure? 

Some  reader  will  say,  "'it  does."  But  try  this:  Have 
an  air  receiver  connected  to  the  shop  air  line,  but  with 
the  air  valve  closed  and  the  pressure  in  the  receiver  at 
atmosphere.  Xow  open  the  valve  to  admit  air  from  the 
shop  line,  all  outlets  from  the  receiver  being  closed.  If 
the  shop  line  air  is  cold,  as  it  usually  is,  will  the  receiver 
become  hot  when  the  pressure  within  it  is  raised  to,  say 
100  lb.,  with  the  cold  shoj)  line  air?  Any  increase  in  the 
heat  in  the  air  would  mean  an  increase  of  energy  in  the 
air,  and  there  is  no  place  for  this  energy  to  have  come 
from.  It  could  not  come  from  the  compressor,  as  this  rea- 
soning will  prove :  Suppose  the  compressor  to  be  run- 
ning at  constant  speed  and  blowing  off  all  its  capacity  at 
full  pressure  to  atmosphere  from  a  bypass.  Further,  as- 
sume for  ease  of  reasoning  that,  by  the  time  the  air  has 
reached  the  blowoft",  it  has  cooled  down  to  atmospheric 
temperature  in  the  shop  line,  as  it  usually  does.  Xow, 
the  compressor  is  developing  a  certain  horsepower,  de- 
livering a  certain  amount  of  air  at,  say  100-lb.  pressure, 
60  deg.  F.  Suddenly  close  the  blowoff  and  open  the  valve 
into  the  receiver,  filling  the  latter  with  the  cold  air,  but 
throttling  the  flow  so  as  to  maintain  the  compressor  dis- 
charge pressure  at  exactly  100  lb.  until  the  receiver  is 
full. 

During  this  process  the  conditions  at  the  compressor 
niu.st  have  remained  con.stant.  If  it  was  delivering  cold 
air  to  the  blowoff,  it  must  deliver  cold  air  to  the  receiver 
and  the  latter  is  then  filled  with  cold  air.  The  air  in 
the  receiver  cannot  increase  in  temperature,  because  if  it 
did  it  would  contain  more  energy  than  it  had  when  pass- 
ing out  of  the  blowoff,  and  it  cannot  contain  more  energy 
because  the  compressor  horsepower  has  very  clearly  re- 
mained constant.  The  air  passing  from  tiie  line  pipe  into 
the  receiver  may  grow  a  shade  colder,  but  only  a  shade, 
becau.se  the  pressure  in  the  air  line  lias  iiot  i)eeii  allowed 
to  drop. 

If,  however,  the  shop  line  is  closed  off  and  the  air  in 
the  receiver  allowed  to  blow  down  to  atmosphere,  pieces 
of  ice  will  shoot  out  of  the  receiver  blowoff  when  the 
receiver  pressure  lias  gotten  down  to  about  10  lb. 

1  have  never  noticed  any  increa.se  in  temjierature  in 
filling  a  tank  with  air  at  normal  temperature  from  the 
10(l-lb.  shop  line.  T  have,  however,  often  noticed  marked 
increase  in  teinj)erature  in  a  receiver  filled  with  air  and 
then  further  ((impressed  in  the  receiver  by  pnniiiing  water 
into  the  bottom,  thus  decreasing  the  air  volume  and  in- 


creasing the  pressure.  Increase  of  pressure  by  decrease 
of  volume  will  increase  air  temperature:  but  increase  of 
pressure  by  crowding  in  more  air  at  normal  temperature 
does  not  appear  to  increase  the  temperature,  nor  does  a 
consideration  of  the  energy  transfers  lead  to  such  a  con- 
clusion. Expansion  of  air  through  an  orifice,  or  valve,  as 
in  opening  a  cock  on  an  air  line,  will  scarcely  decrease  the 
temperature  of  the  escaped  air  at  all ;  but  expansion  of  a 
body  of  air  from  one  pressure  to  another,  as  in  blowing 
down  an  air  receiver,  so  that  the  pressure  within  the  re- 
ceiver is  decrea.sed,  will  rapidly  decrease  the  temperature 
of  the  air  within  the  receiver. 

R.    S.    B.VYAKD. 

Xe.w  York  City. 

Explosions  in  Air  Lines 

The  article  by  Frank  Richards,  of  July  30,  1912,  is- 
sue of  Power,  has  brought  forth  considerable  discussion 
in  regard  to  dangerous  explosions  in  receivers  of  com- 
pressed-air systems.  It  seems  to  be  the  consensus  of  opin- 
ion that  these  explosions,  sometimes  fatal,  result  from 
an  abnormal  increase  in  temperature,  which  is  sufficient 
to  vaporize  the  grease  which  lines  the  discharge  pipe  and 
receiver,  thus  supplying  a  mixture  of  oil  and  air  which 
explodes  when  the  temperature  rises  sufficiently.  Xo 
cause,  however,  for  this  rise  in  temperature  is  offered. 

It  is  only  natural  that  the  result  of  the  explosion  should 
appear  in  the  receiver  since  the  receiver  is  the  weakest 
part  of  the  system  on  account  of  its  large  size  and  com- 
paratively thin  shell.  Anyone  who  is  seriously  interested 
in  this  subject  might  very  profitably  look  up  the  details 
of  the  explosion  of  a  four-stage  air  compressor  at  the  Red- 
stone plant  of  the  H.  C.  Frick  Coke  Co.,  Brownfield, 
Penn.  To  guard  against  the  repetition  of  a  former  violent 
explosion,  a  recording  thermometer  had  been  installed 
in  the  pipe  line  for  the  outgoing  air  close  to  the  com- 
pressor. Fusible  plugs  were  also  attached  to  the  discharge 
pipe  as  a  further  safeguard. 

When  the  compressor  was  working  normally,  day  in  and 
day  out,  the  temperature  of  the  discharged  air  was  or- 
dinarily about  2-tO  deg.  F.  and  practically  never  more 
than  250  deg.  F.  On  the  day  of  the  explosion,  the  tem- 
perature for  the  first  part  of  the  morning  was  the  same 
as  usual,  but  at  11  a.m.  the  temperature  started  to  in- 
crease and  reached  about  270  deg.  F.,  indicating  trouble. 
The  temperature  remained  at  approximately  this  point  for 
31/^  hr.  so  that  there  was  plenty  of  time  for  the  engineer 
in  charge  to  discover  the  unusual  condition  and  to  shut 
down  the  compressor  for  investigation.  Ap])arently  the 
engineer  took  a  long  chance  and  as  a  result  an  internal 
explosion  took  place  at  three  o'clock  in  the  afternoon.  The 
chart  record  shows  that  the  temperature  rose  to  620  deg. 
F.  almost  instantaneously,  being  checked  here  by  the  blow- 
ing out  of  a  fusible  plug. 

The  cause  of  the  rise  in  temperature  in  air  compressor 
lines  has  been  given  careful  consideration  by  engineers  of 
large  coal  companies  using  com])re!ised  air  for  power  pur- 
poses. It  is  generally  believed  that  the  high  tempera- 
tures are  a  result  of  the  continued  recompressing  of  air  in 
the  compressor  cylinder,  due  to  improper  action  of  the 
air  valves.  Heat  is  generated  when  air  is  conii)ressed  and 
if  the  valves  do  not  i)revent  this  heated  air  from  getting 
l)ack  into  the  cylinder  to  be  compressed  again,  the  air  will 
l)econie  hotter  and  hotter,  depending  on  the  efficiency  of 
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the  water-oooliug  system,  until  finally  the  temperature 
will  reach  a  point  where  the  lubricating  oil  and  the  grease 
lining  the  discharge  pipe  and  receiver  will  become  vapor- 
ized and  finally  ignite,  resulting  in  an  explosion. 

Xormal  working  temperatures  of  air  leaving  compres- 
sors vary  somewhat  according  to  the  compressor  and  the 
efficiency  of  the  cooling  system.  Blowing  engines,  such  as 
are  used  for  blast  furnaces  and  for  bessemer  converters, 
iompress  the  air  to  about  10  to  30  lb.  per  sq.in.  Neither 
the  air  cylinder  nor  the  discharged  air  are  water-cooled 
and  the  temperature  of  the  air  in  the  blast  main  will 
usually  remain  at  about  300  deg.  F.  under  proper  condi- 
tions. The  blast  main  becomes  lined  with  grease,  the  same 
as  the  discharge  pipe  for  high -pressure  air  but,  as  the  air 
is  at  a  fairly  low  pressure,  a  fire  results  instead  of  the 
explosion  in  high-pressure  lines.  These  fires  are  a  result 
of  the  same  trouble,  improper  working  of  the  valves.  In 
the  case  of  blowing  engines,  however,  the  fires  take  place 
within  the  time  of  about  three  or  four  revolutions  of  the 
engine  after  the  valve  trouble  occurs,  because  no  cooling 
water  is  used.  The  effect  of  water  cooling  in  air  com- 
pressors prevents  an  instantaneous  explosion  when  the 
valves  are  not  working  properly,  thus  allowing  sufficient 
time  to  shut  down  and  investigate.  As  previously  stated, 
the  temperature  of  the  discharged  air  will  largely  depend 
on  the  amount  of  cooling  applied.  The  air  from  the  four- 
stage  compressor  at  Brownfield,  Penn.,  was  normal  at 
220  to  250  deg.  F.  Eecords  from  three-stage  air  com- 
pressors in  the  same  district  show  normal  temperatures  of 
275  to  310  deg.  F.  A  single-stage  compressor  would  like- 
ly discharge  air  at  something  under  300  deg.  F.  with  nor- 
mal conditions,  and  this  is  safely  below  the  ignition  point 
of  good  lubricating  oil. 

To  prevent  these  disastrous  explosions,  very  nearly  all 
of  the  coal  operators  using  multiple-stage  air  compressors 
in  the  western  Penn.sylvania  district  have  equipped  their 
compressors  with  recording  thermometers  so  that  the  en- 
gineer in  charge  will  have  complete  information  of  the 
temperature  of  the  discharged  air  and  so  that  there  will 
be  records  of  these  temperatures  for  the  superintendent. 
One  of  the  large  coke  companies  has  also  devised  an  auto- 
matic electrical  emergencj'  shutdown  device  which  is  op- 
erated from  the  thermometers.  Another  method,  which  is 
less  expensive,  consists  of  having  a  gong  sounded  when  the 
temperature  rises  sufficiently  to  close  electric  contact  in 
the  thermometer,  thus  giving  warning  to  the  engineer 
that  the  compressor  is  not  working  properly. 

The  suggestion  of  Thomas  Baker,  in  Powp:r  for  Dec. 
31,  1912,  is  good,  that  "Only  the  very  best  grade  of  air- 
compressor  oil  obtainable  for  lubricating  the  cylinders 
be  used."  It  is  quite  likely  also  that  the  amount  of  oil 
for  the  compressors  could  be  considerably  reduced. 

Pittsburgh.  Penn.  P.  B.  Axthoxy. 


World   Beating  Discoveries 

Many  such  wonders  as  are  referred  to  editorially  under 
the  above  heading,  in  the  Dec.  3  issue,  have  a  basis  of 
truth,  but  fail  because  they  are  out  of  proportion. 

Take,  as  an  example,  the  proposed  production  of  liquid 
carbon  dioxide  from  furnace  gases  by  methods  which  in- 
volve centrifugal  separation.  Consider  this  idea  in  the 
light  of  the  kinetic  theory  of  gases.  This  theory  postu- 
lates a  gas  as  made  up  of  innumerable  small  particles, 
endowed  by  heat  with  mobile  power  and  darting  to  and 


fro  at  enormous  velocities.    The  particles  possess  weight, 
and  are  therefore  subject  to  the  attraction  of  gravity. 

It  can  be  shown  that  the  atmosphere  about  the  earth 
exists,  where  it  is  as  a  compromise  between  gravitation 
and  molecular  velocity.  This  being  true  it  should  be 
possible,  in  a  closed  vessel  of  mixed  gases,  well  insulated 
from  changes  of  temperature  which  would  cause  currents 
and  induce  mixing,  to  show  a  greater  percentage  of  the 
heavier  gases,  collected  by  settling  at  the  bottom  of  the 
vessel.  It  should  also  be  possible  by  producing  a  whirl- 
ing movement  in  any  smooth  container,  so  far  to  increase 
the  different  gravitational  influence  on  molecules  of  dif- 
ferent weights  as  to  cause  the  heavier  ones  to  be  separated 
toward  the  outer  part  of  the  vortex.  But  the  added  energy 
would  be  so  small  a  part  of  the  total  molecular  energy 
that  the  practical  effect  would  be  little. 

If  two  gases  be  separately  imprisoned  in  a  vessel  with  a 
central  sliding  door  between  them,  then  when  the  door  is 
removed,  those  molecules  which  were  by  the  door  will 
begin  to  diffuse  into  the  next  compartment.  This  power 
of  diffusion  varies  inversely  as  the  square  root  of  the  den- 
sity of  a  gas.  Thus  if  the  two  gases  are  oxygen  and  hydro- 
gen the  densities  of  which  are  16  and  1,  their  diffusive 
energy  will  be  as  1  to  -1,  and  the  first  molecules  of  hydro- 
gen will  penetrate  4  ft.  into  the  mass  of  oxygen  in  thr> 
same  time  as  occupied  by  the  molecules  of  oxygen  in 
penetrating  only  1  ft.  into  the  mass  of  hydrogen.  Thi~ 
diffusion  runs  counter  to  other  influences  and  enables 
o.xygen  to  find  its  way  to  the  floor  of  a  mine  in  spite  of  the 
superior  gravitational  pull  upon  the  carbon  dioxide.  Thus 
diffusion  and  temperature-produced  currents  mix  u])  the 
atmosphere  preventing  gravitational  stratification. 

Since  14  cu.ft.  of  air  weighs  one  pound  and  the  at- 
mosphere weighs  upon  each  square  inch  about  15  lb.  the 
height  of  the  atmosphere,  were  it  uniformly  dense  ver- 
tically, would  be  about  28,000  ft.  And  since  its  content 
of  carbon  dioxide  is  one  in  10,000.  this  gas  would  cover 
ihe  earth's  surface  to  the  depth  of  nearly  three  feet.  Xo 
small  animal  could  live  at  the  sea  level. 

That  we  owe  mixture  to  diffusion  can  be  shown  by  re- 
moving the  heat  which  gives  to  gas  molecules  this  energy 
of  motion.  Gases  liquify  at  different  pressures  and  tem- 
peratures, and  air  can  be  separated  into  its  constituents 
by  compression  at  a  very  low  temperature,  the  more  easily 
liquified  gases  being  drained  off  before  the  less  easily 
liquified  gases  lose  their  gaseous  state.  The  reverse  effect, 
or  distillation,  has  long  been  employed  to  separate  mixed 
solids  and  liquids. 

At  a  velocity  of  1920  ft.  per  sec,  a  gas  molecule,  start- 
iiig  upward  from  the  earth  would  ascend  for 
1920  H-  32  =  60  sec. 

In  that  time  it  would  reach  a  height  of  16t-  ft.,  or 
3600  X  16  =  57,600  //. 
or  11  miles,  which  would  be  the  depth  of  the  atmosphere 
for  a  gas  of  that  molecular  velocity.  The  moon  pos- 
sesses little  or  no  gas  because  its  gravitation  is  insufii- 
cient  to  restrain  the  molecular  energy  with  which  gaseous 
molecules  travel  from  it.  With  such  a  view  of  molecular 
gaseous  energ\-  it  is  obvious  that  gases  cannot  be  much 
influenced  by  such  movements  as  can  be  mechanically  im- 
pressed upon  them  and  would-be  revolutionaries  in  the 
engineering  world  would  do  well  first  to  acquire  a  knowl- 
edge of  some  of  the  basic  laws  against  which  they  may  lie 
running  counter. 

London,  England.  W.  H.  Booth. 
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Water  Temperature  in  an  Open  Heatter — ^Vhy  cannot  wa- 
ter be  raised  above  a  temperature  of  212  deg,  in  an  open 
heater? 

K.    F.    N. 

Because,  in  an  open  heater  the  water  is  under  atmospheric 
pressure,  and  its  highest  attainable  temperature  is  212  deg. 
F. ;  above,  that  temperature  it  becomes  steam  under  atmos- 
pheric pressure. 

Motor  WIndinBs — What  is  the  difference  in  the  effect  of  a 
differential  and  of  a  cumulative  winding  upon  the  speed  of 
a   motor? 

C.    F.    N. 

The  effect  of  the  differential  winding  is  to  increase  the 
speed  as  the  load  increases,  whereas  that  of  the  cumulative 
winding  is  to  increase  the  speed  as  the  load  decreases. 


-Hov 


oay    a   shunt--wound   motor    be    re- 


Reversing    Motfl 

versed? 

H.    F.    C. 
By   interchanging  the   field   connections  or   the  line  connec- 
tions at  the  brushes,  or,   in  a  bipolar  machine,   by  shifting  the 
brushes  180  deg.:   in  a  four-pole  machine.  90  deg.;  in  an  eight- 
pole.    45   deg.,   etc. 

Fire  Craek  on  Boiler — What  causes  a  fire  crack  on  a 
boiler;  where  do  they  most  often  appear  and  are  they 
dangerous? 

G.    N. 

A  fire  crack,  as  distinguished  from  a  rupture  due  to  a 
strain,  is  caused  by  the  action  of  the  furnace  heat.  These 
cracks  sometimes  occur  in  the  body  of  a  boiler  sheet  or 
along  its  edge,  and  occasionally  in  the  rivet  head  or  between 
the  rivets.  Usually  the  crack  begins  at  the  fire  surface. 
It  is  dangerous  onl>'  when  the  crack  increases  in  depth, 
thereby    impairing    the    strength    of    the    material. 


Evaporation    in 

draft    gage    be    pr( 


Draft    Gaee 

vented? 


-How    can    evaporation    in    the 


J.    S.    H. 


A  good  way  is  to  place  about  one-half  inch  of  a  light 
oil  on  the  surface  of  the  water  in  each  leg  of  the  U-tube. 
being  careful  that  there  is  the  same  amount  of  oil  in  each. 
Then  the  difference  between  the  level  in  the  two  legs  may  be 
read  off,  giving  the  draft  in  inches  of  water  the  same  as 
though  no  oil  was  used.  Covering  the  surface  with  oil 
prevents  evaporation  of  the  water,  but  care  should  be  taken 
that  when  the  draft  gage  is  disconnected  in  the  open  at- 
mosphere the  water  level  stands  the  same  in  each  leg  of  the 
U-tube. 

f02,  CO  and   H;0 — What   is   meant   by  CO2.   CO  and  H2O? 

J.  P.  M. 

-CO;  is  the  chemical  symbol  for  carbonic  acid  gas  and 
means  that  in  each  molecule  of  the  gas  there  are  one  atom  of 
carbon  and  two  atoms  of  oxygen.  CO  is  the  symbol  for  car- 
bonous  acid  gas.  each  molecule  of  which  is  formed  of  one 
atom  of  carbon  and  one  atom  of  oxygen.  This  gas  is  the 
result  of  incomplete  combustion,  for  CO  can  still  burn  to  CO2. 
Consequently,  when  CO  is  the  product  of  combustion,  not  so 
much  heat  results  from  a  given  quantity  of  fuel  as  when  the 
product  is  COj.  H2O  is  the  symbol  for  water  and  water  vapor, 
each  molecule  of  which  is  the  combination  of  two  atoms  of 
hydrogen   and   one   of   oxygen. 

PoHltlon  of  KaKe-Cockn — Why  an-  the  gage-cock.s  ranged 
In  a  slanting  line  in  the  boiler  heaii" 

.1.    K.    H. 

If  the  holes  in  the  head  were  in  a  Vertical  line,  bring- 
ing one  cock  plumb  above  or  below  another,  the  cocks  would 
come  so  close  together  for  Indicating  the  desired  differences 
of  water  level  as  to  leave  too  small  a  ligament  of  metal  be- 
tween the  holes  made  in  the  head  to  receive  the  gage-cock 
connections.  Hence  the  line  Is  slanted  from  the  vertical. 
Another  reason  for  slanting  the  line  of  cocks  Is  to  prevent 
the  discharge  of  one  cock  from  falling  on  another,  and  also 
to  leave  sufficient  space  between  the  cocks  for  fitting  them 
up   and    for   operating    them. 

Coal  Connnniptlon — Is  14^  lb.  of  buckwheat  coal  per 
square   foot   of   grate   area   a   fair   average   of   coal   consump- 


tion  fur  a   water-tube  boiler  with  a  steam  blower  discharging 
under    the    grate? 

G.  E. 
Burning  14  to  19  lb.  of  buckwheat  coal  per  square  foot  of 
grate  would  be  only  a  fair  average  with  natural  draft. 
With  forced  draft  it  should  be  possible  to  burn  as  high  as 
25  to  35  lb.  per  square  foot  of  grate  with  good  results.  In 
using  forced  draft  it  is  assumed  that  only  as  much  boiler 
capacity  is  employed  as  may  be  necessary.  With  insufficient 
natural  draft  and  where  forced  draft  is  necessary,  it  is  bet- 
ter to  force  the  boilers  beyond  their  rated  capacity  and  em- 
ploy  onlj'   as   many    boilers   as   may   be    necessary. 

ThieknesH  of  Boiler  Heads — Is  there  a  formula  or  rule 
for  finding  the  thickness  of  boiler  heads  for  a  given  thick- 
ness of  plate?  For  example,  should  a  boiler  with  V-i-in. 
plates   and   over  have    i/^-in.    heads? 

E.    W.    H. 

The  thickness  of  boiler  heads  of  return  tubular  boilers 
is  not  determined  by  a  mathematical  calculation  but  empiri- 
cally from  practice.  The  Massachusetts  rule  requires  that 
boilers  42  in.  in  diameter  or  under  shall  have  heads  ^s-in. 
thick;  from  42  to  54  in.  diameter,  inclusive.  i"s-in.  heads;  54 
to  72  in.  diameter,  inclusive,  lo-in.  heads  and  over  72  in. 
diameter.   1^5 -in.  heads. 

Samplinir  Coal — How  should  a  sample  of  coal  be  selected 
for   a    proximate    analysis? 

C.    A.    H, 

Sampling  may  be  done  according  to  the  A.  S.  M.  E.  Code 
for  Conducting  Boiler  Trials,  the  rules  for  which  may  be 
found  in  various  text  and  hand  books.  A  simple  method 
that  will  give  very  close  results  is  as  follows;  Select  equal 
samples  from  various  parts  of  the  coal  pile.  Thoroughly 
mix  and  crush  them,  then  halve  the  quantity,  quarter  it,  and 
so  on,  repeatedly  divide  it.  until  only  as  much  remains  as  is 
required  for  the  analysis.  It  is  well  to  repeat  the  mixing 
frequently  and  also  the  crushing  if  the  coal  was  not  ori- 
ginally pretty  finely  powdered. 

Pumpinf^  Pressure — Against  what  pressure  can  water  be 
forced  by  a  pump  having  7-in.  water  iinti  .S-in.  steam  cylinders, 
taking  steam  at  S\i  lb.   pressure? 

K.   F.  N. 

Theoretically,  the  pressures  in  the  two  cylinders  will  be 
inversely  as  their  areas,  and  the  latter  are  proportional  to 
the  squares  of  the  diameters.  Then  the  pressure  in  the  water 
cylinder   would   be 
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40.8    lb. 


Practically,  on  account  of  friction,  and  the  actual  mean 
effective  pressure  being  less  than  the  initial  pressure,  even 
with  steam  supposed  to  be  taken  during  the  full  stroke,  at 
least  10  per  cent,  less  pressure  would  be  all  that  could  be 
pumped  against  or  around  35  lb. 

nlyslH — What    is    the    prox 
t    obtained? 


Proximate 

al   and   how 


analysis    of 


H.    A.    C. 


What  is  known  as  the  proximate  analysis  of  a  fuel  Is  one 
which  determines  the  relative  proportions  In  the  fuel  of  fixed 
carbon,  volatile  matter,  moisture  and  ash.  Progressive  heat- 
ing separates  these  parts  and  weighing  the  remainder  at 
each  stage  enables  computing  the  various  percentages.  At  a 
temperature  of  250  to  300  deg.  F.,  all  the  moisture  will  be 
driven  off.  Further  heating  to  a  red  heat  will  remove  the 
volatile  matter,  and  at  a  white  heat  the  carbon  will  unite 
with  oxygen  to  form  CO2.  leaving  the  ash  as  the  final  residue. 

The  principal  apparatus  required  for  ordinary  boiler  room 
use  Includes  a  crucible  about  6  In.  in  diameter,  a  cover  tor 
the  crucible  and  sensitive  scales,  such  as  are  u-sed  by  drug- 
gists. For  the  heating,  the  most  available  means  will 
answer,  as  the  boiler  furnace  Itself.  The  crucible  may  be 
held  In  the  furnace  with  tongs  or  on  an  old  shovel.  For 
the  first  heating,  to  drive  off  the  moisture,  the  crucible  may 
be  set  Just  Inside  the  fire  door  on  the  dead  plate.  A  black- 
smith's forge  or  a  large  enough  Bunsen  burner  may  also  be 
used  for  the  whole  range  of  heating.  To  begin  with,  the 
empty  weight  of  the  crucible  must  be  taken  so  that  II  miy 
be  deducted   from   the   final   weight  to  get   the   weight   of  ash. 
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Mexsuratiox — Pakt  T 

Mensuration  is  realh'  "short-hand"  geometry,  because 
it  treats  of  the  measurements  of  lines,  angles,  surfaces 
and  solids,  while  geometry  is  the  science  which  proposes 
and  demonstrates  the  art  of  measuring.  Mensuration  is 
especially  valuable  to  the  engineer,  for  by  knowing  how 
to  use  it  he  can  measure  the  volume  of  tanks  and  vessels 
of  all  shapes,  the  area  of  surfaces,  regular  or  irregular. 

LixEs  AXD  Angles 

A  geometrical  line  has  length  but  not  breadth  nor 
thickness.    Lines  may  be  straight  or  curved. 

A  straight  line  is  one  that  does  not  change  in  direction 
throughout  its  length,  as  the  line  AF  in  Fig.  1,  or  the 
lines  AE,  BF,  CG  and  DH  in  Fig.  2. 

A  curved  line  changes  in  direction  at  every  point. 
Straight  lines  are  designated  by  two  letters,  while  curved 
lines  are  usually  designated  by  three  letters.  The  lines 
ACE,  CEG,  EGA,  which  describe  the  circle  in  Fig.  2,  are 
curved  lines. 

Parallel  lines  are  lines  which  are  the  same  distance 
apart  throughout  their  entire  length,  as  the  edges  of  the 
top  and  bottom  crosshead  guides  of  an  engine. 

A  line  is  perpendicular  to  another  when  it  meets  the 
other  line  at  right  angles.  Thus  the  line  CO,  Fig.  2,  is 
perpendicular  to  the  line  AE. 

A  vertical  line  is  a  line  pointing  toward  the  center  of 
the  earth,  such  as  a  plumb  line,  or  line  holding  a  sus- 
pended plumb-bob. 


Fig.  1 


An  angle  is  the  difference  in  direction  of  two  intersect- 
ing straight  lines  which  may  be  considered  as  running 
from  the  center  to  the  circumference  of  a  circle.  Thus 
the  lines  AO  and  BO,  CO  and  DO.  Fig.  1,  form  angles. 

The  vertex  of  an  angle  is  the  point  where  the  lines 
forming  the  angle  meet.  As  seen  in  Fig.  1,  0  is  the 
vertex  of  all  the  angles. 

To  under-stand  the  angle  we  must  understand  the  circle. 
The  circumference  of  the  circle  is  considered  as  being 
divided  into  360  equal  parts,  each  called  a  degree.  A  de- 
gree is  divided  into  60  equal  parts,  each  of  which  is  termed 
a  minute.  The  minute  in  turn  is  divided  into  60  equal 
parts,  each  of  which  is  termed  a  second.  From  this  we 
see  that  the  length  of  a  degree,  minute  or  second  meas- 
ured on  the  circumference  will  vary  for  different-sized 


circles,  but  that  a  degree  of  any  circle  is  equal  to  ^J,,- 
of  its  circumference.  The  degree,  minute  and  second  nn 
expressed,  °,  ',  "  respectively.  Thus  for  the  expression 
20°  16'  50",  we  read  20  degrees,  16  minutes,  50  seconds. 

Any  circle  contains  four  right  angles.  Then  a  righl 
angle  must  be  equal  to  *|-o  =  90  deg.  Thus  in  Fig.  i 
COE,  EOG,  GOA  and  AOC  are  right  angles,  or  90-de 
gree  angles.  A  45-degree  angle  must  be  ^-,  thus  AOB 
COD,  DOE,  etc.,  in  Fig.  2,  are  i5-degree  angles. 

An  obtuse  angle  is  any  angle  greater  than  a  right  angle 
Thus  the  angle  BOE,  Fig.  2,  is  an  obtuse  angle.  Ar 
acute  angle  is  any  angle  less  than  a  right  angle;  as  th( 
angle  DOE,  Fig.  2. 

When  a  straight  line,  as  BO,  Fig.  2,  meets  another  line 
.iE,  between  its  ends,  two  angles,  BOA  and  BOE,  art 
formed.  Angles  formed  in  this  manner  are  termed  ad- 
jacent angles. 

From  the  foregoing  we  see  that  no  matter  how  man) 
lines  we  draw  through  the  center  of  a  line,  such  as  AE 
Fig.  2,  or  how  many  lines  we  cause  to  meet  at  a  poiul 
0  on  a  line  AF,  Fig.  1,  the  sum  of  all  the  angles  formed 
cannot  be  more  than  four  right  angles  in  the  case  of  Fig. 
2,  nor  more  than  two  right  angles  in  the  case  of  Fig. 
1.  Then  if  we  are  told  how  many  lines,  spaced  equally, 
are  drawn  through  the  center  of  a  circle,  we  can  easilj, 
find  how  many  degrees  there  are  in  the  angle  included  be- 
tween any  two  of  these  lines.  Thus  suppose  there  arc 
eight  lines,  as  in  the  case  of  the  center  line  of  the  arms 
of  an  8-arm  flywheel.  Then  the  angle  made  by  any  twc 
adjacent  arms  is    3-|0    =  45  deg. 

The  Circle 

As  we  all  know,  the  circle  is  a  figure  bounded  by  a 
curved  line,  termed  its  circumference,  every  point  ol' 
which  is  equally  distant  from  a  point  called  the  center 

An  arc  of  a  circle  is  any  part  of  its  circumference,  as 
ABC,  Fig.  3.  If  we  know  how  many  degrees  there  ar( 
in  an  arc  we  know  directly  what  angle  will  be  formed  bj 
lines  drawn  from  its  extremes  or  ends  to  the  center  oJ 
the  circle  which  it  represents.  Conversely,  if  two  lines 
drawn  from  the  center  to  the  circumference  form  ar 
angle  of  a  given  number  of  degrees  they  will  meet  the 
circumference  at  the  ends  of  an  are  of  the  same  numbei 
of  degrees. 


Fig.  3 


Fig.  4 


Fig.  5 


Fig.   6 


The  radius  of  a  circle  is  a  straight  line  drawn  from  tk 
center  to  the  circumference,  as  the  line  OA,  Fig.  4.  When 
this  line  extends  all  the  way  across  the  circle,  as  at  D. 
Fig.  6,  it  is  called  a  diameter. 
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A  cliord  of  a  t-irck-  is  a  straight  line  joining  any  two 
)oints  on  the  circumference,  as  the  line  AC.  joining  the 
?n(ls  of  the  arc  ABC,  Fig.  5. 

A  .segment  of  a  circle  is  the  area  included  between  a 
■herd  and  the  arc,  as  the  shaded  part  in  Fig.  6.  The 
leight  of  a  segment  of  a  circle  is  the  di-stance  /;,  Fig.  6. 
\  segment  may  be  less,  equal  to,  or  greater  than  a  semi- 
;ircle  (half  circle). 

A  sector  of  a  circle  is  a  part  of  a  circle  shaped  like 
I  piece  of  pie.  Referring  to  Fig.  2.  the  area  included  be- 
;ween  the  lines  BOCB  is  a  sector. 

Practice  Questions 

(1)  (a)   How  many  right  angles  in  an  angle  of  186 

leg.?  (b)   How  many  45-deg.  angles? 

(8)  Is  a  -45-deg.  angle  an  obtuse  or  an  acute  angle? 

(3)  How  many  minutes  in  'i.i)iu    right  angles? 

Coppus  Turbo  Blower 

The  turbine  of  the  Coppus  boiler  turbo-blower.  Fig. 
[,  is  of  the  impulse  type.  Upon  the  periphery  of  the 
vheel  are  over  200  closely  spaced,  smooth-drawn  steel 
)uckets.  The  bucket  wheel  is  revolved  within  the  tur- 
)ine  casing  by  the  live-steam  jets.  The  steam  chamber 
s  of  minimum  dimensions,  to  reduce  radiation  losses, 
)eing  located  in  a  current  of  cold  air.  The  steam  passes 
hrough  three  nozzles,  one  of  which  is  connected  directly 
0  the  steam-supply  pipe  while  steam  to  the  other  two 
nay  be  shutoif  for  light  loads  by  hand-operated  valves. 
lA'ith  this  method  of  control,  steam  is  used  at  full  pres- 
ure.  The  nozzles  direct  the  steam  against  the  buckets  at 
m  angle  of  80  deg.  to  the  plane  of  rotation.  A  sectional 
iew  of  the  turbine  is  shown  in  Fig.  2. 

E.xhaust  steam  leaves  at  the  bottom  and  passes  thrcnigh 
m  elbow  formed  in  the  lower  side  of  the  easinti  and  dis- 


1.    (■ 


r-    Ti'iiBO-BLOWia: 


barges  in  an  tipwni-d  direction,  and  thoronglily  mingles 
nth  the  current  of  air,  raising  its  temperature  before 
ntering  the  ashpit.  If  desired,  tlie  exhaust  steam  can 
KB  piped  to  a   heating  or  drying  system. 

The  turliine  and  fan  shaft  is  su]iported  by  ball  l)ear- 
ngs  at  liotli  ends,  jiroteeted  against  dirt  and  dust  by 
lil-tiglit  covers.     The  ahiininuin  fan  wheel  is  of  the  pro- 


peller tvpe.  A  balanced  valve  in  the  turbo-steam  line 
regulates  the  draft.  The  lever  of  the  valve  is  connected 
to  the  damper  regulator  so  that  when  the  steam  pres- 
sure drops,  the  damper  is  opened  as  is  also  the  valve,  both 
operating  together.    The  blower  then  increases  its  revolu- 


v/^/^//////w/yy/^/y/////„,,,Jiijii/^,,,„„j^jjj^„y,, 
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Fig.  2.    Sectiox  THRorc.H  TrnBO-nLowER 

tions  and  runs  at  the  necessary  speed  until  the  steam 
gage  registerers  the  predetermined  pressure,  when  the 
damper  closes  and  the  blower  slows  down  automatically. 
This  blower  unit  is  made  by  the  Coppus  Engineering  & 
Equi])ment  Co.,  66  School  St..  Worcester,  Mass. 

Records  for  the  Isolated  Plant 

In  a  comparison  between  any  isdialed  plant  and  a 
central  .station,  it  is  very  important  to  know  exactly  the 
cost  of  producing  power,  ])articularly  in  the  case  of  the 
formei-,  so  that  the  rate  may  be  compared  to  that  ofFered 
liy  the  central  station.  To  obtain  some  valuable  data 
along  this  line  the  Engineers'  Blue  Room  Club,  of  Boston, 
is  distributing  plant  data  sheets  to  be  filled  out  by  engi- 
neers in  and  around  Boston  and  in  other  cities  through- 
out New  England. 

A  snmmary  of  the  data  on  a  large  number  of  these  rec- 
ords should  be  of  great  assistanc'c  in  determining  the 
status  of  any  particular  plant,  and  in  deciding  on  eco- 
nomical results  generally.  The  ilata  sheet  is  made  up 
under  headings  of  General  Data.  Cnsi  of  Power.  \'alua- 
tion  of  ?]quipmcnt.  Labor  and  Ilonrs  of  Operation,  Dis- 
tribution of  Power,  Distribution  of  Kxjienditure.s,  Detail 
<if  Operation  and  Equi]iinent,  Engines  and  Turbines,  Hle- 
vat(ns.  Refrigerating  Plant,  Heating  System,  Ventilating 
System  and  Hot-water  House  System.  Under  each  sid)- 
liead  a  number  of  items  are  to  be  filled  out,  so  that  coni- 
plete  infornnition  on  the  type  and  size  of  equipment  and 
cost  of  (ip<'rati(iM  will  appear  in  llic  remrd; 


The  effect  of  vanadium  In  plain  carbon-stf el  fasting:s  \s 
to  Increase  the  elastic  limit  iihout  30  per  cent..  Klvlnjr  a  much 
higher  proportion  of  avallulile  strenKth  for  the  same  ulti- 
mate    strength. 
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OVER    THE    SPILLWAY 

JUST     J  E  .S  T  S ,     JABS,     JOSHES     AND     JUMBLES 


Jacob  Shui't,  chief  engineer  over  to  the  Magnolia  lighting 
station,  according  to  the  social  column  of  the  "Magnolia 
Mirror,"  intends  spending  Saturday  night  with  his  parents  in 
Plainfield.   Good   luck,   Jake — and   good    night,    Shurtl 


Our  old  boyhood  chum.  Castor  Oil,  is  again  to  the  fore. 
''Gas  Power"  says  it  is  not  generally  known  that  castor  oil 
is  one  of  the  best  of  lubricants  for  gas-engine  cylinders. 
Good  old  "Cas."  While  we  could  never  really  learn  to  love 
him,  in  our  sober  moments  we  always  respected  him  for  his 
good  work. 


A  Brooklyn  mechanical  engineer  hopes  to  make  all  the 
heating  engineers  look  like  a  discarded  ice-floe.  He  "W'ants 
Congress  to  help  build  a  huge  jetty  over  the  Grand  Banks, 
thus  choking  off  the  Labrador  Current,  which  is  now  cooling 
the  Gulf  Stream.  Then  we'll  have  no  more  fogs  and  late 
springs,  you  can  live  in  Siberia  if  you  want  to  (some  people 
have  to),  and  Greenland's  icy  mountains  will  be  likened  to 
India's  coral  strands.  Twenty  million  is  the  price,  and  it's 
cheap  if  it   works. 


Some  of  our  contemporaries  certainly  do  distort  the  mean- 
ing of  their  headlines.  "Electrical  World"  says:  "Mr. 
Arthur  Williams  on  the  Electric  Vehicle.'"  Sounds  too  much 
like  a  new  type  of  water  wagon,  and  ^ve  know  better  of  Mr. 
Williams. 


It's  a  fine  summer  weather  this  winter,  Mawrus.  So  fine 
it  has  encouraged  the  Weather  Bureau  to  say  it  can  dope  out 
the  weather  a  year  in  advance  if  given  sufficient  appropria- 
tion. On  the  other  hand,  medical  science  says  that  if  we 
could  know  the  future  we  would  go  dippy.  Good  chance  for 
some   team-work    here. 


While  our  admiration  for  the  efficiency  disciples  is  un- 
bounded, we  must  take  exception  to  Dr.  Blackford's  state- 
ment that  blondes  and  brunettes  figure  in  the  work.  We 
see  the  danger  signal  on  our  domiciliary  semaphore  show- 
ing red  right  now.  The  doctor  says  some  things  about 
blondes  and  brunettes  that  no  father  of  a  family  could  make 
his  wife  believe  were  in  accordance  with  any  set  of  steam 
tables  we  know  of. 


"The  locomotive  raced  up  the  track,  overtook  the  work- 
man, and,  wonderful  to  relate,  hurled  him  unhurt  into  the 
Tvoods  alongside" — Daily  press.  It  would  have  been  even 
more  "wonderful"  if  the  locomotive  had  left  the  track  and 
chased  him   through   the   woods. 


Doctor  Tolman,  of  the  Museum  of  Safety,  says  that  too 
many  pants-pressers  and  yaps  are,  through  political  pull, 
made  safety  inspectors  of  shops  and  plants.  "Give  us  inspec- 
tors who  can  inspect.  Also,  what's  the  use  of  asking  the 
prospective  inspector  of  fiywheels  to  give  the  distance  be- 
tween New  York  and  San  Francisco?"  he  asks.  That's  it, 
what's   the    use? 


According  to  a  learned  professor,  "between  impure  water 
and  auto-intoxication  there  is  a  relation."  Further  dis- 
covery reveals  the  fact  that  some  of  the  "relations"  are  B. 
Aerogenes,  B.  Enteriditis  and  B.  Anaerobicus.  Cricky!  we 
thought  these  chaps  had  gone  home  to  Greece  to  help  fight 
the   Turks. 


Some  apparently  unreasonable  things  do  happen  now  and 
again.  A  water  tower  from  the  top  down  burns  up  (or 
down,  and  out);  a  fire-engine  house  is  leveled  by  the  demon 
flames;  a  retired  sea-captain.  40  years  at  sea,  is  drowned  in 
his  bathtub  at  home;  a  veteran  of  400,  more  or  less,  Indian 
skirmishes  keeps  his  boots  on  until  he  gets  home,  and  then 
runs  a  rusty  nail  in  his  toe  and  ptomaine  (no,  not  "toe" 
this  time,  printer)  poison  carries  him  off.  Truly,  as  Goethe 
said,  or  might  have  said,  the  more  we  live,  the  longer  we  find 
we   are    out. 


American  Roller  Bearing 

A  new  make  of  roller  bearing,  designei-l  to  run  with- 
out lubricants,  is  manufactured  by  the  American  Eoller 
Bearing  Co.,  Farmers'  Bank  Building,  Pittsburgh,  Peiin. 

This  bearing  consists  of  an  outer  hardened-steel  casing 
and  au  inner  hardened-steel  sleeve.     Between  these  are 


5pciC'njor,'oi:er  Roll'     LonqTypeof  Bearing 

Fig.  1.  Skution  through  Bearixg 

two  sets  of  rollers  of  two  sizes,  the  larger  being  the  bear- 
ing rollers,  the  smaller  the  spacing  or  idler  rollers.  These 
are  shown  in  Fig.  1.  The  small  rollers  are  ground  and 
run  on  a  track,  and  are  held  in  place  l)y  retaining  rings. 

The  bearing  is  suitable  for  all  kinds  of  work.  When 
used  for  line  shafting,  the  outer  sleeve  fits  into  a  shell, 
held  in  place  in  the  haiigei"  in  the  usual  niaiiiier. 


Fig.  l.  RoLLEii  Beai!ixg  ix  Loose  Pulley 

In  Fig.  2  is  shown  a  loose  pulley  fitted  with  this  kind 
of  a  bearing.  It  is  also  made  with  a  thrust  bearing,  as 
^hown. 


The  efl^ciency  of  compressed  air  can  be  greatly  increased 
by  reheating.  The  gains  are  both  direct  and  indirect,  the  chief 
direct  gain  being  in  the  greatly  increased  efficiency  of  fuel 
used  in  the  heating  stoves  as  compared  with  the  effect  when 
coal  is  burned  under  boilers.  It  is  commonly  stated,  and  the 
statement  is  fairly  correct,  that  when  1  lb.  of  coal  is  burned 
in  a  reheater  stove  the  commercial  effect  is  as  great  as  when 
3  lb.  are  burned  under  a  boiler.  The  increase  in  commercial 
efficiency  when  reheating  air  from  60  deg.  F.  to  400  deg.  F. 
may  be  put  at  35  per  cent.  The  indirect  gains  are  better 
lubrication  of  the  compressed-air  engine;  less  investment  re- 
quired, as  a  smaller  plant  will  be  needed;  reduction  of  com- 
pressor engine  friction  as  compared  with  the  useful  work 
done. 
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Developments  in  Oil  Burning 


By  E.  H.   Peabody 


SYNOPSIS — Characteristics  and  methods  of  haiidli?ig 
mechanical  atomizers,  effect  of  heating  oil,  control  of  ca- 
pacity, use  of  heavy  oil,  furnace  design,  Peabody  mechani- 
cal atomiser  ami  flat  spray  atomizers. 

With  the  coutiuued  increase  lu  oil  production  the  use 
of  this  fuel  is  rapidly  extending,  particularly  for  marine 
purposes,  and  it  seems  worth  while  to  point  out  some 
of  the  main  characteristics  of  the  mechanical  atomizer 
and  modern  methods  of  handlin<)-  it.  In  attempting  this 
the  writer  will  of  necessity  have  to  look  at  the  subject  from 
his  own  point  of  view,  and  in  the  light  of  his  own  experi- 
ence and  the  experiments  carried  out  by  I'lic  Rab- 
eock  &  Wilcox  Co. 

Commodore  Isherwood's  conclusions  of  some  forty 
years  ago  hold  good  today;  namely,  that  the  atomization 
of  the  oil,  as  distinguished  from  vaporization  or  gasifica- 
tion in  the  burner,  "is  the  only  method  that  has  been  at- 
tended with  success."'  The  vapor  systems,  while  success- 
ful in  metallurgical  work,  have  no  standing  in  boiler  prac- 


Mech.\xicat.  Spkayixg 


Several  methods  of  spraying  oil  by  mechanical  means 
have  been  suggested,  such  as  forcing  the  liquid  through 
a  very  fine  aperture,  forcing  a  jet  of  oil  at  high  velocity 
against  some  object  or  against  another  oil  jet,  throwing 
the  oil  oif  from  a  rapidly  revolving  table  or  disk,  or  giving- 
the  liquid  itself  a  whirling  motion  and  reducing  it  to- 
spray  by  centrifugal  force. 

In  1902  the  writer  tried  the  first  idea  and  succeeded 
in  making  a  very  poor  ilat-flame  mechanical  atomizer  by 
forcing  the  oil  between  two  flat  surfaces  pressed  closely 
together,  and  in  1907,  some  of  the  other  schemes.  The 
experiment  of  making  two  round  jets  of  oil  strike  each 
other  on  the  principle  of  the  -acet,_vlene  burner,  resulted 
in  a  flat  spray — not   fine  enough,   however,  with  heavy 


FI6.1    SCHUTTE    SPRAYER 


FI6.3  JONES  BURNER 
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Enlar^eii  View  of  Spindle 
FI6.5  THORNYCROFT   BURNER 


Fig.  G.    Picahouv  Flat  Speay 
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tice  as  they  show  no  gain  in  efficiency  but,  on  the  con- 
trary, result  in  poor  capacity,  the  latter  feature  alone 
making  them  undesirable  for  marine  use. 


EiFKCT  OF   Meatixi;  Oil, 


N'iSCOSITY 


'I'lie  value  of  heating  the  oil  is  to  reduce  the  viscosity 
of  the  liquid  so  that  it  can  be  forced  through  the  small 
pa.ssages  of  the  Ijurner  and  given  a  rapid  wliirling  effect 
sufficient  to  reduce  it  to  a  fine  s])ray  through  the  action 
of  centrifugal  force  when  liberated  from  the  lip.  While 
the  viscosity  i.s  tremendously  affected  by  changes  in  tem- 
perature at  the  lower  ranges,  very  little  difference  in  vis- 
cosity results  with  heating  or  cooling  as  the  temperatures 
iipjiroach  the  flash-point. 

With  all  ordinary  oils  it  may  be  considered  that  heating 
within  50  deg.  F.  of  the  flasii-point  will  be  sufficient  to 
render  the  oil  suitable  for  use  with  the  mechanical  burner, 
md  in  the  case  of  many  of  the  lighter  oils  even  this  heat- 
ing is  unnecessary,  the  oil  being  sufficiently  limpid  at 
ordinary  atmospheric  temperatures. 

•Abstract  of  paper  read  before  the  Society  of  Naval  Archi- 
tects and  Marine  Engineers,  New  York  City. 


oils  to  lie  practicable.  .\  niechniiical  atomizer,  or.  as  it 
was  called,  a  '"seU'-atomizer.""  consisting  of  eight  small 
jets  meeting  at  a  central  i)oinl.  was  jiatented  in  England 
in  1904:  by  Charles  Ferdinand  de  Kierkowski  Steuart.  It 
is  a  good  example  of  spraying  by  foi-cing  jets  of  oil  to 
strike  each  other,  but  otherwise  has  attained  no  import- 
ance in  the  art. 

The  only  method  of  atomizing  fuel  oil  mechanically 
which  has  attained  any  pra<tical  success  is  that  wherein 
the  oil  is  given  a  whirling  motion  inside  the  burner  tip. 
There  are  two  distinct  means  of  doing  this,  first,  by 
forcing  the  oil  through  a  passage  of  helical  form,  like 
a  screw  thread,  and  second,  by  delivering  the  oil  tangen- 
tially  to  a  circular  chamber  from  wliicb  there  is  a  central 
outlet. 

Fig.  1  is  an  illustration  of  the  first  form,  the  "spraying 
nozzle"  patented  in  the  United  States  in  1895  by  L. 
Schiitte.  Another  adaptation  of  the  same  idea  is  shown 
in  a  patent  taken  out  in  England  in  1899  by  James 
TTowden,  Fig.  2.  He  refers  to  lieating  the  oil  by  means 
of  live  or  exhaust  steam  or  the  waste  ga.ses,  pumping  it 
into  an  aeeiimulator  or  air  receiver  for  neutralizing  tiie 
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pulsations  of  the  pump,  and  then  projecting  the  oil  into 
the  furnace  in  the  form  of  fine  jets  or  spray  by  passing 
it  through  a  nozzle  having  helical  grooves  on  a  part  of  the 
spindle  within  the  nozzle,  so  as  to  impart  a  whirling 
motion  to  the  oil.  Howden's  burner  is  adjustable  in  that 
the  taper  spindle  moves  '"up  and  down"  in  the  taper  pas- 
sage leading  to  the  nozzle  orifice.  This  movement  of  the 
spindle  increases  or  decreases  the  area  of  the  outlet  pas- 
sage, thus  controlling  the  amount  of  oil  delivered  by  the 
burner,  but  the  helical  passage  is  not  affected. 

The  idea  of  delivering  the  oil  tangentially  to  a  chamber 
inside  the  nozzle  is  shown  in  a  burner  patented  in  Eng- 
land by  Albert  Edward  Jones  in  1907,  Fig.  3.  This  in- 
vention contemplates  the  use  of  a  gas  or  vapor  in  com- 
bination with  a  combustible  liquid  and  is  not  strictly 
a  mechanical  atomizer,  but  the  device  is  almost  a  dia- 
grammatic illustration  of  the  tangential  principle.  It 
may  be  considered  that  oil  is  forced  into  both  tangential 
passages,  or  that  only  one  is  used,  this  depending  only  on 
the  whirling  motion  of  the  oil  to  cause  the  spraying. 

A   so  called   ''nebulizer  of  the  heavier  Indrocarbons,"" 


velocity  of  the  liquid  through  the  tip,  while  attractive 
and  perhaps  well  sustained  in  theory,  has  no  particular 
value  in  practice.  It  is  a  fact  that  the  simpler  forms  of 
burners  which  do  not  possess  this  feature  are  quite  as,  if 
not  more,  successful  in  regular  operation  on  shipboard. 
The  manipulation  of  the  oil  pressure  acting  on  all  burners 
at  once  presents  in  itself  a  simple  means  for  the  control 
of  output  through  a  wide  range;  a  good  burner  will 
atomize  moderately  heavy  oil  with  an  oil  pressure  as 
low  as  30  lb.,  and  from  that  up  to  200  or  above.  If  this 
range  is  insufficient  to  meet  the  variable  steam  require- 
ments, then  it  is  easier  and  better  to  shut  down  a  portion 
of  the  burners  entirely  than  to  attempt  to  adjust  each 
individual  burner  separately,  particularly  as  it  is  im- 
portant to  regulate  the  quantity  of  air  for  combustion 
admitted  to  tlie  furnace  at  the  same  time  the  quantity 
of  oil  is  varied.  This  air  supply  can  easily  be  controlled 
for  all  burners  lyy  regulating  the  draft  pressure,  and  the 
air  can  be  closed  off  entirely  when  a  burner  is  shut  down. 
This  puts  the  question  of  air  supply  more  into  the  hands 
of  tlie  designer,  requiring  tlic  ojirrator  to  determine  only 


Fig.  7.   Peabody  Mechanical  Atomizek 
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patented  in  this  country  in  1908  by  Stringham  and 
Ehnendorf,  is  a  good  illustration  of  the  further  develop- 
ment of  the  tangential  principle  and  is  .shown  in  Fig. 

4.  This  apjjaratus  was  water-cooled,  a  precaution  not 
found  necessary  in  connection  with  boiler  furnaces. 

ilodifieation  or  combinations  of  the  tangential  and  hel- 
ical forms  of  burners  are  frequently  encountered  in  the 
art,  and  an  illustration  of  one  of  these  is  shown  in  Fig. 

5.  This  is  an  ingenious  burner  patented  in  England 
by  Sir  John  Thornycroft  in  1906,  in  which  it  may  be 
noticed  that  the  oil  passages  within  the  tip  are  made  vari- 
able in  area  of  cross-section  by  an  adjustment  of  the 
spindle,  thus  van-ing  the  quantitj'  of  oil  delivered  without 
alteration  of  either  oil  pressure  or  size  of  outlet  passage. 
This  renders  the  burner  adjustable  like  the  Howden, 
though  by  a  different  process,  in  that  in  the  Howden 
burner  the  helical  passages  remain  unaltered  and  only 
the  outlet  orifice  is  changed. 

Control  of  Capacity 

This  matter  of  adjustability^  of  an  oil  burner,  that  is, 
the  ability  to  change  the  quantity  of  oil  delivered  in  a 
given    time   without   changing   the   oil    pressure   or   the 


the  proper  conditions  of  draft  pressure  for  the  plant  as 
a  whole,  at  the  required  capacity. 

Effect  on  Heating 

Another  means  of  varying  the  quantity  of  oil  delivered 
by  all  burners  in  addition  to  alteration  of  oil  pressure 
is  available  in  alteration  of  oil  temperature.  Generally 
speaking,  under  working  conditions  any  increase  in  tem- 
perature of  the  oil  results  in  decreased  capacity  of  the 
burners,  the  pressure  remaining  the  same.  The  reverse 
is  the  case  at  low  temperatures,  the  critical  point  depend- 
ing on  the  relationsliip  between  viscosity  and  specific 
volume  of  the  oil  in  question. 

Eequirements  of  Meciiaxical  Burners 

It  •snll  be  obvious,  if  oil  is  to  be  atomized  by  centri- 
fugal force,  that  the  best  spray  will  be  obtained  by  giving 
the  oil  the  maximum  whirling  motion  and  reducing  to  a 
minimum  the  friction  in  the  burner  so  that  the  whirling 
motion  once  obtained  .shall  not  be  diminished  before  the 
oil  is  liberated.    It  would  appear  that  the  tests  should  be: 

1.  How  heavy  an  oil  will  a  burner  thoroughly  atomize? 

2.  What  pressure  and  temperature  are  necessary? 
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3.  What  degree  of  simplicity  has  been  attained  in  the 
design  ? 

Use  of  Hkavy  Oil 

Any  apparatus  which  will  not  handle  heavy  oil  will  have 
a  very  limited  usefulness.  Already  the  market  is  be- 
ginning to  be  sujjplied  with  very  heavy  oils  from  Mexico, 
there  is  considerable  crude  oil  in  California  below  15  deg. 
gravity,  and  the  tendency  will  be  more  and  more  to  use 
the  heavier  residnums.  In  a  few  years  we  will  be  using 
oils  of  13  to  15  deg.  Baume  as  commonly  as  we  are  con- 
suming oil  of  27  and  30  deg.  gravity  today. 

The  Babcock  &  Wilcox  Co.  recently  received  from  The 
Texas  Co.,  for  experimental  purposes,  some  Mcxiciin 
crude  oil  having  the  following  characteristics: 

Specific  gravit.v  at  60  deg.  F.    .  0.981 

Degrees  Baume  at  60  deg.  F. .  12  6 

Moisture  .and  silt 3.-5 

Flash-point 310 

Burning  point 347 

B.t.u  per  pound  (oil  as  received) 17,551 

In  appearance  this  oil  was  black  and  at  temperatures 
of  about  80  deg.  very  sticky  and  viscous.  On  heating  to 
2 1 2  deg.  it  turned  to  foam  owing  to  the  presence  of  so 
much  water,  and  this  failed  to  separate  out,  a  sample  of 
the  oil  being  thinned  down  with  ether  to  determine  the 
percentage.  Ordinary  settling  tanks  would  have  been 
])ractically  useless  as  the  oil  was  so  near  the  specific  grav- 
it.v of  water.  Tliis  oil  was,  however,  successfully  sprayed 
and  burned  under  natural  draft,  on  being  heated  to  270 
deg.  at  a  pressure  of  1()5  lb.  A  slight  amount  of  smoke 
was  formed  which  disappeared  on  a  slight  increase  in  the 
furnace  draft  above  0.12  in.  of  water.  The  most  note- 
worthy feature  of  the  experiment  was  that  the  capacity 
fell  off  about  40  per  cent,  from  that  obtained  with  the 
same  apparatus  with  oil  of  18  gravity. 

The  accompanying  table  of  densities  is  given  for  con- 
venient reference. 

DENSITY  OF  OIL 

Degrees  Specific  Pounds  Degrees  Specific  Pounds 

Baume  Gravit.v  per  Gallon  Baume  Gravit.v  per  Gallon 

12  0  986  8.22  24  0.913  7.61 

14  0.973  8.11  26  0  901  7.51 
in  0.960  8.00  28  0.890  7.42 

15  0  948  7.90  30  0  880  7.33 
20  0  936  7  80  32  0  869  7  24 
22  0  924  7.70 

Piahodv  Mkcii.wkal  Atomizer 

III  the  liglit  of  c.xiMTiiucnt-^  begun  in  ISHIT  we  have 
come  to  lielieve  that  the  best  rotative  efl'ect  on  the  oil  is 
produced  by  the  tangential  delivery  method,  and  it  seems 
plain  that  the  best  way  to  reduce  friction  is  to  reduce  the 
amount  of  surface  to  which  the  oil  is  exposed  in  its 
travels  through  the  burner  after  it  begins  to  whirl  and 
until  its  exit  from  the  tip.  (treat  importance  is  attached 
to  simplicity  in  everything  conne<'ted  with  oil  burning. 
Tlie  oil  burner  itself  should  be  of  simple  construction, 
easily  taken  apart,  anil  so  designed  that  when  taken  a))art 
all  the  small  jiassages  aiul  wearing  surfaces  will  be  ex- 
pelled for  inspection,  cleaning  and  repair. 

In  the  writer's  burner.  Fig.  7,  oil  is  delivered  under 
pressure  to  an  animhir  channel  cut  into  the  face  of  a 
nozzle  upon  which  is  screwed  a  tip  having  a  small  central 
chamber  communicatiiig  with  a  discharge  orillce.  Be- 
tween the  nozzle  and  the  tip  a  thin  washer  or  disk  is 
inserted  and  held  tirmly  in  place.  This  has  a  hole  in 
the  center  corresponding  with  the  diameter  of  the  central 
chamber  of  the  tip,  and  small  slots  or  ducts,  extending 


tangentially  from  the  edges  of  the  central  opening  out- 
ward toward  the  periphery  of  the  washer,  long  enough 
to  o\erlap  the  annular  channel  of  the  nozzle  and  put  it  in 
communication  with  the  central  chamber.  The  effect  is 
that  when  the  burner  is  assembled  with  the  washer  in 
lilace,  oil  is  delivered  through  the  ducts  tangentially  to 
I  he  central  chamber,  where  it  rapidly  revolves  and  almost 
immediately  is  discharged  through  the  orifice  in  the  tip. 

ClIAKACTER     OF     MeCHAXICAL     SPRAY     AXD     EfFECT     OX 

Combustion 

Ko  mechanical  atomizer  produces  a  revolving  spray,  but 
the  particles  of  oil  fly  off  in  straight  lines  under  the  in- 
fluence of  centrifugal  force,  thus  forming  a  hollow,  coni- 
cal spray.  The  fineness  of  this  spray,  i.  e.,  the  minuteness 
of  the  particles  forming  it,  has  a  most  important  bearing 
on  the  results  obtained  in  the  furnace.  It  is  possible 
with  some  forms  of  steam  atomizers  to  atomize  oil  so 
finely  that  no  flame  at  all  will  be  produced,  the  incan- 
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Fk;.  :t.   Furnace  of  Babcock  &  Wilcox  Boiler 

descent  combustion  chamber  lieing  filled  with  a  clear,  in- 
visible gas  and  every  brick  being  discernible. 

It  is  doubtful  if  this  condition  of  flameless  combustion 
can  lie  produced  with  mechanical  atomizers  and  heavy  oil, 
nor  is  it  desirable  under  any  circumstances,  for  the  simi)le 
reason  that  it  costs  too  much. 

With  |)roduction  of  flame,  however,  furnace  design 
assumes  an  added  imjiortance,  for  the  flame  must  be 
distributed  evenly  and  without  localizing  on  the  heating 
surfaces  of  the  boiler,  and  the  gases  must  be  given  time 
and  s])ace  in  which  to  expand  and  burn  as  nearly  as  pos- 
sible to  completion  before  being  cooled  and  the  flame  ex- 
tinguished by  contact  with  the  tubes  of  the  boiler.  These 
points  become  exceedingly  vital  when  the  boiler  is  forced 
to  the-  requirements  now  demanded  in  naval  service. 

Furnace  Dksiox 

Having  an  atomizer  that  will  produce  a  fine  spray  -mth 
heavy  oil  and  which  is  simple,  reliable  and  easily  handled. 
the  problem  becomes  one,  not  of  oil  burner,  but  of  furnaic 
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design  aud  air  distribution.  Our  work  has  been  earned 
on,  until  recently,  entirely  with  the  Babcock  &  AVilcos 
marine  boiler,  a  design  having  a  furnace  suited  for  any 
volatile  fuel  and  particularly  for  oil.  A  longitudinal 
section  through  this  boiler  fitted  with  mechanical  at- 
omizers is  shown  in  Fig.  9.  The  characteristics  of  this 
furnace  are:  Large  volume  in  proportion  to  the  heating 
surface  of  the  boiler ;  upward  slope  of  the  roof  toward  the 
rear,  resulting  in  increase  in  height  and  volume  in  the  di- 
rection of  the  entering  oil  spray  and  thus  providing  room 
for  the  expansion  and  diffusion  of  the  gases;  small 
amount  of  boiler  heating  surface  exposed,  and,  on  the 
contrary,  large  exposed  surface  of  incandescent  refractory 
material,  thus  tending  to  maintain  high  furnace  tempera- 
ture and  promote  complete  and  rapid  combustion  of  the 
oil;  tubes  almost  parallel  with  the  path  of  the  oil  spray 
injected  into  the  furnace  from  the  front,  thus  promoting 
proper  distribution  of  the  gases  along  the  tubes  and  pre- 
venting local  overheating;  outlet  from  the  furnace  at  the 
point  most  remote  from  the  location  of  the  atomizers, 
insuring  long  travel  of  the  gases;  and,  finally,  means  for 
bringing  the  heated  products  of  combustion  into  the 
closest  possible  contact  with  the  entire  amount  of  heating 
surface  of  the  boiler,  discharging  the  waste  gases  into 
the  uptake  at  temperatures  but  little  above  that  of  the 
steam  generated. 

[Reference  was  made  in  the  paper  to  the  tests  -made 
on  the  steam  yacht  "Idalia"  and  the  guarantee  tests 
for  the  "Wyoming,"  in  which  coal,  oil  and  a  combination 
of  the  two  were  used  as  fuel.  The  results  of  the  tests  with 
oil  fuel  were  published  in  Power  of  Aug.  1,  1911.  In 
both  eases  the  flat-blade  impeller  plate  was  found  to  be 
most  suitable,  and  a  considerable  number  of  small  burners 
and  impeller  plates  were  preferable  to  a  few  of  larger 
size.  In  the  "Wyoming"  an  evaporation  from  and  at  212 
deg.  F.  of  13.16  lb.  of  water  per  hour  was  obtained  and  a 
combustion  of  13.69  lb.  of  oil  per  cu.ft.  of  furnace  volume, 
which  is  equivalent  to  about  75.34  lb.  of  coal  per  square 
foot  of  grate  area  in  the  same  boiler. — Editor.] 

Flat  Spray  Ato:mizers 
Mention  has  been  made  of  a  fiat-flame  atomizer  formed 
of  two  flat  surfaces  pressed  together,  and  another  consist- 
ing of  two  round  oil  jets  striking  together.  Neither  of 
these  schemes  seemed  to  promise  very  much  in  the  way  of 
material  for  development.  Another  form  which  does 
seem  to  possess  some  merit  is  illustrated  in  Fig.  6.  This 
consists  of  a  means  for  giving  the  oil  a  rapid  whirling 
motion  as  in  the  case  of  the  round-flame  burner  and 
then  releasing  the  liquid  through  a  slot  in  the  side  of  the 
tip  in  a  plane  at  right  angles  with  the  axis  of  revolution 
instead  of  through  an  orifice  concentric  with  the  axis. 
It  is  apparent  that  centrifugal  force  will  here  come  into 
action  as  an  atomizing  agent  but  that  the  spray  will  be 
flat  instead  of  conical. 

{To  he  continued) 


On  an  average  a  man  dissipates  about  2.5  kw.-hr.  per  day. 
This  is  spent  partly  in  muscular  action,  partly  in  the  pro- 
duction of  heat  in  the  maintenance  of  the  body  temperature 
against  radiation.  There  is  thus  a  continual  power  con- 
sumption of  about  100  watts,  or  one-seventh  of  a  horse- 
power. About  one  half  of  this  is  spent  in  maintaining:  the 
body  temperature.  The  human  body  has  about  the  same  heat- 
ing effect  upon  the  surroundings  as  a  16-cp.  carbon  filament 
lamp. — "Scientific   American." 


Vance   Compound   Blowoff  Valve 

A  new  ijlowofi  valve  is  being  jjlaced  on  the  market  by 
the  George  M.  Xewhall  Engineering  Co.,  Philadelphia, 
Penu.  The  feature  of  its  construction  is  a  double-disk  ar- 
rangement to  protect  the  valve  seats  from  the  action  of 
sludge  and  scale  coming  from  the  boiler. 

Referring  to  the  illustration,  the  outside  plunger  pro- 
tects the  disk  valve  from  coming  in  contact  with  any 
destructive  elements,  no  matter  how  far  the  valve  is 
open  or  closed.  Each  valve  disk  seats  individually,  the 
plunger  first  aud  then  the  disk. 

When  the  phinger  passes  the  inlet  in  closing,  the  flow 
IS  practically  cut  off,  and  only  a  thin  sheet  of  water  passes 


Vance  Compound  Blowoff  Valve 

over  both  seats  to  clear  them  of  sediment,  until  the 
plunger  seats;  when  tight,  the  disk  valve  seats  with  no 
water  passing  through.  On  opening,  the  disk  valve  leaves 
its  seat  first,  because  the  spring  holds  the  plunger  in  place 
until  after  the  disk  valve  moves  up  into  the  protective 
I  overing  of  the  plunger  out  of  the  way. 

The  disk  valve  works  on  a  slip  joint,  and  is  easily  re- 
moved. Precaution  has  also  been  taken  to  protect  the 
\  alve  seats  by  placing  them  below  the  direct  line  of  the 
sludge  as  it  comes  from  the  boiler.  These  seats  are  re- 
movable for  regrinding  or  renewing.  All  working  parts 
are  bronze.  The  valve  stem  screws  through  a  bushing 
in  the  yoke  of  the  valve.  The  stuffing-boxes  are  deep  to 
insure  room  for  sufficient  packing  to  keep  the  valve  stem 
tight.     The  valve  is  made  extra  heavy  throughout. 

For  utilization  of  the  water  power  of  Finland,  and  for 
conducting  part  of  the  energy  obtained  at  St.  Petersburg,  a 
new  Belgian  share  company  will  be  established  in  Brussels 
with  a  capital  of  $6,000,000.  A  considerable  number  of  in- 
ternational banks,  it  is  said,  are  taking  part  in  the  sub- 
scription  to   the   foundation    capitaL 
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Goulds  Centrifugal  Fire  Pump  and 
Power  Head 

A  new  design  of  ceutrifugal  fire  pump,  made  by  the 
Goulds  Manufacturing  Co.,  Seneca  Falls,  N.  Y.,  is  fur- 
nished complete  with  pump,  direct-  or  alternating-current 
motor,  or  steam  turbine,  bedplate  and  all  fittings  required 
bj-  fire-insurance  companies :  it  has  also  been  approved 
by  the  Association  of  Mutual  Factory  Fire  Insurance 
Companies. 

Four  sizes  are  made,  with  capacities  of  500,  750,  1000 
and  loiJO  gal.  ,per  min.,  for  two,  three,  four  and  six  ef- 
fective fire  streams  respectively.  All  working  parts  are  of 
bronze  to  prevent  corrosive  action  from  the  water. 

The  500-gal.  equipment  for  two  effective  streams,  with 
250-ft.  leads  of  smooth  hose  and  li/s-in.  hose  nozzles,  pro- 
duces a  nozzle  pressure  of  50  lb.  per  sq.in.  and  an  ef- 
'fective  stream  in  a  modern  wind  reaching  a  vertical  height 
of  70  ft.  and  a  horizontal  distance  of  63  ft.  The  50-hp. 
motor  runs  at  1700  r.p.m.    The  overall  dimensions  of  the 


Marine    Engineers'  Convention  at 
Charleston,  S.  C. 

The  thirty-eighth  annual  convention  of  the  Marine  Engi- 
neers' Beneficial  Association  was  held  at  Charleston,  S.  C, 
during  the  week  commencing  Monday,  Jan.  20.  with  head- 
quarters  at   the  New   Charleston   Hotel. 

There  were  48  delegates  present  from  all  parts  of  the 
United  States,  and  16  supply  houses  were  represented.  The 
several  sessions  of  the  delegates  were  held  in  the  banquet 
hall  of  the  hotel,  where  considerable  important  business  "was 
transacted  with  dispatch.  The  delegates  and  visitors  were 
warmly  welcomed  to  Charleston  by  Mayor  John  P.  Grace 
and    other   prominent   city   officials. 

There  was  an  enjoyable  series  of  entertainments,  includ- 
ing automobile  rides  for  the  ladies,  an  "oyster  roast*'  at 
Schuetzen  Park,  an  entertainment  and  ball  at  the  German 
-Vrtillery  Hall,  and  a  steamboat  ride  to  Fort  Sumter.  The 
special  feature,  of  entertainment,  which  proved  a  fitting  con- 
clusion to  this  successful  convention,  was  the  smoker  on 
Thursday  night  at  the  German  Artillery  Hall,  to  which  the 
business  men,  manufacturers,  city  officials  and  other  inter- 
ested citizens  of  Charleston  were  invited.  A  splendid  vaude- 
ville performance  was  given  and  refreshments  of  all  kinds 
were  served. 

The  election   of  national   officers   by   the   Marine    Engineers' 
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complete  outfit  arc:  Length,  !•  ft.  7  in.;  width.  6  ft.  3  in.; 
height,  4  ft.  !)  in. 

A  new  power  head  has  also  been  developed  for  operat- 
ing cylinders  in  deep  wells  in  connection  with  pneumatic- 
pressure  water-supply  systems.  In  addition  to  pumping 
the  water  from  the  well,  it  also  supplies  the  air  pressure 
for  the,tank.  ComiJres.^ed  air  is  olitamed  by  a  special  air 
cylinder  mounted  on  the  frame  near  the  top.  The  plunger 
of  this  air  compressor  is  operated  ijy  a  rod  connected  to 
the  crank  rpd  of  the  working  head  by  an  e.xtension  of 
the  i)in  connecting  the  crank  rod  to  the  well  rod.  A  pi])e 
from  the  air  ('ylinder  connects  it  with  the  discharge  of  the 
working  head.  Tiiis  air  pipe  contains  a  check  valve  and 
the  necessary  couiilings.  A  cock  is  provided  so  that  the 
air  will  not  go  to  the  tank  when  it  is  open  and  the  outfit 
i.s  relieved  of  air  j)ressure  when  it  is  not  needed. 

By  taking  out  the  bolts  which  secure  tlio  well  cover  to 
liie  frame  and  disconnecting  the  well  rod,  the  plunger  can 
lie  withdrawn  from  the  well  without  disturbing  i)i]>c  con- 
nections or  moving  the  working  head.  The  gear  ratio  is 
5  to  1  and  the  tight  and  loose  pulleys  sup|jlicd  are  16x3 


Beneficial  Association  for  the  ensuing  year  resulted  as  fol- 
lows: William  F.  Yates,  president;  David  W.  Miller,  first 
vice-president;  George  H.  Bowen.  second  vice-president; 
Charles  N.  Vosburgh,  third  vice-president;  George  A.  Grubb, 
secretary;  Albert  J.  Jones,  treasurer;  William  S.  Brown, 
Frank  J.  Houghton  and  Edwin  P.  Groff  as  members  of  the 
advisory   board. 

At  the  closing  meeting  of  the  Supplymen's  Association 
the  following  officers  were  elected:  Charles  F.  Heitzman, 
president;  R.  R.  Row.  vice-president:  Charles  .\.  Wilhoft, 
secretary- treasurer. 

The  next  annual  meeting  will  be  held  at  Washington, 
D.    C,    in   January,    1914. 


Tests  of  double  check-valve  systems  are  matic  every  month 
by  the  water  department  of  Hartford.  Conn.  Fourteen  manu- 
facturing companies  in  the  city  now  maintain  these  systems 
on  fire  service  pipes  for  their  automatic  sprinklers.  The  sec- 
ondary water  supplies  are  obtained  from  the  Park  River  or 
other  polluted  sources  so  that  they  must  be  segregated  from 
the  city's  mains  carrying  water  for  domestic  use.  It  Is  Im- 
portant, however,  that  the  check  valves  be  In  proper  work- 
ing order  at  all  times  to  meet  emergencies  In  the  form  of 
larg  fires.  The  valves,  as  described  In  the  annual  report  of 
Caleb  M.  Savllle,  chief  engineer,  are  fitted  with  leakage  test- 
ing devices  and  automatic  alarms  which  ring  In  the  offices 
of  the  factory  superintendents.  The  monthly  tests,  according 
to  the  report,  have  shown  that  the  check  valves  are  operat- 
ing satisfactorily. 
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N.  A.  S.  E.  License  Committee  Report         Electricians   Make  Brave  Rescue 


Tlie  following  is  an  abstract  of  a  recent  report  made 
to  John  F.  McGratli.  national  president  of  the  National 
Association  of  Stationary  Engineers,  by  the  National  Li- 
cense Committee,  C.  H.  Wirmel,  John  J.  Coughliu  and 
James  Rostron: 

The  National  License  Committee  held  a  two-days'  session 
beginning  Saturday,  Dec.  14,  at  Pittsburgh.  Penn.  Proposed 
bills  submitted  by  the  states  of  Indiana  and  Oregon,  with 
a  few  minor  modifications,  were  approved.  The  Indiana  bill, 
submitted  by  Chairman  Heeger  of  the  state  committee,  and 
endorsed  by  all  of  the  state  engineers'  organizations,  pro- 
vided for  a  board  of  examiners  of  four  members,  the  chief  ex- 
aminer acting  as  president,  and  the  examining,  licensing  and 
classification  of  engineers  and  firemen.  The  examination  fee 
is  $3.  and  the  fee  for  renewals,  to  be  made  annually,  is  $3. 
thereby  making  the  department  self-sustaining.  The  examin- 
ing board  is  authorized  to  reduce  the  fees  when  they  exceed 
tlie   expense   of  operating   the   department. 

The  Oregon  bill.  "v\-hich. combines  an  engineer's  licence  law 
and  a  boiler-inspection  law.  is  a  model  of  its  Ivind  and 
framed  to  meet  present-day  requirements.  It  provides  for  a 
board  of  rules  of  four  members,  a  chief  inspector,  10  deputy 
inspectors  and  a  secretary;  all  inspectors  to  be  selected  by 
the  merit  system.  The  fee  for  internal-boiler  inspection  is 
$5,  and  that  for  inspection  while  in  operation,  $2.  It  further 
provides  for  the  examination,  classification  and  licensing  of 
engineers  and  firemen.  The  application  fee  is  $1.  and  the 
license  is  issued  foi  an  indeterminate  period  to  be  revolted 
for  cause  and  renewed  upon  affidavit,  when  destroyed  or  lost. 
Penalties  of  fines  and  imprisonment  are  provided  for  em- 
ployers and  engineers  violating  the  law.  Tile  annual  renewal 
and  license  fee  is  eliminated.  This,  together  with  the  re- 
quirement that  the  engineer  keep  a  dailj'  record  of  the  con- 
dition and  repair  of  all  boilers  carrying  over  251-lb.  pres- 
sure, are  two  very  important  features  that  should  commend 
the  bill  to  the  favorable  consideration  of  both  the  steam  user 
and   the   engineer. 

Mr.  Rostron  reported  that  Delaware,  having  made  four  at- 
tempts to  secure  a  state  law,  may  compromise  on  an  enabling 
act,  thus  giving  cities  the  right  to  enact  local  ordinances: 
that  Mr.  Case,  of  New  Jersey,  has  secured  over  10.000  signa- 
tures to  his  petition  for  a  license  law,  with  good  prospects 
of  passage  at  the  coming  session  of  the  legislature;  that  Mr. 
Lee.  of  the  New  York  license  committee,  will  call  a  meeting 
later  to  determine  the  future  policy  of  the  committee;  that 
the  Maryland  committee  reports  progress  on  its  proposed  bill; 
that  South  Carolina,  which  some  years  ago  made  a  futile 
effort  to  secure  a  law,  again  desires  to  take  up  the  matter 
and  ■will  negotiate  "n^ith  the  National  License  Committee  to 
that  end;  that  the  prospect  of  presenting  a  bill  to  the  Penn- 
sylvania   legislature    during    the    coming    session    was    likely. 

Mr.  Coughlin  reported  that  as  the  Kentucky  legislature 
would  not  meet  until  1914,  license  work  in  that  state  would 
be  deferred  until  that  time:  that  prospects  in  Indiana,  with 
all  engineer's  organizations  united  on  a  bill,  looked  favorable 
for   its  passage   at    the   coming  session   of  the   legislature. 

Mr.  TVirmel  reported  favorably  on  the  Michigan.  Illinois 
and  Wisconsin  state  bills  and  on  the  Aberdeen  (S.  D.)  ordi- 
nance: that  the  work  in  Ohio  to  broaden  the  scope  of  the 
boiler-inspeclion  law  and  to  eliminate  the  engineers'  license 
renewal  fee  would  be  submitted  to  the  legislature.  He  was 
authorized  to  confer  "with  National  President  McGrath  as  to 
lending  financial    assistance    to    the    several    state    committees. 

In  response  to  numerous  demands,  the  committee  decided 
to  secure  the  license  and  boiler-inspection  laws  of  the  na- 
tional government,  the  several  states  and  cities,  and  refer 
tliem  to  the  coming  national  convention  for  compilation  and 
publication.  Mr.  Rostron  was  assigned  to  look  after  the 
Eastern  states  and  Messrs.  Wirmel  and  Coughlin  to  the  Cen- 
tral   and    ■^"estern    states. 

License  Legislation  in  New  Jersey 

The  combined  associations  of  the  New  Jersey  N.  A.  S.  E. 
and  the  American  Order  of  Steam  Engineers  have  prepared 
a  proposed  "enabling"  law  to  be  presented  to  the  legislative 
bodies    of    that    state. 

If  passed  it  will  empower  the  board  of  aldermen  or  other 
governing  bodies  of  any  municipality  to  provide  by  ordinance 
for  the  examination  and  certification  of  persons  having  charge 
of  or  operating  stationary  and  portable  steam  engines  and 
boilers.  It  requires  that  the  charges  made  for  examination 
and    certification   shall   not  exceed    $2 


Charles  Sanges  and  Frank  Bettles,  electricians  of  the  Mo- 
bile Electric  Co.,  Mobile,  Ala.,  displayed  rare  bravery  recently 
in  rescuing  two  firemen  who  had  been  buried  beneath  the 
debris    in   a    fire    which    destroyed   the    Mobile   theater. 

Manager  Jackson,  of  the  Mobile  Electric  Co.,  said:  "These 
men  at  the  risk  of  their  lives,  were  lowered  by  ropes  at- 
tached to  their  belts  into  the  smoldering  tons  of  brick  to 
rescue  the  firemen.  The  red-hot  bricks  were  removed  and 
the  two  firemen  released  from  their  awful  predicament.  Al- 
though burned  and  blistered,  the  linemen  went  back  to  their 
work  after  receiving  medical  attention  and  resumed  their 
daily  duties." 


N.  A.  S.  E. 


Lantern 
Read 


Slide  Catalog 


The  catalog  of  lantern  slides  on  steam  turbines  issued  by 
the  National  Association  of  Stationary  Engineers  is  being 
sent  out  to  the  various  associations.  At  the  Kansas  City  con- 
vention the  association  directed  that  pictures  be  prepared  to 
illustrate  technical  subjects  and  a  scheme  started  for  loaning 
these   slides   to    subordinate    associations. 

Briefly,  the  plan  is  this:  Custodians  have  been  appointed 
in  12  cities  who  will  take  charge  of  the  slides  and  issue 
them  to  associations  on  application.  Fifteen  duplicate  sets 
are  to  be  prepared,  one  for  each  custodian,  with  two  sets  in 
some  of  the  larger  districts.  The  slides  on  steam  turbines 
have  already  been  sent  out;  the  second  set,  on  steam  boilers 
and  stokers,  will  be  sent  shortly,  followed  by  sets  of  pictures 
to  illustrate  gas  power  plants.  Other  subjects  are  in  prepa- 
ration. 

Apparently  the  scheme  is  a  good  one,  as  within  six  days 
from  the  date  the  application  blanks  were  issued,  one  of  the 
custodians  received  28  applications  for  the  slides.  Within  the 
next  month  there  will  be  three  subjects  in  circulation  and  15 
duplicate  copies.  The  N,  A.  S.  E.  will  supply  the  associations 
as    promptly    as    possible. 


OBITUARY 


JOHN    B.    PERKINS 

John  B.  Perkins,  of  the  John  B.  Perkins  Co.,  Boston,  died 
on  Jan.  19  at  his  late  home  in  Auburndale,  Mass.,  after  a 
lingering   illness,    at    the   age   of   43, 

Mr.  Perkins'  career  began  as  an  operating  engineer.  He 
was  chief  engineer  of  the  Watertown  pumping  station  be- 
fore entering  the  employ  of  the  Garlock  Packing  Co.  some 
eleven  years  ago.  Later  he  went  with  the  Crosby  Steam 
Gauge  &  Valve  Co.,  and  then  became  a  manufacturers'  agent, 
his  business  developing  into  the  formation  of  the  John  B. 
Perkins  Co.  A  man  of  strong  personality  and  determination, 
many  of  Mr.  Perkins'  friends  attribute  the  initial  cause  of 
his  death   to  overwork. 


R.  W.  Williamson,  for  the  past  three  years  city  electrician 
of  Shreveport,  La.,  and  local  representative  of  the  Louisiana 
Fire  Prevention  Bureau,  has  tendered  his  resignation  to 
accept   a   position   with    the    Alabama    Power   Co. 

Ed'v\'in  M.  McClintock,  superintendent  of  stations  of  the 
Union  Gas  &  Electric  Co.,  Cincinnati,  and  William  F.  Vance, 
chief  electrician  of  stations,  have  resigned  to  go  with  the 
Superior  Carbon  Specialty  Co.,  of  that  city.  Both  were  con- 
nected  with    the   company    over  nineteen    years. 

Col.  George  W.  Goethals,  chairman  and  chief  engineer  of 
the  Isthmian  Canal  Commission,  was  the  guest  of  honor  at  a 
dinner  given  bj^  the  Lehigh.  University  Club  of  Ne'w  York,  at 
the  Hotel  Astor,  Jan.  27.  Besides  members  of  the  club,  a 
number   of   prominent   engineers   were    invited   guests. 

Frank  F.  Fowle  has  severed  his  connection  with  the 
McGraw  Publishing  Co.  as  one  of  the  editors  of  "Electrical 
World."  and  will  resume  his  electrical  engineering  practice 
with  offices  at  66  Maiden  Lane.  New  York  City.  As  a  con- 
sulting electrical  engineer,  Mr.  Fowle  is  widely  known.  He 
is  a  member  of  the  American  Institute  of  Electrical  Engi- 
neers, the  Illuminating  Engineering  Society,  the  National 
Electric  Light  Association,  the  Railway  Signal  Association 
and   the   Technology   Club   of  New  York. 
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Hasty  Judgment  Is  Rash 


D 


ON'T  take  any  notice  of  what  he  says, 


been  in  the  business  a  few  days  and 
now  wants  to  give  suggestions  and  advice." 

One  sometimes  hears  remarks  of  this  nature 
even  among  machinists  and  engineers,  but  it 
behooves  us  all  to  think  twice  before  render- 
ing such  a  judgment.  We  may  be  quite  un- 
aware of  important  facts  concerning  the  per- 
son oflfering  advice,  and  as  sometimes  happens, 
the  best  of  help  and  suggestions  on  various 
subjects  may  come  from  unexpected  quarters. 

All  good  ideas  and  suggestions  do  not  neces- 
sarily come  from  the  people  who  have  grown 
gray  in  following  the  same  line  of  business. 

Years  ago  a  lighthouse  was  to  be  built  in 
the  English  Channel  to  mark  a  dangerous  spot. 
One  of  the  most  noted  architects  and  builders 
of  the  day  was  entrusted  with  the  work,  and  so 
confident  was  he,  because  of  his  previous  rec- 
ord and  experience,  that  upon  its  completion 
he  said  that  he  hoped  to  be  in  the  lighthouse 
in  as  bad  a  storm  as  could  be.  He  got  his 
wish,  for  he  was  in  the  lighthouse  and  lost  his 
life  when  it  was  beaten  down  during  a  heavy 
gale.  It  was  a  watchmaker  who  designed  the 
foundations  to  hold  the  next  lighthouse  upon 
that  spot  and  it  exists  to  this  day  as  a  monu- 
ment to  his  thought  and  skill.  This  is  the 
Eddystone  Lighthouse  outside  Plymouth 
Sound. 

Not  many  years  ago  a  traveling  piano  sales- 
man thought  he  had  an  idea  which  might  be 
turned  to  practical  use  and  today  that  same 
idea  has  developed  into  one  of  the  most  ef- 
ficient and  practical  of  rotar>'  pumjjs,  and  its 
manufacturers  are  kept  busy  tr\'ing  to  keep 
pace  with  the  orders. 

In  the  issue  of  Oct.  15,  appeared  the  follow- 
ing news  note: 


"Twenty  nine  college  professors  from  25  dif- 
erent  colleges  in  19  states  carry  their  dinner 
pails  and  earn  20  cents  an  hour  in  local  indus- 
trial plants.  They  have  forfeited  their  vacations 
that  they  might  get  more  practical  experience." 

Suppose,  for  instance,  that  the  helper  re- 
ferred to  should  happen  to  be  one  of  these  pro- 
fessors who  have  sacrificed  their  pleasure  to 
gain  practical  experience  and  so  combine 
practice  with  theory.  The  man  to  whom  he 
offers  advice  may  be  able  to  say  at  once,  by 
reason  of  years  of  practice,  that  the  suggestion 
is  not  practicable,  and  explain  very  simply 
why.  By  so  doing  the  business  of  engineer- 
ing as  a  whole  is  benefited  to  that  extent,  for 
the  professor  is  shown  something  he  had  not 
known  before  and  in  the  course  of  his  teaching 
will  be  able  to  reach  and  instruct  a  far  larger 
number  than  the  lone  engineer  who  was  really 
responsible  for  the  change  in  the  professor's 
ideas. 

On  the  other  hand  the  suggestion  may 
cause  the  engineer,  even  with  his  years  of 
practice,  to  see  things  in  quite  a  new  light  and 
help  him  to  reason  out  many  a  difficulty  for 
himself,  the  better  for  the  argument  advanced 
in  just  the  one  case. 

It  was  rather  a  long  shot  from  watchmaker 
to  lighthouse  designer  and  from  traveling 
])iano  salesman  to  pump  designer,  so  who 
knows  but  that  the  man  tendering  advice 
may  prove  your  benefactor  instead  of  a  bene- 
ficiary. 

When  advice  is  offered  think  it  over  care- 
fully. Do  not  let  the  seeming  unimportance 
of  the  person  who  offers  it  cause  you  to  de- 
preciate an  idea  that  is  really  worthy  and 
l)ractical. 

[Cat!  Iri  bit  ted  by  P.  J.  Leaman,  S.  S.  Texan, 
Puerto  Mexico,  Mex.] 
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Remodeling  a  Hotel  Power  Plant 


By  AV.  E.  Baknky 


SYXOPSIS — A  description  of  some  of  the  difficulties 
encountered  in  remodeling  a  hotel  power  plant  ivhile 
continuing  to  supply  the  house  with  power,  light  and 
heat.  The  work  consisted  not  only  of  clianging  the  pip- 
ing and  suhstituting  a  new  for  an  old  engine,  but  also  of 
removing  three  boilers  and  installing   new   ones. 

The  Copley  Sqiiare  Hotel,  iu  Boston,  Mass.,  was  built 
20  years  ago.  At  this  time  there  were  installed  a  700- 
light  gas  meter,  two  60-in.  by  13-ft.  horizontal  return- 
tubular  boilers,  two  hydraulic  elevators,  two  high-pres- 
sure tanks  36-in.  by  12-ft.  double-deck  type  and  one  6x7- 
I't.  upright  discharge  tank.  A  central-station  company 
furnished  the  lighting.  Its  lines -came  in  at  the  top  of 
the  building  and  ran  down  through  the  three  light  shafts. 
The  three-wire  system  had  a  double-throw  switch  at  the 
top  of  each  shaft,  link  fiises  at  eacli  floor,  and  link  fuses 
m  each  hallway. 

When  a  fuse  burned  out  the  engineer  clung  to  the 
seventh-story  window  casing  with  one  hand  and  put  a 
fuse  in  with  the  other. 

These  link  fuses  were  all  over  the  house,  although  the 
wiring  was  concealed,  except  in  the  ba.sement  and  kitchen. 
Some  of  these  circuits  were  connected  with  fuse  wire  in- 
stead of  being  wired  properly.  Later  on  an  engine  and 
belt-driven,  300-amp.,  110-volt  generator  was  installed. 
There  was  one  feed  pump  for  boilers. 

When  the  writer  took  charge  of  this  plant  in  1909, 
tiiree  boilers  were  bulged  and  one  had  no  brickwork  un- 
der the  lugs;  the  combustion  chamber  was  18  ft.  deep  and 
an  18-ft.  by  24-in.  smoke  flue  ran  to  a  30-in.  stack.  The 
draft  was  poor  and  the  boilers  were  filled  with  scale  % 
in.  thick.  There  was  no  cleanout  at  the  base  of  the  chim- 
i;ey.  Most  of  the  piping  leaked  at  the  joints,  and  a 
siphon  was  kept  running  24  hr.  per  day  to  keep  water 
out  of  the  engine  room,  and  then  it  was  necessary  to 
walk  on  a  2-in.  plank  as  the  water,  grease  and  oil  stood 
about  1  in.  deep. 

The  help  left  when  repairs  were  commenced,  thinking 
life  too  short  to  start  remodeling  the  plant.  Eenewing 
valve  seats  and  taking  out  old  pipe  was  no  small  task,  as, 
figuratively  speaking,  there  was  enough  pipe  for  two  sim- 
ilar hotels.  The  main  pipes  in  the  heating  system  were 
in  fair  condition.  On  one  side  I  found  three  sizes  of 
pipe  in  the  main  line  from  4  in.  down  to  2  in.  The  re- 
turns were  underground  and  some  of  the  pipes  were  leak- 
ing, which  made  it  diSicult  to  get  steam  to  the  top  of  the 
building. 

The  first  winter  it  was  necessary  to  work  day  and  night. 
Eventually  it  was  decided  to  sell  an  old  Corliss  engine 
and  other  old  machinery  and  install  a  new  engine.  The 
].>roblem  of  removing  the  old  16-ft.  split  flywheel  without 
tearing  down  the  building  had  to  be  solved.  After  meas- 
uring the  skylight  in  the  sidewalk,  it  was  evident  that 
the  wheel  would  clear  by  about  6  in.  After  the  wheel 
was  in  the  pit  under  the  sidewalk,  there  was  4  in.  to 
spare.  When  changing  the  piping  and  heater  it  was 
found  that  the  exhaust  pipe  from  the  engine  in  use  was 
about  6  in.  under  the  cement  floor  and  with  no  drip ;  it 
ran  up  2  ft.  into  the  heater.  The  drips  on  the  engine 
were  piped  to  a  trap  which  discharged  into  the  sewer. 


A  new  switchboard  was  being  put  in,  and  the  inspectors 
condemned  the  wiring,  which  made  more  work.  The 
basement  was  rewired,  also  the  kitchen  and  air  shafts,  and 
cabinets  with  plug  fuses  were  put  in  all  over  the  building. 
When  this  work  was  going  on  the  electric  company  in- 
stalled a  25-kw.  meter,  and  by  running  the  engine  231A 
hr.  per  day  the  service  was  maintained  uninterrupted. 

Connecting  the  different  circuits  was  accomplished 
without  any  inconvenience  to  the  hotel.  The  fir.st  month 
after  running  the  new  machine,  and  stopping  some  leaks, 
quite  a  saving  was  made  in  fuel.  The  coal  bill  in  Janu- 
ary, 1909,  was  $826.79,  but  in  January,  1910,  was  only 
$720.33;  this  was  better  than  was  expected.  In  March, 
1910,  the  bulged  boiler  No.  3  was  condemned.  The  blow- 
off  pipe  in  No.  2  was  clogged  solid  with  scale,  and  troubles 
began  to  increase. 

After  figuring  the  cost  of  opening  the  building  to  be 
$1500,  and  to  repair  the  boiler  $1000,  it  was  decided  ad- 
visable to  install  new  equipment,  for  the  other  two  boilers 
had  lap  seams  and  were  19  years  old,  so  that  their  pres- 
sure would  have  to  be  reduced  the  next  year.  The  re- 
pair bill,  therefore,  would  be  a  total  loss,  as  the  plant 
could  not  be  run  with  less  than  85  lb.  pressure.  It  wa.< 
proposed  to  install  new  boilers  and  elevator  tanks,  a  new 
elevator  pump,  and  cut  out  the  old  annex  plant.  The 
old  boilers  faced  toward  Blagden  St.,  and  it  was  planned 
to  face  the  new  boilers  toward  Exeter  St.  at  the  rear  of 
the  old  boilers.  Bids  were  called  for  opening  the  build- 
ing, removing  old  material,  shoring  up  the  building,  mak- 
ing foundations,  which  must  be  water-tight,  and  for  in- 
stalling three  66-in.  by  16-ft.  horizontal  return -tubular 
boilers,  two  5xl4-ft.  double-deck  high-pressure  tanks,  one 
5  and  6  by  16-ft.  discharge  tank,  one  18  and  12  by  24-in. 
duplex  pump,  one  20  and  12  by  18-in.  pump,  and  two  feed 
launps. 

Several  contractors  refused  to  bid,  claiming  it  would 
be  impossible  to  comply  with  the  plans.  However,  in 
July,  1910,  the  work  of  taking  down  the  old  pipe  began 
and  No.  4  boiler  was  also  removed,  after  which  the  first 
shoring  started.  I-beams  were  placed  in  position  and  the 
excavating  for  No.  3  new  boiler  progressed  rapidly  until 
we  struck  some  old  piles  and  soon  had  water  coming  in  at 
a  rate  of  about  500  gal.  per  min.  A  cement  partition 
wall  was  built  at  the  rear  of  the  old  No.  3  boiler  so  as 
not  to  flood  Nos.  1  and  2.  It  was  found  practicable  to  run 
the  smoke  flue  at  the  front  of  the  boilers  instead  of  on 
top  and  with  less  initial  expense. 

After  piping  the  engines,  the  engine  company  wanted 
to  equalize  the  machines,  as  the  three  old  boilers  would 
not  make  enough  steam  to  run  both  engines,  but  with  the 
new  boiler  enough  steam  was  obtained  to  carry  the  load 
with  a  variation  of  5  lb.  in  two  10-hr.  runs.  The  dis- 
mantling of  boilers  Nos.  1  and  2  was  next  started,  so  as 
to  shore  up  the  building  after  taking  down  the  wall  to 
the  piles ;  also  to  make  a  foundation  for  iron  columns 
upon  which  15-in.  iron  beams  rested  crosswise  to  hold  up 
the  building.  This  work  had  to  be  done  before  the  rest 
of  the  material  could  be  removed. 

After  removing  the  two  old  boilers  the  foundations  for 
the  new  ones  were  put  in.  I-beams  were  placed  from  the 
inside  partition  wall  to  four  piles  and  from  these  piles 
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too  tlie  outside  building  wall,  going  underneath  the  hy- 
draulic elevators  without  stopping  them.  Then  the  last 
connection  to  the  stack  from  the  flue  was  in  order.  It 
was  proposed  to  run  the  engine  to  furnish  lights  as  long 
as  we  had  steam  and  iise  lanterns  until  we  finished.  The 
size  of  the  new  flue  was  36x-12  in.,  and  the  work  was 
started  at  midnight  with  a  load  of  100  amp.,  110  lb.  of 
steam  and  three  gages  of  water,  and  a  irnod  fire,  the  ele- 


elcvators  were  connected  to  the  high-pressure  tank  and 
the  annex  plant  shut  down.  All  elevators  were  repaired, 
which  completed  the  work,  with  the  exception  of  a  little 
pipe  covering. 

The  saving  in  fuel  was  surprising,  although  the  price 
of  coal  was  25c.  per  ton  higher  than  in  1909.  The  fuel 
bill  in  January,  1912,  was  $545.83  as  against  $826.79  in 
January,  1909.     With  this  saving  of  fuel  and  a  wage  of 
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vator  .service  was  shut  off,  and  at  5:15  a.m.  the  flue  was 
connected  to  the  chimney,  the  engine  running  all  this 
time,  the  gage  on  the  boiler  showing  40  lb.  and  one 
gage  of  water.  Although  the  bricks  were  out  around  the 
flue,  the  fireman  was  ordered  to  get  up  steam,  and  at  6:15 
there  was  95-lb.  elevator  .service  and  steam  for  the  kitchen 
all  ready  for  the  day's  run.  The  brickwork  was  all  com- 
pleted by  H  a.m. 

Before  Xos.  1  and  2  lioilcrs  were  set,  the  elevator  ser- 
vice had  to  bo  removed  and  new  tanks  and  pumps  in- 
stalled and  foundations  made  for  them.  We  started  at 
midnight  to  lake  out  piping,  removed  the  elevator  pump 
and  doul)lo-deck  tanks  the  next  day,  and  that  night  built 
foundations  for  the  tanks  and  in  one  week  the  two  ele- 
vators in  the  hotel  were  running.     After  this  the  annex 


$50  per  month,  having  let  one  fireman  go,  saving  on  water, 
cils  and  packings,  the  economy  of  the  present  plant  is 
enough  greater  than  before  to  more  than  pay  the  interest 
on  the  cost  of  installation. 


An  open  competitive  e.xamin.il  Ion  for  electrical  .Tssistant 
will  be  held  on  Feb.  26.  at  the  nhues  mentioned  on  Circular 
No.  81,  Issued  by  the  United  States  Civil  Service  CommLssion. 
The  salary  is  $1080  per  annum.  Applicants  should  be  fa- 
miliar with  the  practical  side  of  electricity  as  .npplied  to  tele- 
(?raph.  telephone  and  kindred  cnt^lneerinp  and  should  be  fa- 
miliar also  with  the  equipment  and  methods  of  installation  of 
telephones,  storage  batteries,  motor  Kcnerators.  auxiliary 
power  switchboards,  telephone  switchboards  and  with  wire 
and  radlo-telcKraph  apparatus.  Form  1312.  which  can  be  had 
from  the  Civil  Service  Commission,  contains  the  requirements 
for  applicants   desiring   to   take   this   examination. 
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The  Field  for  Small  Steam  Turbines* 


i-iY    W. 


A.  London  a.nd  Asiilky  1'.   I'lXK 


i^YSOPSIS — Discussion  of  the  consideration  of  effi- 
ciency  from  the  commercial  standpoint  and  the  field  of  an- 
plicalion  where  small  steam  turbines  are  especially  de- 
sirable. 

The  authors  wish  at  the  outset  to  emphasize  the  fact 
rhat  there  is  a  marked  diilerenoe  between  the  fiekl  aud 
requirements  of  the  larger  aud  the  smaller  turbines.  In 
large  steam-turbine  work,  efficiency  is  of  paramount  im- 
l>ortance  and  is  the  basis  of  all  designs.  The  machine  is 
developed  to  obtain  maximum  efficiency  under  the  given 
conditions  and  no  reasonable  expense  is  spared  to  attain 
this  end.  In  other  words,  the  designer,  while  naturally 
building  his  machine  as  cheaply  as  possible,  must  not 
consider  expense  in  construction  if  any  cheaper  design 
would  affect  the  efficiency  in  the  smallest  degree. 

The  designers  of  small  steam  turbines  are  confronted 
with  an  entirely  different  proposition.  To  fulfill  the  re- 
cpiirements  of  the  market  these  machines  must  be  made 
in  quantities.  Further,  they  must  be  made  to  sell  as 
cheaply  as  possible  and  yet  meet  certain  efficiency  guar- 
antees. 

Sometimes  a  machine  will  be  sold  on  its  water-rate  per- 
formance. At  other  times  steam  economy  is  of  no  con- 
sequence, and  then  the  machine  is  obviously  sold  on  de- 
sign or  price.  However,  it  should  be  understood  that  a 
standard  frame  must  fill  the  requirements  of  both. 

The  duties  now  required  of  small  steam  turbines  de- 
mand at  the  outset  absolute  reliability  so  that  efficiency 
must  not  be  considered  at  the  expense  of  reliability  and 
cost. 

It  is  a  mistake  to  assume  that  the  average  thermal  effi- 
ciency of,  say,  40  to  4.5  per  cent,  which  is  now  obtained 
with  small  turbines  operating  under  standard  conditions 
is  the  maximum  possible  for  this  tyi)e  of  machine.  There 
is  no  reason  why  small  machines  cannot  be  built  to  ap- 
proach the  thermal  efficiency  obtained  on  larger  machines 
of  65  to  70  per  cent.,  but  up  to  the  present  this  effi- 
ciency has  not  been  demanded,  nor  (and  this  is  more  im- 
portant) has  the  customer  been  willing  to  pay  for  it :  and 
further,  we  think  we  will  be  able  to  show  that  there  is  no 
necessity  for  such  an  efficiency.  The  theory  of  the  steam 
turbine  is  no  longer  the  mysterj-  it  was  ten  or  even  five 
years  ago  and  it  is  well  known  that  the  various  makes 
of  small  steam  turbines  are  of  the  impulse  t\'pe,  as  this 
lends  itself  better  to  compact  design,  which  is  the  prime 
feature  of  all  small  turbines.  In  the  impulse  type  (so 
called)  the  steam  is  expanded  in  a  nozzle  or  jet  and  the 
kinetic  energy  of  this  jet  is  absorbed  in  passing  one  or 
more  times  through  the  buckets  of  the  turbine  rotor.  The 
•efficiency  obtainable  by  a  certain  design  is  no  longer 
guess  work  and  the  two  factors  governing  this  efficiency 
are,  first,  peripheral  speed  and,  second,  number  of  stages 
or  passes  of  the  steam  through  the  buckets  of  the  rotor. 

S^i.^LL  Impulse  Steam  Turbines 

may  be  divided  into  two  general  types :  single  stage  and 
multi  stage.     In  the  first  the  steam  may  pa-ss  from  the 

•Abstract  of  a  paper  presented  at  the  fifth  annual  con- 
vention of  the  Association  of  Railway  Electrical  Engineers, 
Chicago,    Oct.    21-25. 


jets  once  through  the  buckets  and  thence  out,  or  in  the 
multi-velocity  single-stage  type,  the  steam  may  reverse 
and  reenter  the  rotor  two  or  more  times,  its  velocity  en- 
ergy being  extracted  successively  with  each  reversal. 

In  the  multi-stage  turbine  the  steam  is  expanded  suc- 
cessively through  two  or  more  single-  or  multi-velocity 
stages,  imparting  to  each  stage  a  part  of  its  energj-  dur- 
ing expansion. 

It  has  been  demonstrated  that  with  single-stage  tur- 
bines, employing  the  multi-velocity  principle,  the  maxi- 
mum thermal  efficiency  is  obtainable  with  only  two  re- 
versals; in  other  words,  the  wheel-rim  velocity  must  be 
substantially  one-quarter  of  the  steam  velocity.  It  has 
also  been  demonstrated  by  Prof.  Stumpf  and  others  that 
an  efficiency  of  60  to  65  per  cent,  can  be  obtained  on  a 
single  wheel.  A  single-stage  machine  running  noncon- 
densiug  with  a  wheel  2  ft.  in  diameter  running  at  2500 
r.p.m.  employing  about  three  or  four  reversals  will  give 
an  efficiency  of  40  per  cent.  The  same  turbine  to  give, 
say,  60  per  cent,  efficiency  would  have  to  have  a  4.5-ft. 
wheel.  Experience  has  shown  that  the  cost  of  small  tur- 
bines follows  very  closely  the  square  of  the  diameter.  For 
example,  a  100-hp.  machine  designed  for  40  per  cent, 
efficiency  would  sell  for  approximately  one-fifth  the  cost 
of  an  equal  capacity  turbine,  developing  60  per  cent,  ther- 
mal efficiency. 

Another  consideration  is  that  in  the  higher  efficiency 
turbine  the  wheel  stresses  alone  would  be  five  times  those 
in  the  commercial  type  of  machine. 

Again,  considering  the  case  of  a  multi-stage  machine, 
the  number  of  stages  vary  inversely  as  the  square  of  the 
velocity  per  stage.  That  is,  a  turbine  operating  under 
duplicate  conditions  to  those  mentioned  and  having  a 
thermal  efficiency  of  40  per  cent,  would  have  about  five 
stages.  To  obtain  the  60  per  cent,  it  would  require  25 
stages,  giving  a  difference  in  cost  practically  equal  to  that 
mentioned  previously  for  the  single-stage  machine. 

The  foregoing  shows  that  whichever  way  is  taken  and 
whatever  type  of  machine  is  used,  efficiency  can  only  be 
obtained  at  the  expense  of  first  cost.  In  large  turbines, 
why  a  customer  should  decide  on  a  higher-priced  ma- 
chine with  a  better  water  rate  can  easily  be  shown.  For 
instance,  with  a  5000-kw.  machine  having  a  steam  con- 
sumption of  16  lb.  per  kw.-hr.,  if  the  consumption  were 
reduced  to  15  lb.,  and  assuming  10  per  cent,  interest  on 
the  money  invested,  the  purchaser  could  afford  to  pay 
$36,000  e.xtra. 

That  this  argument  does  not  hold  good  with  the  smaller 
units  is  easily  demonstrated.  Take,  for  instance,  a  30- 
kw.  generator  with  a  water  rate  of,  say,  60  lb.  per  kw.-hr. 
One  pound  saving  in  the  steam  consumption  of  this  unit 
.should   raise  the  price  approximately  15  per  cent. 

These  points  are  brought  out  to  show  that  while  effi- 
ciency in  small  turbines  is  often  discussed  by  the  piir- 
chaser  as  of  vital  importance,  when  it  comes  to  buying 
the  machine  he  is  not  consistent.  If  the  price  is  the 
same  and  the  water  rate  is  better  in  one  than  another  he 
will  naturally  favor  the  more  efficient  machine,  but  does 
he  bear  in  mind  that  higher  efficiency  can  only  be  ob- 
tained at  the  expense  of  reliability?    In  single-stage  ma- 
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chines  the  hirger  the  wheel  tlie  greater  tlie  duties  on  the 
bearings,  also  the  increased  tendency  to  distortion.  In 
the  multi-stage  machine  the  more  stages  the  more  in- 
ternal glands. 

Considering  first  the  api)lication  of 

Small  Steam  TriiBixEs  fok  Dkivixg  Auxiliaries 

in  large  power  plants,  such  as  exciters,  boiler-feed,  cir- 
culating and  hotwell  pumps,  it  is  now  acknowledged 
standard  practice  in  uptodate  power  houses  to  run  such 
auxiliaries  by  steam  and  to  run  these  machines  noncon- 
densing,  exhausting  into  feed-water  heaters.  A  heat  bal- 
ance will  show  that  in  the  average  power  house  the  ex- 
haust from  the  auxiliaries  can  all  be  taken  care  of  in  the 
feed-water  heater,  so  that  the  steam  economy  proper  in 
the  smaller  unit  itself  is  not  very  important.  The  steam 
turbine  is  therefore  being  adopted  more  and  more  for 
auxiliary  drive  only  because  of  its  many  obvious  advan- 
tages. The  increased  use  of  superheated  steam  and  the 
troubles  that  are  experienced  with  it  in  small  reciprocat- 
ing engines  is  one  of  the  main  reasons  for  the  rapid 
progress  made  by  the  turbine-driven  auxiliaries.  Again, 
the  growing  tendency  to  reduce  station  costs  by  employ- 
ing cheap  labor  necessitates  apparatus  that  is  simple  and 
■'foolproof."  The  turbine  resembles  the  electric  motor 
in  its  simplicity — the  lubrication  and  attendance  being 
about  the  same,  whereas  the  marked  advantage  of  having 
the  source  of  power  taken  direct  from  the  boiler  in- 
stead of  through  any  intermediate  source  naturally  has 
many  advantages  over  the  electric  motor,  especially  when 
the  unit  is  placed  in  the  basement  where  electrical  leaks 
are  likely  to  cause  serious  damage. 

As  an  approved  form  of  prime  mover  for  alternating- 
current  and  direct-current  generators  for  power  and 
light  in  shops,  etc.,  and  for  "head-end"  lighting  and  stor- 
age-battery charging  the  turbine  now  occupies  an  im- 
portant position.  It  is  compact,  requiring  small  floor 
space;  simple  in  construction;  requires  but  little  atten- 
tion and  practically  no  adjustments  during  long  periods 
of  operation,  and  has  an  almost  negligible  maintenance 
cost.  The  lubrication  is  entirely  automatic,  being  of  the 
ring-oiling  or  forced-feed  type. 

Advantages  over  REcii'iioiATixG  E.vgixes 

A  marked  advantage  of  the  steam  turbine  over  tlie  re- 
ciprocating engine  where  the  exhaust  steam  is  utilized 
for  manufacturing  purposes  lies  in  the  fact  that  the  steam 
turbine  delivers  absolutely  clean  steam  without  any  cyl- 
inder oil  in  it  as  in  the  steam  from  the  reciprocating  en- 
gine and  without  the  necessity  and  uncertainties  of  oil 
extractors  in  the  exhaust  lines. 

Another  feature  favoring  tlie  steam  turbine  is  its  re- 
markable maintained  efficiency  as  compared  with  recipro- 
cating engines.  The  turbine  will  hold  its  original  effi- 
f  ieiicy  for  long  i)eriods  as  there  is  no  appreciable  wear 
on  the  buckets  or  jets,  therefore,  no  change  in  shape, 
while  the  reciprocating  engine  depends  for  obtaining  its 
guaranteed  water  rate,  upon  a  minimum  friction  loss 
and  aiisolutely  .'iteam-tight  valxes. 

That  uptodate  station  engineers  apprecialc  thnl  the  re- 
liability of  the  auxiliary  apparatus  is  infinitely  more  im- 
portant than  the  individual  unit  efficiency  cannot  be  bet- 
ter demfinstratcd  than  by  citing  several  stations  where 
steam  turbines  are  used  for  driving  such  apparatus  as  cir- 


culating pumps,  the  speed  of  which  is  far  below  tliat  of 
even  reasonably  efficient  conditions. 

Several  modern  stations  are  now  equipped  with  small 
turbines  operating  at  no  higher  speecl  than  1000  r.p.m. 
and  in  one  instance  a  turbine  is  installed  for  pump  work 
at  as  low  a  speed  as  550  r.p.m.  This  last  machine  has  a. 
water  rate  of  65.6  lb.  as  against  36.7  lb.  per  b.hp.  that 
would  be  expected  from  a  reciprocating  engine.  There 
is  obviously  only  one  r':ason  why  turbines  were  installed 
in  these  stations,  and  that  is  their  absolute  reliability. 

We  are  all  inclined,  in  looking  through  a  power  house,, 
to  consider  the  apparatus  in  the  following  order  of  im- 
portance :  the  main  generators,  the  boilers  and,  lastly,  the 
boiler-feed  pumps.  We  never  give  the  matter  a  thought 
that  if  the  boiler-feed  pumps  go  out  of  commission,  the 
whole  plant  would  be  shut  down.  Again,  take  the  ques- 
tion of  condenser  pumps.  If  these  go  out  of  order,  on  a 
5000-kw.  machine  and  the  machine  switches  over  to  at- 
mosphere, the  coal  consumption  is  increa.sed  about  31/2 
tons  per  hour. 

In  street-railway  work  the  duty  often  put  upon  both 
the  main  units  and  the  whole  plant  is  probably  the  most 
severe  of  any  power  equipment.  Particularly  in  the  elec- 
trification of  tunnels  we  find  installations  where  the  load 
will  vary  from  zero  to  3000  kw.  at  one  jump.  Imagine 
the  effect  of  this  on  the  boilers.  Experience  has  shown 
that  the  danger  due  to  water-hammer  can  be  practically 
Ignored  in  turbine  machinery.  The  governing  of  both 
large  and  small  .steam  turbines  has  been  .so  perfected  dur- 
ing the  last  few  years  that  it  is  undisputed  that  the  tur- 
bine is  much  better  suited  for  sudden  changes  of  load  than 
any  other  equivalent  piece  of  apparatus. 

The  abuse  that  small  turbines  will  stand  is  often 
enough  to  surprise  even  the  designer.  We  remember  an 
instance  in  one  of  the  largest  power  houses  in  the  coun- 
try of  seeing  a  hotwell  turbine  pump  in  a  small  pit  be- 
low the  floor.  This  pit  was  full  to  the  top  wi:h  water, 
turbine  and  pump  being  entirely  immersed,  yet  the  ma- 
chine was  running  along  as  if  nothing  had  happened  and 
our  attention  was  drawn  to  the  fact  that  there  was  a 
machine  underneath  the  level  of  the  water  only  by  the 
surging  action  of  the  water  on  the  surface. 

Comparative  Steam  Ecoxomt 

It  is  still  believed  by  many  engineers  that  the  water 
rates  actually  obtained  with  small  turbines  are  much 
higher  than  those  obtained  with  reciproca.'.ing  engines  of 
equal  power  and  it  has  occurred  to  us  that  the  above  argu- 
ments depreciating  the  importance  of  efficiency  might  be 
taken  as  an  acknowledgement  of  this  fact.  True,  m  some 
cases  a  small  reciprocating  engine  can  beat  the  turbine, 
but  generally  it  must  be  l)orni>  in  mind  that  reciprocating 
engine  guarantee^  are  usually  given  in  pounds  of  steam 
]>er  indicated  horsc])ower.  This  at  best  is  indefinite  and 
the  de]jreciatioii  and  consequent  iin])airinent  of  efficiency 
in  a  reciprocating  engine  are  very  much  more  ra)iid  than 
in  steam  turbines. 

The  greater  steam  economy  of  the  reciprocating  engine 
is  u.sually  unquestioned,  but  it  is  obtained  with  a  greater 
investment,  more  attention,  more  floor  space,  higher  main- 
lenance  cost  and  less  reliability  than  with  a  turbine. 

Take,  for  instance,  a  railway  shop  where  exhaust  steam 
is  required  the  year  around  for  drying  purposes  and  dur- 
ing the  winter  months  for  heating,  the  very  economv  of 
the  reciprocating  engine  requires  using  live  steam  from 
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boilers  at  times  or  continuously.  Maximum  economy  does 
not  always  mean  a  low  water  rate  in  the  prime  mover,  but 
is  an  ovei'all  item. 

It  may  be  interesting  to  analyze  a  comparison  between 
noncoudensing  reciprocating  engine-driven  and  turbine- 
driven  generators,  rated  at  100  kw.  normal  true  energy 
suitable  for  a  railway  shop.  Assume  in  each  ease  a  pres- 
sure at  the  throttle  of  135  lb.  and  an  average  back  pres- 
sure at  the  engine  or  turbine  exhaust  of  3  lb.;  60-cycle 
alternating  current  is  used.  The  engine  would  be 
of  the  simple  single-  or  four-valve  tjT^e  operat- 
ing at  277  or  200  r.p.m.  respectively,  and  tlie  turbine 
at  3600  r.p.m. 

The  water  rate  of  a  new  simple  single-valve  engine 
could  be  taken  at  full  load  as  28  lb.  and  of  the  four-valve 
at  21:  lb.  per  indicated  hp.hr.  Correcting  this  for  the 
3-lb.  back  pressure  and  assuming  a  mechanical  efficiency 
of  91  per  cent,  in  each  case  gives  a  water  rate  per  brake 
horsepower-hour  of  32.4  lb.  and  28  lb.  respectively.  With 
an  operating  power  factor  of  80  per  cent.,  and  assuming 
ti  full-load  generator  efficiency  overall,  including  friction 
and  windage  of  93  per  cent,  and  91.6  per  cent,  respec- 
tively, we  have  an  approximate  water  rate  per  kilowatt- 
hour  for  the  single-valve  of  46.6  lb.  and  for  the  four-valve 
of  41  lb. 

The  turbine  v.-ater  rate  i)er  l)rake  horsepower-hour 
would  be  31.75  lb.  at  free  atmospheric  exhaust  and  with 
3  lb.  back  pressure,  34.2  lb. 

A  12o-kv.-a.,  two-pole,  36,000-r.p.m.  alternating-cur- 
rent turbo-alternator  of  good  design  will  test  to  88  per 
cent.  efBcieucy  at  full  load  and  80  per  cent,  power  factor. 
This  gives  a  water  rate  per  kilowatt-hour  for  the  unit  of 
52.2  lb. 

Jn  this  typical  comi)arison.  tlie  single-valve  recipro- 
cating engine  when  new  and  operating  under  similar  con- 
ditions to  a  steam  turbine,  will  develop  at  full  load  an 
overall  rated  efficiency  of  5.6  lb.  per  kw.-hr.  better  than 
the  turbine,  and  the  four-valve  water  rate  will  exceed  that 
of  a  turbine  by  approximately  11.2  lb.  per  kw.-hr.  at  full 
load. 

This  saving  would  be  important  were  there  no  uses  for 
the  exhaust  steam,  as  there  are  in  railway-shop  practice, 
for  the  exhaust  from  the  prime  movers  but  rarely  goes  to 
atmosphere. 

In  boiler-feed  pump  work  it  is  difficult  to  obtain  in- 
formation bearing  on  the  actual  water  rates  obtained  with 
reciprocating  pumps.  The  best  at  our  disposal  is  the  series 
of  tests  that  were  carefully  carried  out  on  board  the  scout 
cruisers  "Birmingham,"  "Chester"  and  "Salem,"  which 
are  tabulated  below,  and  in  the  same  table  is  shown  the 
figures  obtainable  from  turbine  pumps,  which  show  an 
average  advantage  in  favor  of  the  turbine  pump  of  about 
31.8  per  cent. 

WATER  RATES  OF  SMALL  TURBINES 

(Recip.  (Turbine  Improve- 

Pumps)  Pumps)  ment    in 

Steam     Back       Gal.                     W.H.P.  W.H.P.  favor  of 

Press  ,    Press.,       per       Head.      Water  Water  turbines 

lb.           lb.         min.         ft.        rate,  lb.  rate.  lb.  per  cent. 

6              329          488            83                61   8  25  5 

6              193          690            91   8            61.2  33.4 

6  7         219         610         101.0           64  36.6 


erning  steam  consumption  in  small  turbines  with  special 
application  to  Napier's  simple  formula: 

where 

ir  =  "Weight  of  steam  per  second,  lb. ; 
P  =  Absolute  steam  pressure,  lb. ; 
A  =  Area  of  orifice,  sq.in. ; 
for  the  flow  of  steam  through  nozzles  cannot  be  u.sed  to 
greater  commercial  advantage  than  it  is  at  present.    This 
formula  has  been  proved  so  many  times  to  be  approxi- 
mately correct,  that  it  is  a  pity  it  is  not  more  extensively 
used  to  compute  the  steam  consumption.    Most  small  tur- 
bines now  operate  with  a  terminal  pressure  at  the  jet  of 
about  0.58  of  the  initial  pressure,  so  that  this  formula  can 
be  readily  applied  to  any  machine  and  the  steam  con- 
sumption determined  l>y  placing  a  gage  in  the  steam  ring. 

The  maker  could  be  called  upon  to  give  the  number  and 
size  of  the  jets  and  in  this  way  an  instantaneous  reading 
could  be  taken  showing  the  amount  of  steam  passing  at 
any  one  time.  If  this  were  done,  less  claims  would  be 
made  that  a  turbine  is  passing  more  steam  than  the 
makers  claim  for  it. 

By  a  slight  modification  of  the  constant  70  in  Napier's 
formula  for  various  jets,  figures  can  be  obtained  as  ac- 
curate as  is  possible  by  actual  measurement.  In  a  series 
of  tests  carried  out  on  a  certain  machine,  in  seven  read- 
ings with  a  ring  pressure  of  from  40  to  150  lb.,  the  maxi- 
mum discrepancy  between  the  calculated  and  the  actual 
results  was  1.3  per  cent,  ami  the  mean  over  all  the  read- 
ings, 0.457  per  cent. 

The  actual  figures  obtainable  on  test  and  those  calcu- 
lated are  as  follows : 

Napif 


Birmingham. 

Salem 

Chester 


r's   For 

iiula 

Actual  Tests 

Per  cent.  \'ariation 

202S 

2043.6 

OS 

1264 

124S.0 

1.3 

1935 

19,34.0 

0.0 

2625 

2638.0 

0.5 

1903 

1906.0 

0.0 

3047 

3066  0 

0.6 

2272 

2272.0 

0.0 
3.2 

Average . 

0.457 

With  reference  to  the  general  subject  of  steam  con- 
sumption and  the  statements  sometimes  made  that  the 
small  turbine  is  passing,  say,  twice  as  much  steam  as  it 
should,  it  may  be  interesting  to  review  the  principle  gov- 


Since  this  paper  was  prepared  with  special  reference  to 
railway-shop  work,  the  subject  of  condensing  steam  tur- 
bines has  been  touched  on  but  lightly,  as  we  understand 
that  almost  universally  power  equipments  for  railway 
shops  are  operating  noncoudensing  in  view  of  the  many 
uses  for  the  exhaust  steam. 

The  steam  turbine,  like  the  air  brake,  the  steel  rail- 
way coach,  the  locomotive  superheater  and  other  improve- 
ments of  recent  years  in  railroad  practice,  has  succeeded 
in  breaking  down  the  traditional  conservatism  which 
marks  "something  new"  in  all  mechanical  undertakings, 
and  this  is  not  surprising  when  it  is  recalled  that  the 
first  steam  engine,  dating  back  to  a  century  before  the 
Christian  Era,  was  nothing  more  or  less  than  a  steam 
turbine.  The  rapid  introduction  and  commercial  success 
of  the  large  power  turbine  in  common  use  today,  rendered 
the  introduction  of  the  small  turbine  but  natural  in  every 
way,  and  as  a  substitute  for  a  reciprocating  engine  it  has 
an  assured  and  prominent  position. 

There  ai-e  two  causes  for  a  belt  not  running-  true  upon 
properly  built  pulleys  mounted  upon  correctly  aligned  shaft- 
ing. The  belt  may  not  have  been  made  straight  in  the  first 
place,  or  the  ends  may  not  have  been  joined  squarely.  Other- 
wise there  may  have  been  a  lack  of  uniformity  in  the  texture 
of  the  hides  from  which  the  belt  was  made;  belly  leather 
toward  one  edge. and  flantc  leather  toward  the  other,  and  the 
two   stretching   unequally. 
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Redesigned   Brownell   Engine 

The  Brownell  side-crank  high-speed  steam  engine,  built 
by  the  Bro^iiell  Co.,  Da}'ton,  Ohio,  has  been  redesigned 
to  embody  some  new  features.  For  greater  stittness  extra 
metal  and  internal  ribs  have  been  provided  in  the  frame, 
which  is  cast  in  one  piece.  There  is  a  chamber  between 
the  guides  and  the  cylinder  into  which  oil  and  water  from 
the  stuffing-boxes  drain  and  are  conveyed  to  a  pan  in  the 
base  of  the  frame  from  which  they  can  be  drawn  off  at 
will,  filtered  and  the  oil  used  again. 


Eedksigxed  BiiOWXKLL   Exiuxi; 

The  main  babbitted  bearing  is  made  in  four  parts:  The 
bottom  piece  is  fitted  to  a  bored  seat,  with  tongne  and 
groove  to  prevent  end  motion.  The  side  pieces  are  ad- 
justed b}-  wedges  at  each  end.  bearing  against  distance 
]Meces  and  controlled  by  bolts  through  the  cap.     The  top 


piece  is  adjusted  by  liners  and  held  down  liy  jamb  screws 
tlirough  the  caj). 

Oil  grooves  in  the  side  pieces  start  from  the  upper  edge 
but  do  not  extend  quite  to  the  lower  edge  so  that  they 
must  be  filled  before  oil  will  be  carried  by  the  shaft  to 
the  reservoir  formed  by  the  beveled  edge  of  the  quarter 
box  and  from  which  the  grooves  iii  the  bottom  are  sup- 
plied. All  bearing  parts  can  be  removed  without  lifting 
out  the  shaft. 

The  solid-end  connecting-rod  has  split  boxes  with  wedge 
adjustment.  The  crosshead  pin  is  held  in  place  by  a 
flange  and  four  clamp  bolts  and  is  adjusted  by  two  dis- 
tance screws  passing  through  the  flange  and  bearing  on 
the  crosshead. 

The  flywheel,  eccentric  and  governor  are  split  so  as  to 
be  easily  removable. 

A  forged-steel  valve-rod  guide  bar  is  carried  in  brackets 
and  runs  in  a  flood  of  oil  supplied  from  a  pocket  filled  by 
the  splash  system,  as  .shown  by  the  illustration. 

A  Sweet  t3-pe  double-ported  valve,  but  designed  without 
p.  center  web,  to  give  lightness  and  freedom  from  east- 
ing strains,  is  covered  by  a  flat  plate  held  from  endwise 
motion  by  adjiisting  screws  so  that  tlie  lead  can  be  varied 
between  the  ends  of  the  cylinder,  giving  a  wide  range  in 
controlling  the  events  of  the  stroke.  The  plate  is  held 
against  the  valve  by  flat  springs,  bearing  on  the  steam- 
chest  cover,  thus  providing  means  of  relief  from  excess 
cylinder  pressure. 

In  addition,  new  designs  have  been  made  for  an  open- 
frame  type,  the  same  as  the  rdlling-mill  frame  type  of 
Corliss  engine,  with  tlirottling  or  automatic  governors. 


Simple  Approximate  JMetric  Conversions 


By  Albekt  A.  C'ai.'Y 


i^YyOPSIS — -Simple  rules  for  quirl-hj  converliug 
mefric  measurements  io  those  -of  tlie  Englisli  system 
v:itli  approximate  accuracy  so  thai  one  used  to  thinking 
only  in  the  latter  units  ran  quicl-Iy  gain  an  appreciation 
of  the  ralue  of  the  less  familiar  figures.  Most  of  the 
rnlriilations  can  be  done  mentally. 

Kecently  the  writer  was  professionally  engaged  on 
the  European  continent  for  the  greater  part  of  a  year, 
where  the  metric  system  was  in  universal  u.se.  At  first, 
he  experienced  the  general  feeling  of  vagueness  when 
matters  were  presented  to  him  in  metric  units,  that  most 
all  do  who  have  only  used  this  .system  occasionally  at 
home,  with  a  conversion  table  before  them. 

.\o  one  can  appreciate  the  fine  points  of  this  sysleni 
until  he  can  think  in  metric  unit.s,  without  regard  to 
the  clumsy  units  commonly  used  in  this  country,  and 
without  the  necessity  of  making  conversions.  T'n- 
fortuuately,  for  a  time,  one  from  "the  States,''  lias  to 
convert  the  metric  units  into  the  .system  he  is  acquainted 
with,  to  size  up  their  values  comprehensively,  and  the 
more  e.vactly  he  attempts  to  do  this  the  slower  he  is  in 
becoming  intimate  with  the  metric  .system,  especially  if 
he  has  to  refer  to  reference  tables  frequently. 

.\s  the  writer's  experience  in  this  direction  may  be  of 
value  to  others  he  offers  here  the  means  he  worked  out 
for   arriving  quickly    (and    in   most   cases   mentally)    at 


rough  approximations,  which  were  sufficiently  close  to 
serve  ordinary  purpo.ses. 

Our  money  system  fortunately  educates  tlie  Euro]iean 
visitor  from  this  country  in  the  elementary  steps  of  the 
metric  system,  so  when  he  reaches  the  countries  using 
the  metric  system  he  will  be  sure  to  remember  that 

10  mills  (milli)  nwkc  one  cent 
10  cents  (ronti)  make  one  dime 
10  dimes  (deci)  make  one  unit 

which  unit,  in  our  money,  is  the  dollar. 

In  the  metric  system,  the  unit  may  be  one  of  length 
(the  meter)  ; — of  weight  (the  gram)  ; — or  capacity 
(the  liter)  and  fractional  parts  or  multiples  are  in- 
dicated by  placing  a  prefix  before  the  unit. 

The  prefixes  derived  from  the  Latin  numerals  always 
indicate  a  fractional  i)art  as 

Mini  ,An 
Centi  ,A„ 
Deci       A 

the  same  as  with  I'nited  States  money,  while  the  ])rc- 
fixcs  taken  from  the  (ireek  numerals  indicate  multiples. 
Thus 

Deea,  whieh  indir.iles  multiplied  bv  10 
Hpcto.|which  indicates  mulliiilied  liv  100 
Kilo,  which  indicates  multiplied  byl(XX) 

That  n  kilowatt  means  a  thousand  watts  is  familiar, 
so  all  one  need  remembei-  in  adilition,  are  deca  and 
liecto. 

Thi;  Hii.i:  of  Tkn  pkr  Cknt. 

Taking  the  units  themselves,  it  is  sur])risiiig  how 
many  are  about  U)  per  rent,  more  than  our  own  units. 
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Weights 

Going  to  the  various  stores  oue  finds  that  the  very 
common  unit  of  weight  in  Europe  is  the  half  kilogram, 
which  is  practically  10  per  cent,  more  than  our  pound. 

The  kilogram  then,  is  10  per  cent,  more  than  2  lb., 
so,  to  convert  kilograms  to  pounds,  simply  multiply  by 
2  and  add  10  per  cent. 

If  the  weight  is  expressed  in  grams,  multiply  by  2 
and  add  10  per  cent,  as  before,  but  as  a  gram  is  ^tj'oo 
of  a  kilogram,  move  the  decimal  point  three  places  to  the 
left  in  the  final  result,  even  if  this  process  does  prefi.x  a 
number  of  cyphers.  It  is  easy  to  multiply  this  last 
result  by  7000  (7000  grains  =  1  pound  avoirdupois),  to 
obtain  it  in  grains  if  it  is  a  small  weight. 

For  example,  take  85  kg. 

85  X  2  =  170  +  17  =  187  lb. 
(the  error  here  is  only  0.4  lb.)  again,  take  60  grams 

60   X   3  =   120   +   12  =   i:i2 
and   moving  the  decimal    point   tliree  jilaces   to  the  left 
gives  0.132  lb. 

0.132  lb.  X  ''OOO  =  92-i  grains 
(the  error  in  this  case  is  only  2  grains). 

It  may  also  be  remembered  that  the  metric  ton,  which 
i.s  1000  kg.  (or  220-1.62  lb.),  is  practically  the  same  as 
our  long  ton  of  2210  lb. 

LlCXGTHS 

The  unit  of  length  is  the  meter  with  which  an  added 
10  per  cent,  may  again  be  u.sed,  witli  a  very  i-mall  error 
in  the  results  obtained. 

The  meter  is  practically  10  ])er  cent,  mure  than  a 
yard. 

The  use  of  a  thin  pocket  rule  one  meter  long,  which 
can  be  purchased  anywhere  on  the  continent,  will  furnish 
the  easiest  method  of  converting  short  distances  from 
the  meter  and  its  fractions  into  feet  and  inches;  these 
two  systems  being  found  on  its  opposite  sides.  Such  a 
rule  measures  only  8  in.  long,  %  in.  thick  by  %  ^^-  wide, 
when  closed.  It  has  six  swing  joints,  is  made  of  wood, 
is  very  light  and  can  be  easily  carried  in  the  pocket. 

To  return  to  the  method  of  calculation ;  with  a 
measurement  given  in  meters,  merely  add  10  per  cent. 
which  converts  it  into  yards.  This  result  multiplied  by 
3  gives  the  number  of  feet. 

For  example,  take  42  meters 

42  +  4.2  =   46.2  ijd. 
46.2  X  3  =  138.6  ft. 
(Figured  exactly,  this  should  be  137.795  ft.) 

As  stated  before,  any  fraction  or  any  multiple  of  a 
meter  is  calculated  the  same  way  by  taking  the  dimension 
given  as  though  it  were  in  meters  and  afterward  placing 
the  decimal  in  its  proper  position,  the  same  as  in  cal- 
culating U.  S.  mon^y.  Thus,  for  60  cm.,  proceed  as  fol- 
lows : 

60  +  6  =  66 
As  there  are  100  cm.  to  the  meter,  point  off'  two  places  to 
the  left,  thus  obtaining  0.66  yd.  or  1.98  ft.  (exactly,  this 
would  be  1.9685  ft.). 

SUKF.VCE.S 

The  unit  of  surface  is  the  square  meter,  and  for  its 
conversion  to  English  units  the  10  per  cent,  rule  is  still 
applicable,  but  as  a  square  is  of  two  dimensions  (length 
and  breadth),  two  10  per  cents,  must  be  used  to  obtain 


f-quare  yards,  and  for  square  feet,  the  square  of  3,  or  9,  is 
the  multiplier. 

Applying  the  rule,  42  sq.m.  is  converted  thus : 
42  +  4.2  +  4.2  =  50.4  sq.yd. 
50.4  X  9  =  453.6  sq.ft. 
(exactly,  this  would  be  452.08  sq.ft.). 

For  all  fractions  or  multiplies  of  the  square  meter,  one 
can  proceed  as  before,  using  the  expression  at  the  start 
as  though  it  were  in  square  meters,  but  in  pointing  off 
the  final  results,  it  must  be  remembered  that  all  these 
smaller  or  larger  expressions  must  be  squared,  for  while 
3  ft.  =  1  yd.,  3X3  =  9  sq.ft.  =  1  sq.yd.  Thus,  1  sq.m. 
is  composed  of  100  X  100  =  10,000  sq.cm.,  or  10  X  10 
==  100  sq.dcm.,  etc.  In  other  words,  the  square  being  of 
two  dimensions,  one  must  point  off  twice  as  many  decimal 
places  as  if  he  were  using  the  simple  linear  meter. 

Volumes 

The  unit  of  volume  is  the  cubic  meter,  to  which  the 
io  per  cent,  rule  also  applies,  but  as  the  volume  has 
three  dimensions  (length,  breadth  and  thickness),  three 
10  per  cents,  must  be  used.  Also,  in  converting  cubic 
yards  into  cubic  feet,  one  must  multiply  by  the  cube  of 
3,  or  27. 

To  convert  36  cu.m.  to  cubic  yards,  proceed,  by  the 
rule,  as  fdllows: 

30   -\-   3.6   +   3.6   +   3.6   =   46. iS  cu.yd. 
46.8    X    2'i    =    1263.6   cu.ft. 
(Figured  exactly,  it  would  be  1271.32  cu.ft.) 

It  must  be  remembered  that  in  a  cubic  meter  (some- 
times called  a  stere)  there  are 

100  X  100  X  100  =  1,000,000  cu.dcm. 
Therefore,  in  making  calculations  for  fractions  or  multi- 
ples of  the  cubic  meter,  by  this  simple  rule,  one  must 
point  oft'  three  times  as  many  decimal  places  as  for 
straight  linear  calculations,  on  account  of  dealing  with 
a  volume  which  has  three  dimensions. 

.t'.\I'.\CITY 

The  unit  of  capacity  is  the  liter,  and  1000  liters  equal 
the  volume  of  one  cubic  meter.  One  kilogram  of  pure 
water  at  its  maximum  density  (39  deg.  F.)  under  normal 
atmospheric  pressure  (29.7  in.  of  mercury)  occupies  the 
volume  of  one  liter. 

For  rough  approximation  the  10  per  cent,  excess  rule 
can  i)e  used  to  gain  an  idea  of  the  volume  occupied  by  any 
number  of  liters,  but  a  liter  is  more  nearly  5  per  cent, 
greater  than  a  quart  (liquid  measure). 

Thus,  given  40  liters,  the  calculation  is 
40  +1=  42  quarts 
(exactly,  this  figure  should  be  42.267  quarts). 

In  figuring  fractions  or  multiples  of  the  liter,  the 
decimals  are  pointed  off  the  same  as  for  lengths,  as  !0(i 
centiliters  or  10  deciliters  equals  one  liter  and  one  kilo- 
liter  equals  1000  liters. 

These  simple  10  per  cent,  rules  are  easily  remembered 
and  equip  one  to  use  the  metric  system  without  con- 
version tables  with  their  many  varied  constants  or  multi- 
]>liers. 

A  few  other  useful  rules  involve  the  figures  0.6.  1 .6 
and  ](■>. 

For  a  rough  approximation  of  100  km.,  multiply  by 
0.6,  which  gives  60  miles.  In  reality,  it  is  62.137  miles. 
A  closer  calculation  can  be  made  after  multiplying  by 
0.6,  by  adding  to  this  result  one-half  of  the  product,  but 
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with  the  decimal  point  moved  one  place  to  the  left  thus : 

100  X  0.(1  =  60 
and  half  of  60  is  30,  which,  liy  moving  the  decimal  point, 
becomes  3,  and,  added  to  60  gives  63  miles. 

To   convert   miles    into    kilometers,    multiplv    by    1.6. 
100  miles  X   1-6  =  160  km. 
(To  be  exact,  this  should  be  160.935  km.). 

There  are  approximately  16  cu.cm.  to  the  cubic  inch; 
therefore  divide  cubic  centimeters  by  16  to  get  cubic 
inches.  Usually  it  is  quicker  to  divide  twice  by  4  (4  X 
A   =   16). 

Thus,  in   KM)  cu.cm.  there  are 

'5"   =  '^5  and  \-'-  =  6.25  ru.in. 
(  Exactly,  this  should  be  6.1023  cu.in.). 

Per  contra — in  100  cu.iu.  there  are 

100  X  16  =  1600  cu.cm. 
(  Ivxactly,  this  should  be  1638.7  cu.cm.). 

A  number  of  conversions  not  admitting  of  such  sim- 
ple rules  the  writer  noted  on  the  back  of  a  6-in.  slide- 
rule,  which  proved  constantly  useful.  These  included 
steam-gage  readings,  which  are  commonly  indicated  in 
kilograms   per  square  centimeter : 

14.223  lb.  per  sq.in.  =  1  kg.  per  sq.c. 
0.070307  kg.  per  sq.c.  =  1  lb.  per  sq.in. 

The  rate  of  evaporation  in  a  boiler  is  usually  expressed 
in  kilograms  per  square  meter  so,  to  convert  this  reading 
into  pounds  per  square  foot,  multiply  by  0.2048. 

Dividing  by  5  gives  a  close  approximation.  Thus,  20 
kg.  per  sq.ni.  equals 

Y    =  4  //;.  per  sq.ff. 
(Exactly,  this  will  be  4.0i)02   lb.  per  sq.ft.). 

To  convert  pounds  per  square  foot  into  kilograms  per 
s()uare  meter,  multiply  by  4.883.  Using  5  for  a  multi- 
plier, gives  a  close  approximation,  as  with 

3  Ih.  per  .sq.ft.   X   5  ^   15  kff.  per  s'/.m. 
(Instead  of  the  exact  14.647). 

Calories   per   kilogram  can  be  converted   into   British 
thermal  units  per  pound  by  multiplying  by  1.8  or  equally 
exactly  by  doubling  the  calories  per  kilogram,  and  then 
subtracting  10  per  cent,  of  this  amount.     Thus, 
8080  calorie.<  per  kg.   X   2  =    16,160 
16,160  X  10  Iter  cent.  =  1616 
16,160  —  1616  =   14,544  B.t.ii.  per  II). 
The  reverse  calculation  is  not  quite  so  simple,  as  the 
beat  units  ])er  jwiuid  mu.st  lie  muhi|>lied  liv  (i.5.")()  to  ob- 
tain the  calories  per  kilogram. 

'i'HKl:MO.\ll"ll':K   ScALKS 

The  simplest  nielhod  for  converting  Centigrade  to 
Fabrenheit  degrees  is  the  following,  but  the  writer  does 
not  claim  originality  in  the  fundaniental  ]>rinei})le  on 
which  it  is  based. 

The  two  fixed  standards  by  which  tberinonieters  are 
calibrated  are,  the  freezing  and  boiling  ])oiiits  of  water. 
On  the  Fahrenheit  scale  they  are  212  and  32  deg.,  re- 
.spcctively,  and  on  the  Centigrade  scale  100  and  0  deg. 
Thu.s  there  are  180  divisions  (or  degrees)  between  these 
two  critical  temperatures  on  the  Fahrenheit  scale  and 
only  100  on  the  Centigrade.  Doubling  Centigrade  de- 
grees to  obtain  Fahrenheit  gives  a  product  10  per  ('ent. 
loo  large  so,  multiplying  by  2  ami  subtracting  10  j)er 
cent.,  gives  again  a  sini])le  method  of  conversion.  Thus: 
100  X  2  =  200  —  20  =  180 

Cn fortunately,  the  Fahrenheit  zero  is  32  <lcg.  below 
(be  freezing  point,  or  the  zero  on  the  Centigrade  scale, 


so  32  deg.  must  always  be  added  to  obtain  degrees  Fah- 
renheit, thus : 

180  -f  32  =  212  ,lcg. 
By  memorizing  a   few   more   or   less  fixed  points  and 
their  equivalents,   the  writer  found  he  could  sense   the 
value  of  the  Centigrade  readings  without  attempting  even 
this  simple  method  of  conversion. 

0  deg.  C.  =   32  deg.  F.— The  freezing  point  of  water 
4  deg.  C.  =  39  deg.  F. — Temperature  of  water  at  its  greatest  density 
lo  deg.  C.  =   60  deg.  F.— (This  should  be  15.6  deg.  C.)     Average  atmospheric 

_  temperature 

38  deg.  C.  =100  deg.  F. 
100  deg.  C.  =212  deg.  F.— The  boiling  point  of  water 

The  following  tabie  sums  up  in  compact  form,  for  easy 
reference,  the  various  rules  hereinbefore  given : 

Dimensions  etc.  Unit  Used         Converted  to  Rule 

W"el" Kilogram  Pounds         Multiply  by  2  then  add  10 

Meter  Feet  Add  10  per  cent,  then  mul- 

tiply by  3 
Square  Meter      Square  Feet    .\dd  two  10  per  cents,  then 

multiply  by  9 
Cubic  Meter        Cubic  Feet     Add  three  10  per  cents,  then 
multiply  by  27 
Liter  Quarts         -■idd  one-half  of  10  per  cent, 

(or  5  per  cent.) 
Fahrenheit     Multiply  by  2;  subtract  10 
-,  ^  per  cent,   then  add  32 

W™' Calories    per  B.t.u.  Multiply    bv    2    then    sub- 

Kilogram  per  pound  tract  10  per  cent. 

Heat,  B.t.u.  per  lb.    .     Calories  per  Multiply  by  0.556  (or  div- 

kilogram  ide  by  6  and  then  by  3) 

erosaures Kilograms  per      Pounds    per    Multiply  by  14.223  or  div- 

square  centi-       square  inch         ide  by  0.07 


Lengths 

.Surfaces 

Volumes 

Capacity 

Temperature Centigradi 


Pounds    per      Kilograms  per  Multiply  by  0.07 

square  inch       square  centi- 
meter 

Evaporation Kilograms  per      Pounds    per    Divide  by  5 

square    meter        square  foot 

Evaporation Pounds    per      Kilograms  per  Multiply  by  5 

square  foot       square   meter 

Distance Kilometers  Miles  Mul-.ply  by  0.  6  and  add  5 

per  cent,  of  the  product 

Distance Miles  Kilometers      Multiply  b.v  1.6 

Capacity.    .  Cubic  centi-       Cubic   inches   Diride    by    16    (or    by    4 

meters  twice) 

Capacity Cubic   inches      Cubic   centi-    Multiply  by  16 

meters 

As  most  of  the  results  obtained  will  be  in  error,  to  the 
extent  already  explained,  where  exact  results  are  needed, 
one  should  refer  to  conversion  tables,  such  as  those  in 
Kent's  or  Suplee's  engineer's  pocket  books,  Bering's 
'"Conversion  Tables,"  or  to  the  work  issued  by  the  Hart- 
ford Steam  Boiler  Inspection  &  Insurance  Co.  on  the 
metric  system. 

A  table  of  prefixes  and  their  values  as  used  in  the 
metric  system,  taken  from  Hering's  "Conversion  Tallies," 
follows : 

PREFIXES  USED  IX  THE  METRIC  SYSTEM 


Micro-. 

0.000  001  c 

>r  in-< 

Milli-. . 

0.001           c 

ir  10-= 

Centi-.. 

0.01             r 

ir  10-' 

Deci-... 

O.I               c 

ir  I0-" 

Deca-  oi 

rDeka-. ... 

10.                  f 

ir  10' 

Hccto-  < 

)r  Hekto-. 

100,                  t 

.r  in» 

Kilo-... 

1   000,                   r 

■r  10» 

Mvria-. 

Mega- . . 

,    KKH)  (Kin,                   I 

ir  10" 

Thus  one  millimeter  c(jiials  (t.lMil  melei-.  or  one  kilo- 
meter equals  1000  meters. 

Quitetite  Reducing  Valve 

'Ibis  reducing  valve  is  manufactured  in  this  country 
by  the  Aiild  Co.,  1253  North  12th  St.,  Philadelphia, 
I'enn.  The  valve  has  been  designed  to  give  a  positi\e 
closing  control  and  to  obviate  any  tendency  of  the  rediK cd 
pressure  to  creep  past  the  point  at  whicli  it  is  .set. 

The  controlling  area  of  the  valve  is  equal  to  si.v  times 
the  area  of  the  back  of  the  valve  and  the  danger  of  an 
accumulation  of  pressure  on  the  reduced  pressure  side  is 
eliminated.  The  valve  is  designi>(l  to  maintain  a  constnut 
reduced  pressure  even  with  great  Ihictuat  ion  in  the  initial 
pressure. 
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Referring  to  Fig.  1,  the  high-pressure  steam  oiiter.s 
through  the  inlet  and  acts  between  the  valve  D  and  piston 
F,  Fig.  2,  wliich  are  of  the  same  area  and  therefore  in 
equilibrium  ou  the  high-pressure  side.  A  reduction  oL' 
the  pressure  is  obtained  by  screwing  up  the  adjusting  nut 
A,  Fig.  2,  until  the  pointer  B  on  the  spring  bolt  is  op- 
posite the  figure  representing  the  reduced  pressure  re- 
quired. Acting  through  the  lever  C  the  extension  of  the 
spring  opens  the  valve  D,  Fig.  2,  and  passes  steam  at  a 
reduced  pressure  to  the  outlet  side.  When  the  pressure 
of  this  reduced  steam  tends  to  rise  above  that  required,  it 
closes  the  valve  b^y  acting  ou  the  back  of  the  valve  D  and 
chamber  E.  When  the  pressure  tends  to  fall  the  tension 
of  the  spring  overcomes  the  force  holding  the  valve  closed 
and  opens  the  valve,  allowing  it  to  admit  more  steam  to 
the  low-pressure  side ;  in  this  way  the  reduced  pressure 
is  kept  constant. 

A  flexible-rubber  composition  diaphragm  G  is  fitted  at 
the  lower  end  of  the  valve  body  which  makes  a  frictionless 
steam-tight  packing  between  the  stationary  and  movable 
lower  half  of  the  valve.  This  diaphragm  is  protected 
from  contact  with  steam  by  water  of  condensation,  which 


Fig.  1.  Spkixg  and 
Lever 


Fig.  2.  Section  through 
Valve 


collects  in  the  lower  part  of  the  valve  and  keeps  the  dia- 
phragm cool. 

The  valve  is  made  in  sizes  from  V^  in.  upward  with 
screwed  or  flange  connections.  The  sizes  above  2  in.  have 
standard  flanged  ends.  They  are  suitable  for  use  wher- 
ever it  is  desired  to  reduce  the  steam  from  a  higher  to  a 
lower  pressure.  The  valve  is  designed  to  maintain  a  re- 
duced pressure  of  from  2  to  3  lb.,  or  other  very  low 
pressures  on  the  outlet  side,  while  the  boiler  pressure  may 
be  as  high  as  250  lb.  per  sq.in. 

Orders  have  been  received  in  tlie  Crewe  Railway  V\'orlis. 
England,  for  a  large  number  of  locomotives  which  will  be  the 
most  powerful  in  that  country.  They  are  to  be  of  great  size, 
and  are  intended  especially  to  draw  very  heavy  loads  at 
great  speeds.  The  locomotives  will  be  of  the  four-cylinder 
type,  the  cylinders  all  acting  independently  of  one  another. 
The    distribution    of    steam    will    be    by    a    new    piston    valve. 


Stewart  Gasket  Cutter 

The  accompanying  illustration  shows  a  gasket  cutter 
for  cutting  sheet  asbestos,  fiber  cloth,  wire  insertion,  cop- 
per, lead  or  other  metallic  packings  to  any  size  from  1^^ 
in.  up  to  12  in.  in  diameter. 

The  frame  is  cast  iron,  and  has  a  hard  maple  table 
secured  to  it  by  screws.  The  crank  has  a  square  opening 
which  fits  over  the  vertical  suindle  with  a  i/^-in.  space  be- 


Stewakt  Gasket  Cutteii 

tween  the  top  of  the  spindle  and  the  top  of  the  crank,  to 
allow  for  adjusting  the  thumb  feed-regulating  screw. 

The  force-feed  handwheel  may  be  used  ou  soft  pack- 
ings for  feeding  the  cutters  downward.  The  carrier  bar 
is  graduated  in  inches,  and  any  required  size  of  gasket 
can  be  obtained  by  adjusting  the  cutters  to  the  scale. 
The  cutters  are  tool  steel,  and  are  dished  on  the  inner 
side,  concave  on  the  outer  and  set  at  a  slight  angle. 

In  cutting  fiber  or  other  hard  material  the  thuml)- 
screw  may  be  adjusted  by  a  quarter  turn  so  that  the  feed 
is  automatically  regulated.  The  carrier  bar  moves  down 
%  to  1/2  turn,  to  one  revolution  as  desired. 

This  machine  is  made  bv  L.  R.  Stewart,  70  East 
Thirty-first  St.,  Chicago.  111." 

The  Salting  of  Mr.  Fresh 

BY    R.    O.    RICHARDS 

Swaggering  into  the  presence  of  Podgers,  the  master  me- 
chanic,   he    said: 

"My  name  is  Fresh — Joe  Fresh.  I'm  the  Kuy  that  put 
poles  on  tadpoles,  and  I'm  from  the  firm  that  smears  butter 
on    butterflies." 

"You're  from  Butterfly  &  Co.,  the  machinists?"  queried 
Podgers. 

"Yaas.      Come    to    do    surgery    on    your   sick    engine." 

"Sit  down,  Mr.  Fresh."  said  Podgers  quietly,  "and  I'll 
state  the  symptoms.  The  engine  is  really  not  what  you 
may  call  ill;  I'd  diagnose  her  case  as  plain  laziness.  She  en- 
joys too  many  luxuries,  and  I  want  you  to  remove  some  of 
them.  I  want  you  to  take  away  the  pillow  from  her  pillow 
block,  the  rocker  from  her  rocker-arm,  the  bed  from  her 
bedplate,  and  the  pipe  from  her  exhaust.  And  I  think  she 
would  work  better  if  you  removed  the  cap  from  her  head, 
the  jacket  from  her  cylinder,  the  slippers  from  her  cross- 
head,  and  clothe  her  in  more  workmanlike  overalls  and 
jumper.  Also,  you  may  remove  the  banjo  from  her  governor, 
shoo  the  fly  from  the  flywheel,  take  the  dyn  from  the  dy- 
namo, and — " 

But  here  Podgers  saw  that  his  visitor  was  beyond  hearirg 
— poor  Mr.   Fresh  had  collapsed. 
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Drying  Out  Electrical  Machinery 

By  Fraxcis  IT.  Daviks 

The  eircumstaiK'es  uiiiler  whieh  a  thorough  drying  out 
of  electrical  machinery  becomes  necessary  are  compara- 
tively rare,  but  when  the  need  does  arise,  it  is  generally 
urgent,  and  should  be  carried  out  in  an  expeditious  and 
efficient  manner.  Considerable  experience  has  been 
gained  on  this  subject,  and  it  is  apparent  from  the  re- 
sults obtained  after  the  Seine  floods  in  Paris  and  upon 
other  occasions,  that  most  of  the  methods  generally  em- 
ployed are  good  provided  they  are  thoroughly  carried  out. 
Failure  is  generally  attributed  to  the  method,  but  more 
often  it  is  due  to  insufficient  time  being  allowed  or  to  the 
neglect  of  certain  precautions.  Circumstances  will  ma- 
terially affect  the  amoiint  of  damage  done  by  immersion ; 
that  is,  much  will  depend  upon  the  quality  of  insula- 
tion, the  dirtiness  of  the  water  and  to  some  extent  the 
time  the  machinery  has  been  immersed. 

It  is  important  that  when  the  water  subsides  or  the 
machine  has  been  lifted  out  of  it,  the  process  of  drying 
be  commenced  without  delay.  If  this  be  done  the  dry- 
ing-out process  will  require  much  less  time  and  there  will 
be  a  better  chance  of  success.  If,  on  the  other  hand,  the 
machine  is  left  exposed  to  the  air  in  a  wet  condition  for 
a  week  or  two,  it  has  been  found  that  in  many  cases  no 
aniiiuut  of  drying  will  be  effectual,  owing  to  the  insula- 
tion having  been  destroyed.  Generally  speaking,  flood 
water  is  dirty,  containing  mud  and  decayed  vegetable 
matter,  and  when  to  this  is  added  the  oil  which  is  al- 
ways present  around  machinery,  and  possibly  the  acid 
from  neighboring  accumulators,  it  is  evident  that  a  thor- 
ough washing  is  an  essential  preliminary.  This  should 
be  carried  out  at  once  before  the  mud  has  had  time  to 
dry,  and  it  can  scarcely  be  overdone.  If  there  has  been 
much  oil  about  and  it  is  found  to  have  worked  into  the 
win<lings,  benzoline  or  gasoline  will  be  found  effective: 
and  should  there  be  signs  of  acid  corrosion,  a  weak  bath 
of  potash  followed  by  a  thorough  cleansing  with  pure 
water  is  a  good  treatment. 

Tiiese  preliminaries  having  been  completed,  attention 
must  be  at  once  turned  to  the  application  of  heat  for  dry- 
ing. There  are  many  methods  of  doing  this,  the  choice 
depending  upon  their  relative  convenience.  Coke  fires, 
open  or  closed,  steam  heat  and  the  passing  of  current 
througii  the  windings  may  be  used  singly  or  in  conjunc- 
tion. If  the  machinery  is  small  it  may  bo  taken  apart 
and  baked  in  the  ordinary  drying  oven.  This  is  the  bet- 
ter course  to  take  with  field  coils  of  all  sizes  and  small 
armatures,  but  the  proposition  is  rather  a  different  one 
to  that  for  which  a  drying  oven  is  ordinarily  used  as  the 
coils  will  be  excessively  wet  and  may  require  higher  tem- 
peratures and  a  longer  time.  Ovens  of  this  sort  arc  op- 
erated on  two  .systems — by  heat  alone  at  a  temperature 
of  about  200  dcg.  F.,  or  by  heat  and  a  partial  vacuum 
wiiich  tends  to  draw  out  the  moisture.  In  the  .second 
rase  the  heat  required  is  lower,  the  effect  of  a  tempera- 
ture of  200  deg.  F.  being  aliout  equal  to  240  deg.  where 


heat  alone  is  used.  In  either  case  it  may  be  necessary  to 
extend  the  baking  over  several  days,  but  it  is  impossible 
to  speak  definitely  upon  this  point  as  circumstances  vary 
so  considerably  and  machines  themselves  are  widely  dif- 
ferent in  the  effect  that  immersion  produces. 

Insulation  tests  should  be  made  at  intervals,  and  it 
will  generally  be  found  that  while  the  insulation  resist- 
ance rises  fairly  rapidly  to  thousands  of  ohms,  progress 
is  slower  toward  the  end.  When  it  is  considered  that 
the  amount  of  water  which  has  to  be  drawn  out  of  a  large 
machine  after  it  is  externally  dry  may  amount  to  several 
gallons,  it  is  clear  that  the  operation  may  be  lengthy. 

If  a  machine  is  too  large  to  take  to  the  ovens  it  must 
be  dried  where  it  is  and  a  certain  amount  of  ingenuity 
is  often  necessary  to  devise  satisfactory  methods.  The 
chief  agents  available  are  the  coke  fire  (preferably  in- 
closed), the  steam  radiator  and  electric  current.  The  ma- 
chine should  be  dismantled  to  some  extent  so  as  to  al- 
low the  hot  air  to  penetrate  easily  to  all  parts,  and  it 
has  been  found  a  good  plan  to  rotate  the  armature  at 
about  its  normal  speed  so  as  to  throw  out  some  of  the 
water  by  centrifugal  action.  In  doing  this  it  is  important 
to  make  sure  that  no  potential  is  set  up  as  the  insulation 
might  be  broken  down  permanently.  Hot  air  generated 
by  a  closed  stove  is  preferable  to  the  direct  action  of  an 
open  fire  as  the  acid  fumes  of  the  latter  are  deleterious. 
To  dry  a  machine  in  this  way  it  should  be  entirely  in- 
closed by  a  wooden  structure,  the  joints  of  which  are 
covered  with  stout  paper  to  prevent  leakage.  The  stove 
should  also  be  inclosed  with  a  flue  pipe  leading  outside 
to  the  air,  and  if  one  or  more  small  fans  are  placed  in 
the  right  position,  proper  circulation  (which  is  very  help- 
ful in  drying)  can  be  kept  up.  The  same  principal  is  ap- 
plicable where  steam  radiators  are  used,  but  if  timber  is 
not  handy  an  effective  sub.stitute  will  be  found  in  a  stout 
tarpaulin  carefully  arranged  so -as  to  prevent  leakage. 
A  temperature  of  about  180  deg.  F.  should  be  aimed  at, 
and  it  may  be  necessary  to  maintain  this  for  several  days. 
Electrical  drying  by  means  of  a  current  generated  in  or 
passed  throtigh  the  windings  is  usually  a  longer  operation, 
but  at  times  it  may  be  the  oidy  method  available.  It  is 
seldom  applicable  at  the  start,  because  it  may  cause  dam- 
age by  electrolysis  if  not  by  actual  iireaking  down  of  the 
insulation.  *  Until  the  latter  begins  to  test  out  at  a  fairly 
high  value  currents  at  low  voltage  must  be  used, 
and  according  to  the  nature  of  the  machinery  these  will 
be  attained  in  dilferent  ways.  Armatures  may  be  dried 
by  being  short-circuited  at  the  bru.shes  and  run  slowly 
with  a  weak  field.  As  the  insulation  improves,  both  the 
field  and  the  speed  may  be  increased  until  the  highest 
safe  temperature  is  attained.  The  danger  point  is  about 
.'500  deg.  F.,  at  which  heat  cotton  commences  to  discolor. 
The  commutator  often  presents  special  difficulty  and  it 
mav  become  necessary  to  take  it  off  and  dry  in  an  oven. 
If  the  insulation  remains  low  obstinately  this  is  general- 
ly the  place  to  look  for  the  troul)le.  Should  it  be  pre- 
ferred to  pass  current  through  the  machine  from  an  ex- 
ternal source  the  armature  should  lie  kejit  rotating  slow- 
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iy  as  this  will  tend  to  more  xmiform  drying,  particularly 
of  the  commutator. 

Transformers  are  ditficult  to  dry  out  when  thoroughly 
wetted,  owing  to  the  depth  of  their  windings,  and  to  as- 
sist matters  it  is  well  to  remove  any  external  insulating 
wrappings.  A  low  voltage  current  should  then  be  passed 
through  the  high  potential  coils,  the  low  potential  side 
being  short-circuited. 

Generally  speaking,  electric  plants  do  not  suffer  from 
excessive  wetting  to  the  extent  that  would  be  anticipated 
even  if  entirely  submerged  for  weeks.  Remarkable  proof 
of  this  fras  found  in  the  case  of  the  Seine  floods  of  Paris 
in  1910,  where  machines  and  cables  which  were  then 
submerged  for  several  weeks  and  apjiarently  ruined  are 
at  work  today.  One  particularly  striking  fact  is  that  bat- 
teries of  accumulators  were  quite  uninjured  by  several 
hours'  immersion,  the  higher  specific  gravity  of  the  acid 
causing  it  to  remain  in  the  cells  with  very  little  dilution. 
There  also  does  not  appear  to  have  been  any  damage  by 
reason  of  the  battery  discharging  through  the  water,  as  in 
one  instance  a  battery  which  was  covered  for  several 
hours  by  10  ft.  of  water  was  found  capable  of  giving  a 
long  discharge  after  the  flood  had  subsided. 

Modern  underground  cables  if  properly  installed  are 
fairly  proof  against  damage  by  water.  A  good  lead-covered 
impregnated  paper-insulated  cable  if  well  jointed  with 
water-tight  boxes  will  suffer  no  harm,  and  should  the 
water  find  its  way  in,  it  is  usually  only  necessary  to  cut 
off  a  few  yards  at  the  end  where  the  water  will  be  found 
to  have  penetrated  in  between  the  core  and  its  immediate 
insulation.  Rubber  cables  unprovided  with  a  lead  sheath 
will  not  stand  ,so  well  unless  they  are  thoroughly  water- 
proofed and  quite  new.  The  insulation  of  an  old  rubber 
cable  is  quickly  destroyed  by  water  and  it  cannot  be  re- 
paired. Telephone  underground  cables  of  the  dry-core 
or  air-space  paper-insulated  type  are  very  susceptible  to 
water,  and,  while  the  sheath  may  protect  them  indefinite- 
ly, the  sliglitest  damp  will  quickly  put  them  out  of  action. 
In  an  extreme  case  it  is  necessary  to  take  off  the  lead 
sheath,  dry  the  cores  in  an  oven  and  then  resheath  the 
cable,  but  in  the  ordinary  course  the  application  of  a 
desiccating  machine  tg  the  dry  end  of  the  cable  will  suf- 
fice. This  machine  consists  of  a  gasoline  motor  or  hand- 
driven  air  compressor,  air  receiver  and  four  cast-iron  cyl- 
inders containing  bags  of  calcium  chloride,  the  whole  be- 
ing mounted  on  a  truck  so  as  to  render  it  portable.  A 
special  connection  is  made  to  the  cable,  and  air  is  pumped 
in  at  a  pressure  up  to  30  lb.  per  sq.in.  In  passing  from 
the  compressor  it  flows  through  the  calcium-chloride  cyl- 
inders and  emerges  from  them  in  a  perfectly  dry  condi- 
tion. It  then  flows  along  the  cable  through  the  air  spaces 
between  the  wires,  and  emerging  at  the  wet  end  carries 
with  it  the  entrained  moisture.  The  operation  may  take 
several  hours  or  even  days  in  a  bad  case. 


Recharging  Dry  Batteries 

No  doubt  many  readers  of  Powki;  liiivc  had  dry  l)atter- 
ies  which  after  a  time  have  lost  their  strength  and  were 
thrown  away  as  useless  with  the  Ijelief  that  they  were 
beyond  repair.  Dry  batteries  will  not  only  give  out  due 
to  excessive  use  but  also  from  standing  idle  upon  the 
shelf  when  not  in  use.  ^Hien  batteries  are  not  corroded 
badly  at  the  connections  or  the  zinc  .shell  eaten   away 


they  can  frequently  be  recharged  and  made  to  give  ser- 
vice for  some  time. 
The  first  thing  to  do  when  batteries  have  given  out  is  to 
look  at  the  connections  which  may  have  become  broken 
or  corroded.  If  the  circuit  seems  to  be  all  right  an  exam- 
ination should  be  made  of  the  cells  to  see  if  the  zinc 
shells  are  sound  and  in  good  condition.  If  the  cells  are 
not  eaten  through,  the  batteries  may  be  connected  in  a 
direct-current  circuit  as  shown  in  the  sketch,  the  lamp 
acting  as  a  resistance.  Having  arranged  the  batteries  and 
the  lamp  first  allow  the  ends  of  the  two  wires  A  and  B 
to  be  submerged  in  the  jar  C  containing  water  in  which  a 
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little  salaniraoniac  has  been  dissolved.  It  will  be  noticed 
that  one  wire  will  give  off  a  greater  number  of  bubble:- 
than  the  other;  this  wire  should  be  connected  to  the 
carbon  terminal  D  of  the  batteries  the  other  wire  A  to 
the  lamp  F.  Having  made  the  proper  connections  ami 
removed  the  wires  from  the  jar  of  water  the  current  i^ 
allowed  to  pass  through  the  cells  for  half  an  hour.  I' 
will  be  found  helpful  if  a  hole  is  melted  through  the  wa> 
of  each  cell  and  the  latter  submerged  in  water  for  a  fe\^ 
minutes  before  the  current  is  passed  through  it.  Wliei 
removing  from  the  water  the  hole  should  be  sealed  b} 
renielting  the  wax. 

M.vHTiN  McGerry. 
Holley,  N.  Y. 

Reversed     Polarity 

Mr.  Gibbeney's  inquiry  in  the  Jan.  14  issue  does  noi 
state  what  kind  of  load  was  being  carried  at  the  time 
but  I  presume  it  was  a  motor  load.  Due  to  the  suddei 
slowing  down  of  the  engine  the  motors  failed  to  respont 
to  the  sudden  change  of  speed.  Had  the  engine  slower 
down  gradually  the  motors  would  have  responded  and  alsc 
.slowed  down,  but  due  to  the  momentum  of  the  shaftin; 
and  machines  which  they  were  driving  they  were  drivei 
as  generators  feeding  current  back  through  the  line  am 
series  winding  to  the  generator.  The  shunt  field  had  be 
come  so  weak  by  that  time  it  was  neutralized  and  thi 
polarity  reversed. 

That  no  trouble  was  noticed  on  speeding  up  the  en 
gine  again  except  the  reversal  of  the  polarity  was  du^ 
to  the  current  being  so  weak  by  that  time  in  the  releasi 
magnets  of  the  starting  boxes  that  they  had  let  go  an' 
the  starting  arm  had  gone  to  the  off  position,  thus  open 
ing  the  line  between  generator  and  motor.  Had  they  no 
done  so  there  would  have  been  a  short-circuit  which  wouli 
have  blown  the  fuses  on  the  motors,  or  blown  the  circuit 
breakers. 

It  will  lie  noticed  on  sluitting  down  a  direct-curreii 
motor  that  there  is  sometimes  quite  an  interval  of  tim 
after  the  main  switch  is  pidled  before  the  motor  stops,  dvf 
to  the  momentum  of  the  shafting  or  machines  which  ar 
being  driven. 
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Also  the  arm  on  the  starting  l)ox  stays  up  against  the 
release  magnet  until  the  motor  is  almost  to  a  staudstill, 
which  shows  that  the  motor  is  acting  as  a  generator  and 
continues  as  such  until  it  fails  to  generate  sufficient  cur- 
rent to  hold  the  starting  arm  in  place  when  the  spring 
en  the  arm  throws  it  to  the  off  position. 

Lkox  L.  Pollaku. 

Fairfield,  Maine. 


In  all  probability  Mr.  Gibbeney  has  one  or  more  motors 
on  the  line  pulling  machinery  with  heavy  rotating  parts. 
When  the  governor  ou  the  engine  was  unlatched  the  mo- 
mentum of  these  parts  kept  their  driving  motors  running 
long  enough  to  generate  enough  current  to  reverse  the 
polarity  of  the  generator. 

If  he  had  raised  the  voltage  and  brought  these  motors 
ip  to  speed  with  the  polarity  reversed,  unlatched  the  gov- 
?rnor  again  suddenly  for  a  moment,  tripped  the  ma- 
chine circuit-breaker,  and  brought  Hie  engine  back  to 
•peed,  I  think  he  would  have  found  the  polarity  correct 
igain. 

Earl  Pagett. 

Cort'evville,  Kan. 


The  reversal  of  polarity  was  probably  indirectly  cau.sed 
)y  a  temporary  short  or  overload,  which  unlatched  the 
governor  and  in  turn  slowed  down  the  engine. 

In  the  meantime  moderate  to  heavy  currents  were  tlow- 
ng  through  the  armature  circuit  and  a  minimum  t-urrcut 
*-as  passing  through  the  shunt  field  by  reason  of  the 
lower  speed. 

Hence  the  armature  reaction  neutralized  and  reversed 
he  already  weak  field,  and  the  latter  in  turn  reacted  on 
he  slow-moving  armature  coils  and  created  a  reversed 
lectromotive  force  which  reached  normal  when  the  si)eed 
eached  the  ordinary  limit. 

Bi:y   Dawsox. 

Cedar  liapids.  Iowa. 

[Replies  similar  to  those  of  Mr.  Pollard  and  Mr. 
'agett  were  received  from  William  Hirst,  Trenton,  X.  J.; 
.  W.  Bend,  Cincinnati,  Ohio,  and  J.  L.  Birchell,  of 
laltimore,  Md. — KniToi!.  | 

Water  Level  Indicator 

M  luy  diiferent  schemes  are  in  use  to  indicate  the  height 
f  water  in  tanks  and  reservoirs,  most  of  which  u.se  con- 
icts  and  a  battery.  The  accompanying  sketch,  however, 
liowK  a  scheme  that  uses  neither  of  the.se  features. 

It  is  simply  a  reactance  coil  having  a  moval)le  core, 
ctuated  by  the  float,  the  water  level  being  gaged  by  the 
rightness  of  the  lamj).  I  u.sed  an  indicator  of  this  kind 
)  indicate  the  approximate  height  of  the  water  in  the 
jrcbay  of  a  hydro-electric  plant.  Two  8-cp.  lamps  con- 
ecled  in  parallel  and  placed  side  by  side  in  a  cons])icuous 
ositioii  in  the  dynamo  room  were  connected  through  l.SDO 
;.  of  \o.  10  .single  copper  wire  to  the  reactance  coil 
laced  at  the  foreliay  up  on  the  mountain  side.  The  steel 
ater  pipe  was  u.sed  for  the  return  circuit.  Tlie  biinps 
urn  brightly  at  low  water  and  dim  at  liigli  water  and 
fter  a  little  experience  the  operator  is  able  to  .judge  very 
!o.sely  the  intermediate  points 

For  tliosc  wbn  iniirbt   want   to   make  sucli  an    indicator 


where  the  conditions  are  similar  to  the  foregoing,  I  sub- 
mit the  following  data : 

The  difference  in  water  level  to  be  indicated  was  20  in. 
The  coil  was  20  in.  long,  made  by  winding  13  layers  of 
No.  18  cotton-covered  copper  wire  on  a  piece  of  fiber 
tube  of  78  '11-  inside  diameter;  core  of  %-in.  solid  soft 


Rkactaxce  Coil  in  CiRrriT  of  Sioxal  Light 

iron,  20  in.  long  or  over.  One  16  cp.  or  two  8  cp.  lamps 
were  connected  in  parallel  and  put  in  series  with  the  coil. 
The  supply  was  110-volt  alternating  current. 

F.  J.  Storey. 
Richmond,  Calif. 


Accident  to  Induction  Motor 

A  ]25-hp.  two-stage  motor-driven  turbine  pump  was 
installed  for  fire  purposes.  It  had  been  run  only  a  couple 
of  times  for  a  few  minutes  on  each  occasion  and,  at  the 
third  trial,  the  operator  heard  a  tearing  noise  and  im- 
mediately shut  off  the  power.  Upon  removing  the  end  of 
the  motor  casing,  it  was  found  that  .some  of  the  coils 
had  dropped  and  came  in  contact  with  the  fan  blades, 
which  had  torn  the  insulation  from  several  of  them. 
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armature  was  removed,  the  lorn  in; 
tajied  and  the  coils  carefully  tied  up.  The 
sbows  the  armature  removed  and  the  method 
up  and  su]i|)ort  the  coils. 

James  E.   Xohle 
London  .lunction.  Out..  Can. 
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Operating    Costs    of    Small    Gas    Engine       periods  for  a  typical  daily  ruu,  and  Table  3  gives  the  gas 
^  ^  ^,  consumption  and  electrical  output  for  the  month  of  April, 


Plant 

By  M.  W.  Utz 

The  following  operating  data  arc  taken  from  the  rec- 
ords of  the  Municipal  Electric  Light  Plant  of  Minster, 
Ohio.  The  plant  consists  of  one  12xl2-in.  and  one  11x12- 
in.,  three-cylinder  vertical  four-stroke-cycle  gas  engines 
direct  connected  resijectively  to  68.5-  and  50-kw.,  250- 
volt  direct-current  generators.  Engine  No.  1  is  here- 
with shown. 

Both  engines  have  make-and-break  ignition,  current  for 
engine  No.  1  being  supplied  by  a  magneto  bolted  to  the 
engine  frame  and  driven  by  a  friction  pulley  from  the 
flywheel;  engine  No.  2  is  supplied  by  a  1/4 -kw.  generator 
belted  to  the  engine  shaft.  Both  arc  equipped  with  bat- 
teries for  starting  or  for  use  in  case  of  a  breakdown  of 
the  magneto  or  generator. 


One  of  the  Main  Units 

Compressed  air  at  225  lb.  pressure  is  used  for  starting, 
this  being  furnished  by  &  3x4-in.  duplex  compressor,  belt- 
driven  by  a  2-hp.  gas  engine.  Natural  gas  of  about  900 
B.t.u.  per  cu.ft.  is  used  for  fuel.  The  engines  arc  lubri- 
cated by  the  splash  system  and  use  four  gallons  of  oil  per 
24  hr.,  the  oil  costing  19c.  per  gal. 

The  first  cost  of  the  engines,  generators,  air  compressor, 
tanks,  switchboard,  etc.,  was  $9000.  Engine  No.  1  has 
been  in  service  three  years,  running  about  16  hr.  per  day, 
and  engine  No.  2  has  been  in  service  two  years,  running 
about  18  hr.  per  day.  The  repairs  on  these  engines  since 
their  installation  have  been  practically  nothing  and  the 
service  is  good. 

Owing  to  the  fluctuations  of  the  day  load,  and  the  ease 
of  starting  an  engine,  one  engine  is  started  and  stopped 
quite  frequently.  An  engine  can  be  started,  brought  up 
to  speed  and  cut  in  at  the  switchboard  in  parallel  with  the 
other  in  little  over  a  minute. 

Table  No.  1  .shows  how  the  load  varies  during  different 


TABLE  1 

TYPICAL 

DAILY 

.OAD 

Cu.ft     of   G 

as 

Output  in 

Time 

Consumed  per 

Hr. 

Kilowatt-1 

12  M.    .. 

41.5 

1  a.m 

26 

2 

410 

24 

3 

4 

.S!in 
:is.5 

24 
23 

.S 

37.5 
325 
400 
,5.50 
475  ■ 

20 

25 

40 

9 

36 

10 

475 

35 

11 

475 

35 

12  nnnn. 

400 

26 

1  p.m. 

375 

25 

2. 

.575 

45 

3 

475 

36 

4 

.500 
475 

40 
38 

U 

425 

26 

475 
.585 

31 

■s 

43 

9 

.590 

43 

10... 

150 

27 

11... 

-100 

23 

12. ... 

325 

19 

Total.... 

10,725 

723 

Average  gas  con.sumed  per  kilowatt-hour  =  14  8  cu.ft. 
Oil  conaumed  =4  gal. 

1912.  Table  3  gives  figures  on  the  cost  of  power  for  one 
month,  is  fairly  accurate  and  also  a  good  average  for  the 
year. 

TABLE  2.  GAS  CONSUMPTION  AND  ELECTRICAL  orTPrT  FOR 
ONE  MONTH 


Cu.ft    of  Gas 

Output  in 

Fuel  cost  per  Ki 

Date 

Consumed 

Kilowatt-hour 

watt-hour,  cen 

1 

9,500 

560 

II  (10.50 

9,850 

599 

0  OIM'.I 

10,200 

635 

0.(1048 

9,825 

587 

0.005U 

9,725 

566 

0.0051 

c 

10,9.50 

684 

0.0048 

V 

0,350 

369 

0.0051 

S 

10,000 

642 

0  0046 

1) 

9,8.50 

625 

0  0047 

(1 

10,050 

638 

0  (1(147 

9,875 

6S3 

0  0045 

10,000 

660 

0.0045 

10,650 

682 

0.0046 

4..  . 

5.875 

304 

0.0058 

10,125 

665 

0  0045 

9.7,50 

621 

0.0047 

7..  . 

10.950 

724 

0,0045 

10,725 

723 

0,0044 

9   . 

10,325 

677 

0  0045 

10,400 

658 

0,0047 

5,560 

287 

0,00,58 

9,.525 

561 

-) ,  0050 

9,375 

.578 

0  0048 

4 

9,175 

552 

0,0049 

8.975 

.536 

0,0050 

9.375 

575 

0  (1048 

9,775 

615 

0.0047 

5.375 

276 

0.00.58 

10,900 

705 

0.0046 

iO.. 

...                10.250 

651 

0 . 0047 

Total 

283,2.50 

17,608       > 

verage.  .0.0482 

TABLE  3.  TOTAL  COSTS  FOR  MONTH 

Fuel: 

283,250  cu.ft.  of  gas  at  0.30  c.  per  1000  cu.ft $84  97 

Labor: 

2  engineers  at  $55  each llC  00 

Oil: 

120  gal.  at  0.19c.    per  gal ?2'fn 

Interest,  depreciation,  etc.  15  per  cent,  per  annum  on  $9000 112. ou 


Cost  per  kw.-hr.  =330. 27 
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The  Paragon  Engine 

One  of  the  difficulties  met  with  in  gas-  ami  oil-eugiue 
practice  is  the  high  pressure  aud  temperature  of  the  ex- 
haust gases,  which  not  only  carrj-  ofE  considerable  heat, 
but  also  have  to  be  passed  through  a  silencer.  Many  at- 
tempts have  been  made  to  overcome  this  drawback  by 
adopting  the  compounding  principle  as  in  steam  engines 
and  by  other  means,  but  hitherto  none  of  these  has  at- 
tained any  appreciable  measure  of  success.    W.  P.  Durt- 
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Fig.  1.  Sectiox  through  Exgixe 

nail,  however,  the  inventor  of  the  "Paragon"  system  of 
electrical  transmission  of  power  for  the  propulsion  of 
vehicles,  ships  and  railway  trains,  has  recently  devised 
an  entirely  new  method  of  solving  the  problem,  which 
seems  calculated  to  achieve  the  desired  end  without  in- 
troducing complications  into  the  design. 

To  put  the  matter  briefly,  Mr.  Durtn.ill  controls  die  ex- 


botli  in  the  cylinder  cover,  and  the  exhaust  valve  is  a 
sleeve  covering  a  ring  of  ports  around  the  middle  of  the 
cylinder,  and  operated  by  a  rod  from  the  crankshaft.  The 
cycle  is  as  follows : 

Starting  with  the  piston  at  the  top  of  the  compres- 
sion stroke,  and  the  crank  on  the  inner  dead  center,  as 
shown,  the  air  in  the  compression  space  is  at  a  pressure 
of  about  500  lb.  per  sq.in.,  and  a  temperature  of  about 
1000  deg.  F.  As  the  crank  passes  the  center,  the  fuel  oil 
is  sprayed  into  the  compression  space,  and  immediately 
ignites,  continuing  to  burn  and  to  maintain  the  pressure 
over  a  portion  of  the  working  stroke,  as  in  the  ordinary 
Diesel  type.  After  the  fuel  is  cut  off,  the  gases  expand 
until  the  piston  reaches  the  end  of  its  stroke,  the  exhaust 
ports  being  closed  by  the  sleeve;  at  the  end  of  the  stroke 
the  gases  are  almost  at  atmospheric  pressure  and  a  com- 
paratively low  temperature,  and  the  exhaust  valve  now  be- 
ing opened,  they  escape  almost  noiselesslj'.  The  air 
.scavenging  valve  is  now  opened,  and  a  rush  of  air  through 
the  cylinder  and  out  of  the  exhaust  ports  sweeps  away 
the  products  of  combustion,  until  the  piston  on  the  return 
stroke  covers  the  exhaust  ports  and  begins  to  compress 
the  charge  of  pure  air  trapped  in  the  cylinder.  The  rise 
of  pressure  closes  the  air  admission  valve,  and  at  the  end 
of  the  inward  stroke  the  cycle  is  repeated. 

It  will  be  seen  that  the  expansion  stroke  is  twice  as 
long  as  the  compression  part  of  the  stroke.  The  indicator 
diagram  obtained  is  shown  in  Fig.  2,  the  stroke  being 
represented  by  the  length  EC.  In  an  ordinary  Diesel 
engine  with  this  length  of  stroke,  the  compression  space 
would  correspond  to  EII,  but  in  the  Paragon  engine  the 
compression  space  is  reduced  to  EG,  and  compression  does 
not  begin  imtil  the  piston  arrives  at  the  point  D.  At  A 
compression  is  complete,  from  A  to  B  the  fuel  is  burning, 
and  from  B  to  C  expansion  takes  place,  release  occurring 
at  C.  The  shaded  area  F  represents  the  work  of  com- 
pression, the  remainder  of  the  diagram  being  a  measure 
of  the  useful  work  done  on  the  piston. 

Fig.  3  shows  the  diagram  of  a  Paragon  engine  working 
on  the  four-stroke  cycle.  In  this  case  compres.sed  air  is 
not  used  for  scavenging.  On  the  suction  stroke,  from  A 
to  B,  air  is  drawn  into  the  cylinder;  at  B  the  induction 
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haust  valve  in  such  a  way  that  the  travel  of  the  ])iston 
during  expansion  of  the  charge  is  twice  as  long  as  its 
travel  during  compression.  It  is  put  into  practice  without 
m  any  way  affecting  the  regularity  of  the  stroke  of  the 
l>iston,  which  is  always  of  the  same  length.  The  prin- 
ciple is  applicable  to  both  two-stroke-cycle  and  four- 
stroke-cycle  Diesel,  as  well  as  ga.s  engines. 

Fig.  1  .shows  a  section  of  a  Diesel  engine  of  the  (wo- 
stroke-cycle  type  using  the  "Paragon"  cycle.  Besides  the 
fuel  valve  there  is  a  valve  to  admit  air  for  .scavenging, 


valve  is  closed,  and  the  pressure  in  the  cylinder  falls 
below  atmospheric  pressure,  as  shown  by  the  line  falling 
from  B  to  D,  the  effect  of  the  difference  of  pressures  on 
the  front  and  back  of  the  piston  being  to  check  the  mo- 
tion of  the  piston  and  the  parts  attached  to  it,  and  on 
the  return  stroke  to  accelerate  these  parts,  thus  cushion- 
ing the  stroke  as  in  a  .steam  engine,  without  appreciable 
loss  of  energy.  At  B  on  the  return  stroke  compression 
commences,  and  at  E  it  is  complete :  the  fuel  is  then 
spraj'cd  in,  and  burns  during  the  working  stroke  up  to  the 
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point  F,  after  which  expausion  proceeds  to  the  end  of  the 
stroke  at  C.  The  exhaust  valve  is  opened  as  the  crauk 
passes  the  center,  and  on  the  return  stroke  the  piston 
sweeps  out  the  burnt  gases,  the  cycle  being  then  repeated. 
Evidently  the  same  effect  is  obtained  as  in  the  case  of  the 
two-stroke-cycle  engine. 

Owing  to  the  reduced  wall  surface  of  the  compression 
space,  it  is  claimed  that  less  heat  is  lost  to  the  jacket, 
and  the  longer  expansion  permits  a  larger  proportion  of 
the  energy  to  be  abstracted  from  the  gases,  so  that  an 
increased  thermal  efficiency  is  obtained.  The  engine  can 
also  be  worked  on  the  Beau  de  Kochas  cycle,  in  which 
the  compression  pressure  is  only  about  80  lb.,  the  engine 
being  run  with  gas. 

Pound    in    Engine    Cylinder 

Replying  to  Mr.  Abel's  iiii|iiiry,  appearing  in  the  Jan. 
28  issue,  it  seems  very  probal)le  that  the  pound  is  caused 
by  too  early  ignition  in  one  of  the  three  cylinders.  This 
condition  could  occur  from  anyone  or  a  combination  of 
causes,  such  as  the  crankpins  not  being  spaced  exactly 
120  deg.,  the  timing  possibly  not  occurring  at  exactly  34U 
deg.,  or  a  combination  of  the  two  inaccuracies,  both  being 
added  in  the  one  cylinder. 

The  following  is  a  much  more  probable  solution : 

A  crankshaft  so  weak  as  not  to  be  able  to  withstand  the 
torsional  strain  at  full  power  without  presenting  one 
crankpiu  out  of  its  proper  timing,  might  cause  such  a 
condition  as  described.  The  energy  stored  in  the  flywheel 
on  the  end  of  the  crankshaft  not  coupled  to  the  generator, 
might  cause  a  lag  in  the  crankpin  motion  at  full  load  that 
would  not  show  when  the  power  is  reduced  by  means  of 
an  over-rich  mixture,  or  when  the  power  demands  are 
lessened  by  a  partly  closed  throttle  and  later  timed  igni- 
tion. 

A.  E.  Potter. 

New  York  C'itv. 


Care  of  Dry  Cells 

The  dry  cell  has  many  ponits  m  its  favor  as  a  source 
of  ignition  current  for  small  gas  and  gasoline  engines, 
especially  those  used  for  portable  work,  such  as  operating 
concrete  mixers,  sawing  rigs  for  contractors'  use  and 
other  similar  work.  A  set  of  ivy  cells  has  the  advantage 
over  any  other  source  of  ignition  current  that  the  first 
cost  is  low,  and  as  magnetos,  and,  in  fact,  all  devices  for 
supphing  ignition  current,  are  liable  to  injury  or  dam- 
age through  exposure  in  the  kind  of  work  referred  to, 
the  loss  is  small,  even  if  the  battery  is  ruined  through 
accident. 

The  dry  cell,  unless  carefully  protected,  is  liable  to  in- 
jury by  rough  handling  and  the  jolting  incident  to  the 
service  for  which  it  is  used.  The  connections  are  likely 
to  become  loose,  the  hard  wax  seal  broken  or  the  cells 
short-circuited  through  carelessness  in  allowing  tools  to 
be  thrown  across  them.  The  life  of  the  dry  cell  is  often 
materially  shortened  through  drying  out.  It  is  also  liable 
10  be  .short-circuited  through  exposure  to  rain  and  snow. 

With  the  idea  of  overcoming  these  difficulties  a  set  of 
dry  cells  was  placed  in  a  box  just  large  enough  to  ac- 
commodate them  and  deep  enough  so  that  the  tops  of  the 
binding  posts  were  about  an  inch  below  the  top  of  the 


box,  the  connections  made  and  the  terminal  wires 
led  outside  the  box.  The  entire  space  around 
the  batteries  was  then  filled  '  with  melted  i^ara- 
ffiu  up  to  a  level  with  the  top  of  the  box. 
Paraffin  shrinks  in  cooling,  but  with  the  space  al- 
lowed between  the  tops  of  the  binding  posts  and  the  top 
of  the  box  all  the  cells  and  connections  were  completely 
covered  with  the  wax  when  cold.  The  battery  was  then 
put  in  service  on  a  portable  outfit,  where  it  was  exposed 
to  every  change  of  temperature  and  humidity.  During 
its  life  it  passed  through  one  severe  rainstorm,  being  left 
outdoors  unintentionally,  a  circumstance  that  would  have 
ruined  an  unprotected  set  of  batteries.  The  engine  was 
used  intermittently  and  for  this  class  of  service  the  bat- 
tery lasted  ten  months,  a  very  remarkable  record. 

The  cost  of  fixing  the  batteries  in  this  manner  is  very 
small.  If  a  box  just  large  enough  is  used,  the  cost  of 
paraffin  is  small.  In  the  foregoing,  -1  lb.  were  used,  cost- 
ing 6c.  per  lb.  In  addition  to  the  economy,  the  assur- 
ance that  the  batteries  are  always  in  good  condition  and 
ready  for  service  is  worth  considenible. 

.Ia.mks  II.  Bkattie. 

Washington.    H.   ('. 

Misleading  Indicator  Diagram 

While  running  an  economy  test  on  a  'j.y^xVijA  in. 
Otto  gas  engine  using  illuminating  gas  as  fuel,  an  indi- 
cator diagram  was  obtained  as  shown.  At  first  sight 
it  seems  an  exceptionally  good  diagram  with  nothing 
irregular.  If  the  cycle  be  gone  over,  however,  it  will 
be  found  that  the  suction  line  apparently  lies  above 
the  atmospheric  line.  This  represents  an  impossible 
condition,  since  the  inlet  gases  were  at  atmospheric  pres- 
sure, and  they  will  flow  only  when  the  final  pressure  is 
lower  than  the  initial. 

Several  diagrams  similar  to  the  one  shown  were  ob- 
tained, indicating  that  the  irregularity  was  not  due  to  the 
shiftinsr  of  the  card  on  the  drum.     The  trouble  was  then 
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investigated,  and  was  found  to  be  in  the  indicator  mech- 
anism. There  was  lost  motion  due  to  a  loose  connection 
between  the  vertical  link  running  up  from  the  piston  and 
the  beam  to  which  the  pencil  is  attached.  This  allowed 
the  pencil  to  remain  above  the  atmospheric  line  whenever 
it  was  applied  to  the  drum,  the  friction  between  the  pen- 
cil and  the  paper  preventing  the  beam  from  falling  so  as 
to  trace  the  stiction  line. 

L.  GiiOSsCAiTJi. 
Xew  York  City. 


February  18,  1913  POWER  227 

|||||U|||UIIIIIIIIIII Ullllllllllll HIIII I I Illllllllllllllllllllllllllllllllllllllllllllllllllllllll I I HIIIIII I II Illlll IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIII Illllllllllllllllllllllll Illlllllllllllll I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE 

I  HEATING     AND    VENTILATION  I 


^iiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiii iiiiiiii iiiiiii niiiiiiiiiuiiiiiiii iiiiiiiiiiiiiiiiiiiii iiiiiiiii iiiiini iiniiiiiiiiiiiiiiiiiiniiiiiiiiinniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^^ 


Condensing    Plants    for    Large 
Commercial  Buildings 

In  an  article  in  the  Jan.  21  issue,  Mr.  Evans  has  ad- 
vanced the  proposition  of  applying  the  present-day  prac- 
tice of  central  stations  to  oflfice-building  isolated  plants 
when  the  load  exceeds  200  hp.  This  idea  is  in  many 
respects  excellent  and  is  worthy  of  serious  discussion.  The 
problem,  however,  is  hardly  capable  of  any  general  so- 
lution and  no  general  statements  can  be  drawn  up  that 
will  apply  equally  to  all  cases.  In  the  final  analysis  each 
building  must  be  taken  as  a  separate  problem  and  the 
most  economical  system  can  only  be  determined  after  a 
careful  study  of  all  the  factors. 

There  is  hardly  a  building  in  Xew  York  City  that 
could  compete  with  the  Edison  Co.  were  it  not  for  the 
fact  that  during  the  six  or  seven  months  of  the  year 
when  the  lighting  load  is  the  heaviest,  heat  is  neces- 
sary, and  the  amount  of  coal  required  is  practically  the 
same  whether  the  electricity  is  generated  or  purchased. 
It  is  then  only  during  the  summer  months  that  the  cost 
of  generating  electricity  is  an  important  item  and  the 
saving  during  the.se  months  when  the  load  is  the  light- 
est would  not  be  in  most  cases  suitable  to  warrant  the 
expense  of  more  economical  engines  and  condenser  equip- 
ment. 

In  presenting  his  side  of  the  case,  it  would  .seem  that 
Mr.  Evans  has  avoided  some  of  the  disadvantages  and  also 
u.sed  figures  that  hardly  agree  with  current  practice.  In  a 
building  over  10  stories  high  where  forced  hot  water  is 
u.sed  for  heating  and  it  is  necessary  to  divide  the  system 
into  independent  units,  there  is  the  disadvantage  of  hav- 
ing the  equipment  in  two  parts  of  the  Iniilding  and  a 
necessary  less  of  time  in  going  from  one  to  the  other. 
Also  the  problem  of  making  the  steam  line  to  the  exhaust 
heater  tight  under  20  in.  of  vacuum  becomes  difficult.  In 
a  20-story  building  with  a  heater  on  the  tenth  floor  the 
steam  connection  would  be  sonic  1 -"io  ft.  \itu'^  witli  several 
fittings  and  couplings. 

Tiie  statement  that  all  large  buildings  have  more  or 
less  undesirable  space  in  the  basement  is  hardly  true. 
From  the  tight  sqeezes  in  inaTiy  office-building  power 
plants  it  would  seem  tiiat  just  tiic  reverse  is  the  case.  In 
figuring  tiie  cost  per  year  for  inecbanical  service  with  and 
without  isolated  plants,  the  extra  space  required  by  the 
engine.s,  generators  and  switcliboard  is  usually  charged 
against  the  plant.  Jn  this  case  the  value  of  the  floor 
space  required  l)y  a  cooling  tower  siiould  be  charged 
against  the  saving  effected  by  its  u.se. 

The  figure  of  21  lb.  of  steam  ))er  kilowaH-hour  at  the 
switchboard  for  a  condensing  engine  is  hardly  a  fair  one 
as  a  conipouiiil  Corliss  engine  working  under  ideal  con- 
flitioiis  woulil  be  necessary  to  ol>taiii  this  water  rate.  This 
type  of  ciigiiic  is  rarely  u.sed  in  office-building  work. 

The  difTorcnce  in  tlie  water  rate  of  steam  engines  run- 
ning condensing  and  noncondensing  is  aliout  20  per  cent., 
and  the  amount  of  steam  required  for  the  condensing  ap- 
]iariitus  will  average  7  per  cent,  of  the  steam  used  by  the 


engine  .so  that  a  condensing  plant  is  much  nearer  to  13 
than  25  per  cent,  more  efficient  than  a  noncondensing 
plant.  With  hot-water  heating  the  point  that  just  enough 
heat  can  be  furnished  to  provide  for  the  outside  tem- 
perature and  that  overheating  of  the  rooms  and  the  wast- 
ing of  heat  to  the  atmosphere  through  open  windows  is 
eliminated,  is  well  taken.  It  is  a  well  known  fact  that  in 
large  office  buildings  heated  by  steam  the  radiators  are 
very  rarely  touched,  the  temperature  of  tlie  room  being 
regulated  by  opening  one  or  more  of  the  windows. 

In  most  buildings  in  Xew  York  City  it  is  the  author's 
opinion  that  the  results  would  not  favor  a  system  such 
as  suggested  by  Mr.  Evans,  yet  the  idea  is  of  enough 
value  to  be  considered  as  a  probable  method.  In  some 
localities,  such  as  San  Francisco,  where  the  heating  load 
is  much  less  than  the  light  and  power  loads,  it  would 
probaidy  be  the  most  economical  system  and  might  be  the 
deciding  factor  in  favor  of  a  plant  when  other  systems 
would  not  justify  it. 

W.  L.  DUKAXD. 

Brooklvn,  X.  Y. 


In  the  following,  an  attempt  will  be  made  to  answer 
in  order  the  points  in  Mr.  Durand's  discussion  as  to  the 
feasibility,  from  a  commercial  standpoint,  of  the  arrange- 
ment of  the  plant  propo.sed  in  the  Jan.  21  issue. 

It  is  conceded  that  each  particular  plant  would  have 
to  be  analyzed  before  a  decision  could  be  made  on  the 
type  of  equipment  to  be  installed,  precisely  as  at  present. 
The  discussion  mentions  the  comparatively  slight  varia- 
tion in  heat  consumption  of  steam  systems,  for  varying 
outside  weather  conditions,  and  the  wastefulness  due  to 
open  windows  when  rooms  become  overheated.  The 
familiarity  of  engineers  with  the  physical  action  of 
steam-heating  plants  causes  a  lack  of  appreciation  of  tlu^ 
advantages  of  the  wide  range  of  temperature  and  heat 
requirements  of  a  hot-water  system  under  forced  cir- 
culation, and  the  bearing  of  this  feature  on  the  method 
tt  operation  proposed.  There  are  very  few  commorcial 
buildings  of  any  size  where  the  power  load,  a  large  por- 
tion of  the  time,  does  not  provide  steam  greatly  in  ex- 
cess of  the  healing  requirements.  A  glance  at  the  ex- 
haust heads  in  lower  Xew  York  any  winter  afternoon  will 
show  the  fallacy  of  Mr.  Durand's  statement  that  the 
amount  of  coal  required  would  be  nearly  the  same 
whether  the  electricity  were  generated,  and  exhaust  used 
for  heating,  or  |Mircbascd  and  the  hcMting  operated  by 
live  steam. 

Under  the  conditions  named,  a  ]iortion  of  the  power 
load  may  be  o]»crated  to  furnish  steam  under  reduced 
vacuum  for  heating,  and  the  balance  7nay  be  operated 
under  the  maximum  vacuum  on  a  .separate  nnichine.  The 
condenser  would  have  to  take  care  only  of  the  surplus 
power  load  ])lus  about  o  per  cent,  of  that  required  for 
beating.  The  full  condensing  effect  of  the  heating  sys- 
tem is  obtained  at  practically  no  expense. 

Where  automatic  heat  control  is  provided,  a  steam 
system   utilizes  nearly   the   same  quantity   of   heat  as  a 
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water  system;  but  the  pressure  and  temperature  of  the 
exhaust  steam,  which  affects  the  engine  economy,  is  the 
same  at  all  times  or  a  little  worse  in  mild  weather.  Where 
the  power  load  is  not  much  over  200  hp.,  it  would  prob- 
ably not  pay  to  install  a  cooling  tower  of  large  size.  Vac- 
uum could  be  carried  in  connection  with  the  hot-water 
system  in  winter,  according  to  outside  weather  conditions 
and  the  exhaust  steam  *asted  to  atmosphere  in  summer, 
as  it  is  at  present.  In  this  case,  the  cooling  tower  or  con- 
denser would  be  very  small  and  all  of  the  condensing  ef- 
fect produced  by  the  heating  system.  A  fan  system  for 
ventilation,  operated  in  connection  with  the  water  system, 
would  answer  the  same  purpose. 

The  fact  that  the  water  system  uses  just  the  amount 
of  steam  required  at  comparatively  low  temperature  in 
average  weather,  makes  condensing  profitable.  It  would 
be  practically  impossible  with  a  vacuum  steam  system. 


TABLE  1 

STE.WI  RATES  OF  500-KW 

TURBINE  AT  DIFFERENTJ 

VACUUMS  AND 

HE.\TING 

REQUIREMENTS 

Per  cent. 

of  Total. 

Steam  for 

Day  Heat- 

Steam 

Heating  in 

ing,  Taken 

Av. 

Vacuum 

Steam 

Rate   in 

Per  Cent. 

by  Each 

Temp. 

to    Pro- 

Rate per 

Per  Cent. 

of  0  to  10- 

Outside 

Period 

Heating 

duce  Wa- 

Kw.-hr. 

of  Atmoa- 

Deg.  Per- 

Temp., 

(1.545  hr.) 

Water, 

ter  Temp., 

(500  kw. 

pheric  Rate 

iod 

Deg.  F. 

Deg.  F. 

In. 

Unit) 

0-10 

0  6 

200 

0 

43 

100 

100 

10-20 

3  23 

190 

6.4 

39 

90 

90 

20-30 

13  25 

177 

11   5 

35 

80 

79 

30-40 

32  4 

163 

17 

31  4 

73 

70 

40-50 

22  6 

143 

22 

27,3 

63.5 

.56.4 

50-60 

27  8 

115 

26 

23 

S3  5 

46.2 

Table  I  gives  the  exact  operating  conditions  of  a  tur- 
bine plant  and  hot-water  heating  system,  with  average 
temperature  of  the  water,  amount  of  vacuum  to  produce 
the  water  temperature  and  steam  consumption  of  the 
turbines  without  auxiliaries.  The  amount  of  .steam  re- 
quired in  the  0-  to  10-deg.  period  is  taken  as  100  per 
cent.  The  percentages  of  time  are  tho.se  during  the  day 
taken  from  the  Weather  Bureau  reports.  It  may  be 
roticed  that  the  range  in  percentages  of  the  turbine  for 
a  constant  load  vary  almost  exactly  with  the  heating  re- 
quirements. This  is  not  true  with  the  reciprocating  en- 
gine. The  figures  show  that  a  constant  load  could  be 
carried  throughout  the  winter  on  a  turbine ;  and,  by  vary- 
ing the  vacuum,  the  exact  amount  of  steam  in  tempera- 
ture and  quantity  will  be  provided  for  the  heating  system 
for  all  outside  weather  conditions.  The  rates  given  are 
for  a  500-kw.  Westinghouse-Parsons  turbine.  The  table 
shows  that  17  in.  of  vacuum,  and  above,  can  be  carried 
over  80  per  cent,  of  the  heating  season,  for  the  power 
steam  used  on  the  heating  system,  with  practically  the 
same  amount  of  radiation  and  the  same  temperature  con- 
ditions in  zero  weather  as  would  be  required  by  a  vacuum 
steam  system.  As  the  heating  system  would  be  operated 
in  any  case,  this  condensing  effect  could  be  obtained  for 
practically  nothing.  Mr.  Durand's  statement  that  vac- 
uum could  be  carried  only  in  the  summer,  is  erroneoiis  to 
this  extent.  The  table  shows  that  for  only  about  15  per 
cent,  of  the  time  would  the  economy  of  the  condensing 
machine  be  seriously  interfered  with. 

In  a  vacuum  steam  system,  the  various  vacuum  pumps 
would  require  from  100  to  150  lb.  of  steam  per  horse- 
power-hour; while  the  water  system  would  require  more 
power  at  a  much  lower  steam  rate. 

In  comparing  the  reciprocating  engine  with  the  tur- 
bine, the  friction  load  of  the  former  is  .seldom  taken 
into  account  as  the  engiuie  is  rated  on  indicated  horse- 
power and  the  turbine  on  brake  horsepower.     The  fric- 


tion load  of  a  turbine  is  small  comjjarod  with  that  of  a 
lompound  engine,  as  the  turbine,  due  to  the  high  speed, 
must  be  thoroughly  balanced. 

Table  2  compares  a  500-kw.  compound-condensing  en- 
gine and  a  500-kw.  turbine  imder  different  loads  at  at- 
mospheric pressure  and  26  in.  of  vacuum,  with  saturated 
steam  at  150  lb.  gage  pressure.  The  friction  load  of  the 
engine  is  assumed  for  all  loads  at  121/2  per  cent,  of  full 
load  rating  or  practically  80  hp.  At  full  load  and  one- 
(|uarter  overload,  the  turbine  has  a  somewhat  greater 
steam  consumption  than  the  reciprocating  engine  at 
26  in.  of  vacuum,  but  at  one-half  load  its  steam  rate  is 
less.  The  comparatively  small  size  of  the  turbine  and 
generators,  due  to  the  higher  speed,  reduces  the  initial 
cost  over  an  engine  unit,  and  the  space  occupied  will  be 
about  one-quarter,  an  important  item  in  Mr.  Durand's 
discussion.  The  oil  question  and  separating  apparatus 
would  be  eliminated  on  the  turbine  equipment  and  the 
foundation  is  another  item  in  favor  of  the  turbine. 

In  most  reciprocating  plants,  several  sizes  of  unit  are 
provided  on  account  of  the  poor  economy  of  the  recipro- 
cating engine  under  one-half  load.  This  is  aggravated  by 
clearance  and  cylinder  condensation,  which  do  not  ap- 
pear in  the  indicator  diagrams.  The  turbine  rate  varies 
only  Yo  lb.  between  50  per  cent,  load  and  25  per  cent, 
overload  operated  under  vacuum,  while  the  reciprocating 
engine  shows  an  increase  of  40  per  cent,  at  one-half  load. 
This  means  that  with  the  turbine  the  number  of  units 
can  be  reduced  without  materially  affecting  the  economy 
of  installation. 

When  the  turbine  is  operated  on  the  heating  system 
under  partial  vacuum,  no  adjustments  are  necessary; 
while  with  the  compound  engine  the  cutoff  must  be  varied 
with  the  vacuum,  and  possibly  the  load,  and  the  receiver 
pressure  changed.  The  author  has  personal  knowledge 
of  a  turbine  plant  operated  with  two  machines  for  the 
last  five  or  six  years,  under  a  24-hr.  load,  ranging  from 
250  to  650  kw.,  with  two  peaks.  Space  had  been  pro- 
vided for  two  additional  units,  but  these  have  never  been 
installed. 

There  is  no  question  about  the  poor  economy  of  a  tur- 
bine when  operated  without  vacuum,  but  where  the  vac- 
uum is  reduced  in  zero  weather  to  provide  steam  for 
heating  there  is  little  difference  in  its  economy  and  that 
of  the  reciprocating  engine,  as  live  steam  would  have  to 
be  added  in  the  case  of  the  latter. 

Mr.  Durand's  assumption  that  the  cooling  tower  could 
only  be  iised  during  the  summer  months  is  caused  by  the 
known  excessive  heat  requirements  of  steam-heating  sys- 
tems in  moderate  weather.  In  zero  weather  there  would 
be  practically  no  difference  in  economy  between  the  non- 
condensing  steam-heating  system  and  the  hot-water  sys- 
tem ;  but,  according  to  weather  reports  for  New  York  and 
vicinity,  the  temperature  is  below  20  deg.  only  about  15 
per  cent,  of  the  time  and,  during  the  present  winter, 
there  have  been  very  few  hours  below  32  deg.  during  the 
daytime. 

San  Francisco  is  mentioned  as  a  favorable  place  for 
the  type  of  system  proposed,  on  account  of  the  mild 
climate.  As  the  amount  of  vacuum  is  determined  by  the 
temperature  of  the  circulated  water  and  the  amount  of 
ladiation,  regardless  of  the  latitude,  it  would  probably 
he  better  economy  to  use  less  radiation  and  operate  on 
only  a  slightly  lower  temperature  of  water  than  in  New 
York,  thus  keeping  the  cost  of  the  heating  system  low. 
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As  far  as  the  night  load  is  concerned,  the  power  seldom, 
if  ever,  furnishes  sufficient  steam  for  heating  and  a  dis- 
cussion of  this  period  will  be  eliminated. 

Regarding  the  placing  of  the  hot-water  pumps  on  an 
upper  story,  as  the  circulating  pumps  would  be  motor- 
driven,  the)'  would  require  less  attention  than  the  motors 
for  overhead  traction  elevators.  Attention  is  admitted 
and  required;  but,  in  connection  with  fan  motors  and 
traction  elevator  equipment  in  various  parts  of  a  high 
huilding,  it  would  not  be  a  serious  matter.  The  valves 
for  regulating  the  steam  to  the  system  on  the  upper  level 
would  all  be  in  the  basement  or  engine  room,  together 
with  all  thermometers  and  gages.  This  arrangement 
does  not  contemplate  the  regulation  of  the  heat  by  vary- 
ing the  speed  of  the  pump.  The  difficulty  of  making 
the  exhaust 'pipes  tight  is  admitted;  but  there  would  be 
only  about  four  fittings  and  straight  lengths  of  pipe  and, 
perhaps,  two  valves.  With  the  condensing  equipment  to 
assist,  and  an  average  vacuum  of  about  20  in.,  it  is  not 
insurmountable.  When  carrying  full  vacuum  iu  sum- 
mer or  winter,  this  line  would  be  cut  out  entirely. 

The  use  of  turbines  over  compound  Corliss  engines 
would  give  more  than  space  sufficient  for  a  cooling  tower 
in  a  less  desirable  location  from  a  rental  standpoint.  For 
a  1000-kw.  unit,  using  20,000  lb.  of  steam  per  hr.,  two 
spaces  12  ft.  in  diameter  and  head  room  of  18  ft.  would 
be  sufficient  for  the  cooling  towers. 

The  21-lb.  rate  per  kw.-hr.  referred  to  was  for  a  tur- 
bine without  au.xiliaries  and  was  operated  on  a  heating 
system,  the  condenser  only  keeping  the  circulating  water 
from  becoming  overheated  and  regulating  the  tempera- 
ture and  vacuum. 

It  has  been  the  writer's  observation  that  few  plants 
dare  to  load  the  units  up  to  full  load  on  account  of 
someone  outside  suddenly  throwing  on  sufficient  addi- 
tional load  to  overload  the  generators.  This  varies  in 
different  places.  In  office  buildings,  the  engineer  has 
greater  control  of  the  load,  but  in  large  loft  buildings, 
furnishing  power  to  tenants,  the  load  is  out  of  the  engi- 
I'eer's  control  to  a  great  extent.  Under  these  conditions, 
the  turbine  would  .show  some  advantages. 

Regarding  the  criticism  of  the  high  percentage  of  dif- 
ference in  operating  cost  between  condensing  and  jion- 
(ondensing  conditions,  the  quantity  was  intended  to  ap- 
ply to  a  comparison  of  the  use  of  simple,  high-  or 
medium-speed  engines,  as  generally  operated  against 
.flight  back  pressure  in  installations  of  this  class,  with  the 
possibility  of  condensing  operation  in  connection  with 
the  hot-water  heating  .system,  ilr.  Durand  admits  that 
compound  engines  are  infrequently  installed  in  this  class 
of  work  and  the  comparison  given  shows  that  the  author 
was  not  far  off  in  his  general  assumption. 

The  following  data  regarding  a  plant  about  to  be  in- 
stalled in  a  32-story  office  building,  now  in  course  of 
erection  in  New  York  City,  is  submitted.  Four  400-kw. 
compound  Corliss  units  and  one  200-kw.  unit  have  actual- 
ly been  purciiased.  There  will  be  100,000  sq.ft.  of  heat- 
ing surface,  32  elevators  will  be  installed  and  the.se,  with 
what  miscellaneous  power  will  he  required  in  such  a 
building,  will  aggregate  about  500  kw.,  a  load  which 
would  just  balance  the  heating  with  steam  or  water  in 
zero  weather. 

With  a  turbine,  the  heating  system  would  produce  20 
in.  of  vacuum  on  the  average  load  of  500  kw.  80  per  cent, 
iif  the  heating  .season,  the  cooling  tower  taking  about  10 


jier  cent.,  or  50  kw.  The  cooling  tower  would  have  been 
designed  to  take  care  of  1000  kw.,  which  would  be  ample 
to  produce  26  to  28  in.  of  vacuum  for  the  average  sum- 
mer load.  The  lighting  load  will  be  at  least  400  kw.  for 
1000  hr.  in  winter,  and  this  could  have  been  operated 
entirely  on  full  vacuum,  so  the  cooling  tower  would  have 
considerable  more  than  the  summer  load  to  help  pay  for 
interest  and  depreciation.  The  reduction  in  boiler  power, 
when  running  condensing,  and  the  lower  cost  of  turbine 
units  over  reciprocating  engines,  would  have  been  nearly 
sufficient  to  pay  for  the  cooling  tower  and  condensing 
equipment. 

The  entire  cost  of  power  and  heating  equipment  on  the 
hot-water  condensing  basis  would  have  been  some  $50,000 
less  than  for  the  vacuum  steam  system  with  automatic 
heat  control  and  the  Corliss  engine  outfit,  and  at  least 
20  per  cent,  saving  in  fuel  and  water  could  have  been 
effected. 

In  estimating  the  steam  consumption  of  the  engine,  the 
futhor  perhaps  erred  on  the  low  side ;  but  if  he  had  placed 
il  at  what  he  actually  thought  it  to  be  in  practice,  some 
other  person  might  have  claimed  that  it  was  too  high. 

The  writer  submits  the  following  figures,  which  he 
considers  fair,  as  the  average  difference  between  con- 
densing at  26-in.  vacuum  and  running  noncondensing 
with  a  compound  engine  operating  on  saturated  steam  at 
150  lb.  gage.  The  difference  between  this  outfit  and  a 
simple  engine  would,  of  course,  be  greater.  In  Table  2 
a  rate  of  16  lb.  per  b.hp.-hr.  is  given  for  a  26-in.  vac- 

TABLE  2,     STEAM  RATES  FOR  650-HP.  COMPOUND  ENGINE  AND 
TURBINE 

Per  cent.                             Rate  per     Total  lb.          .\et  Rate  per  Turbine 

load                Hp.              I.  Hp.           Steam            Hp.  Net  Hp,  B.hp.  Rate 

26  in.  vacuum,  sat.  steam,  150  lb.  gage 

125                 812                14.5            11.774            732              16.1  18  5 

100                 650                14                  9.100            570              16  18  5 

75                 488                15                  7,320            408              18  18  0 

50                 325                17                  5,525            245             22  3  18  5 
Atmospheric  exhaust,   150  lb.  gage 

125                 812                20  3            16,484            732             22.52  29  4 

100                 650                IS  5            12,025            570             21.1  28 

75                 488                20.0              9,760            408             24.9  30 

50                  325                 24   5               7,962            245              32  5  34 


1  all  loads  =80  hp. 

lb.  wlu'ii  ()]>i'rating  against   atmospheric 
shows 

0.319  =  32  /)('/•  lenf.  increase 
0.241   =  24  /Iff  ri'itt.  decrease 


Engine  friction  c 

uuin,   and   21.1 
pressure.     This 

5.1 

16"  ' 

5.1 

21 

gross  in  steam  ronsuiiiption  l)etwecn  coiidciisiiig  and  non- 
condensing. 

When  comparing  condensing  and  noncondensing  op- 
eration, a  correction  is  necessary  for  the  itifference  in 
the  temperature  of  the  feed  water.  When  running  non- 
(ondensing,  the  feed  water  is  at  a  temperature  of  200 
or  210  dcg.  and  about  100  dog.  for  26  in.  of  vacuum. 
'J'lie  auxiliary  steam  necessary  to  rai.se  the  water  100  deg. 
Would  be 

16  X  100  =  1600 

1600 

1000 


=   l.t!  U>. 


steam  per  h]).-lir.,  making  the  actual  rate  condensing  17.6 
lb.  instead  of  16  per  hp.-hr.  The  injection  water  will 
have  to  be  pumped  against  75-ft.  head,  including  the 
height  of  the  tower  and  friction  of  the  piping.  If  the 
building  is  not  too  high,  the  tower  may  be  placed  on 
the  roof  without  fans.     The  static  head   on  the  pumps 
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and  apparatus  will  determine  this  factor;  otherwise  it 
will  have  to  go  in  the  basement  or  sub-basement.  In  i^ie 
case  referred  to,  a  flue  10  ft.  square  and  450  ft.  high 
could  have  been  arranged,  which  would  have  furnished 
100,000  cu.ft.  of  air  per  mm.  under  about  2  in.  of  water 
pressure. 

Assume  that  the  cooling  tower  will  cool  the  water  25 
deg.  and  that  the  surface  condenser  is  large  enough   ?u 
that  with  a  20-deg.  rise  all  steam  will  be  condensed.  Tiie 
latent  heat  at  26  in.  of  vacuum  is  1026.    Then, 
16  X   1026  =  16,416  B.t.ii.  per  b.hp. 


16,416 
20  X  60 


=  13.68  U).  wafer  per  min. 


Circulating  this  against  75-ft.  head  would  require 
"13.68  X  ''5  =  1026  ft.-lh.  per  min. 
If  the  hotwell  and  air  pumps  each  handle  16  lb.  of 
water  per  horsepower  of  the  main  unit  per  hour  against 
a  head  of  75  ft.,  it  will  require 

16  X  75  X2  =  2400  ff.-lb.  per  hr.,  or  40  per  min. 
1026   +   40    =    1066  ff.-lh. 


1066 
33,000 


=  0.0323  Jij7. 


With  50  per  cent,  efficiency,  0.0646  hp.  would  be  required. 
Adding  25  per  cent,  for  electrically  driven  pumps,  would 
give  0.08  hp.,  or  0.08  X  16  ==  1.28  lb.  per  b.hp.-hr.  of 
the  main  unit.  This  is  less  than  the  1.6  lb.  required  for 
feed  purposes,  so  that  steam-driven  machines  may  be 
used  without  loss  of  economy  up  to  the  limit  and  the 
exhaust  used  for  feed  purposes.  Correcting  the  steam 
rate,  gives  17.6  lb.  for  26  in.  of  vacuum  and  21.1  lb. 
noncondensing.    Then 


3^ 
ITAi 


=  20  2}er  cent. 


net  for  tiie  increase  in  steam  consumption  when  changing 
from   condensing   to   noncondensing,   and 

; =  16.6  per  cent. 

for  the  saving  net  of  condensing  over  noncondensing 
conditions.  Where  a  fan  arrangement  is  required  for  the 
cooling  tower,  the  figures  would,  undoubtedly,  approxi- 
mate those  of  Mr.  Durand's,  but  in  most  cases,  it  is  the 
belief  of  the  author  that  fans  can  be  avoided. 

It  should  be  remembered  that  this  is  true  only  for  full- 
load  conditions.  If  the  water  rate  condensing  for  all 
loads  were  averaged,  the  percentage  of  difference  would 
be  as  follows:  jr'rom  Table  2  the  average  condensing 
rate  is 

18.15  +  1.81  =   19.96  lb.  =  20  lb. 
The  average  noncondensing  rate  is  25  lb. 

Then  the  percentage  increase  is  5  -^-  20  =  25  per  cent., 
and  the  percentage  decrease,  5  -^  25  =  20  per  cent. 

The  water  saving  through  the  use  of  a  cooling  tower 
would  be  about  3  lb.  per  hp.-hr.  on  all  steam  that  or- 
dinarily escapes  to  the  atmosphere  winter  and  summer, 
as  plants  are  operated  at  present,  at  $1  per  1000  cu.ft. 

It  is  admitted  that  the  turbine  is  not  as  economical  as 
the  steam  engine  at  full  load,  but  with  the  less  number 
of  different-sized  units,  space  occupied  and  the  other 
items  enumerated,  it  should  have  careful  consideration. 
It  is,  of  course,  out  of  the  question  with  vacuum  steam 
systems. 

The  author  would  appreciate  a  further  expression  of 


opinion  from  Mr.  Durand  on  the  above  discussion,  or 
ether  readers  of  Pow?:r  interested  along  these  lines,  as 
improvement  can  only  be  made  by  intelligent  suggestion 
and  criticism. 

Ii!.\  N.  Evans. 
Xew  York  City. 

Water  Leaves  Boiler 

In  answer  to  Luther  Walliug's  inquiry  in  Power  of 
Jan.  21  regarding  backing  up  of  water  in  risers  of  the 
one-pipe  steam-heating  systems,  would  say  that  the  risers 
in  the  wing  are  overloaded  beyond  their  capacity.  The 
size  of  returns  given  by  Mr.  Walling  are  too  small.  Good 
American  practice  is  to  provide  returns  having  one- 
quarter  of  the  area  of  the  steam  line.  In  this  case  for 
the  Si/^-in.  steam  line  a  2-in.  return  should  be  provided, 
and  for  the  3-in.  steam  line  a  iy2-in.  return.  There  is 
also  a  way  to  relieve  overloaded  risers.  If  each  riser  is 
connected  to  an  overhead  equalizing  pipe,  the  greatest 
pressure  in  the  nearest  riser  will  expand  toward  the 
farthest  riser  and  prevent  excessive  pressure  drop.  If 
Mr.  Walling  will  use  an  overhead  equalizing  pipe  and 
put  in  extra  return  lines  to  meet  the  difference  in  area 
he  will  have  no  further  trouble. 

Xew  York  Citv.  C  W.  Eoos. 


I  think  the  return  ends  of  the  circuits  have  been  re- 
duced too  small.  They  should  have  been  at  least  2  in. 
in  diameter  to  give  good  satisfaction  on  a  single-pipe  job. 
However,  if  a  swing-check  valve  be  placed  between  the 
return  line  and  boiler,  with  a  valve  on  each  side  to  al- 
low for  inspection  and  repair  of  the  valve,  this  will  keep 
the  water  from  backing  out  of  the  boilers.  When  a  suffi- 
cient head  of  water  from  condensation  is  obtained,  the 
circulation  will  be  all  right.  I  would  also  recommend 
the  placing  of  a  tee,  with  the  side  opening  looking  down, 
in  the  supply  header.  From  the  bottom  of  the  tee  drop 
a  lV2-iii-  line  into  the  return.  This  will  keep  the  header 
dry  and  take  care  of  any  priming  of  the  boiler.  If  the 
pipe  work  is  properly  arranged,  the  above  repairs  made, 
and  a  pressure  of  3  to  5  lb.  is  carried  in  the  boiler,  there 
should  be  no  more  trouble. 

Moorhead,  Minn.  J.  H.  Xokton. 


The  water  leaves  the  boiler  because  the  supply  and  re- 
turn are  connected  too  close  together  at  the  boiler.  In 
other  words,  if  the  supply  connection  is  near  the  front 
of  the  boiler,  the  return  should  enter  the  rear  end.  I 
would  suggest  running  all  returns  into  one  large  pipe 
and  let  it  enter  the  center  boiler  opposite  from  the  supply. 

Bellefontaine,  Ohio.  W.  T.  HrnD. 


Mr.  Walling  should  close  the  main  steam  valves  on  the 
boilers  and  build  up  the  steam  pressure  to  the  blowing- 
off'  point.  Then  open  the  main  steam  valves  on  the  boilers 
slowly  and  have  the  air  cocks  open  on  the  return  pipes  in 
the  basement  so  that  the  temperature  of  the  return  may 
be  determined.  When  the  water  becomes  hot.  indicating 
that  the  supply  and  return  pipes  have  become  equalized, 
the  air  cocks  may  be  closed  and  the  return  valves  opened 
slowly.  If  they  are  opened  before  the  steam  and  return 
pipes  are  equalized,  water  will  rush  out  of  the  boilers. 

Warm  Springs,  Mont.  Edward  X.  Johxsox. 
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Are  Your  Boilers  Properly  Inspected? 

A  steam-power  plant  represents  a  cash  investment  from 
wliich  no  direct  profits  are  derived.  From  the  day  it  is 
started  it  begins  to  deteriorate,  parts  begin  to  wear  and 
the  metal  in  the  boiler  is  subjected  to  the  action  of  fur- 
nace temperature,  gases  and  to  feed-water  im2:)urities. 

When  a  boiler  fe  given  proper  care  and  when  operating 
conditions  are  of  the  best,  it  may  be  in  good  condition 
after  twenty  years  or  more  of  operation.  Cfai  the  other 
hand,  if  the  boiler  is  abused,  left  to  operate  without 
proper  care,  it  may  become  unsafe  within  a  few  months. 

There  are  three  kinds  of  men  in  charge  of  boilers : 
those  who  are  careful  and  know  their  business;  those  who 
are  careful,  but  not  so  well  informed,  and  those  who  are 
both  careless  and  ignorant  regarding  boiler  operation. 

A  boiler  in  charge  of  a  man  of  the  first  class  would 
1/e  in  safe  hands  and  would,  undoubtedly,  be  found  in 
good  condition.  With  the  second  sort  of  attendant,  it 
would  be  difficult  to  hazard  a  guess  as  to  the  condition  of 
the  boiler.  If  the  engineer  did  not  know  where  to  look 
for  defects,  the  boiler  might  be  in  a  dangerous  condition, 
no  matter  hojv  careful  he  might  be  about  maintaining 
the  water  level  at  the  proper  lieight  and  in  keeping  the 
boiler  clean  of  scale. 

When  the  man  in  charge  of  the  boiler  is  both  ignorant 
and  careless,  the  chances  are  that  the  boiler  is  not  cared 
for  and  defects  are  allowed  to  exist  which,  even  if  not 
of  a  dangerous  character  at  the  time,  would  soon  be- 
come so. 

In  the  large  well  kept  plant,  the  chief  engineer  does 
iiot  have  the  time  nor  is  it  his  duty  to  inspect  boil- 
ers. Therefore,  this  work  is  left  to  a  subordinate  who 
Jiiay  or  may  not  be  competent  to  do  the  work. 

But  who  is  to  determine  whether  the  boilers  in  charge 
of  the  two  least  responsible-  classes  of  men  are  safe  to 
operate  or  not?  What  protection  have  those  employed 
i'.bout  the  plant,  in  the  mill,  factory  or  passers-by  against 
a  deadly  e.xplo.sion  ?  How  can  these  persons  be  safe- 
guarded in  .states  and  cities  where  the  boilers  are  not 
under  the  supervision  ol'  the  state  or  city  boiler  in- 
spectors ? 

Heniarkahle  as  it  ni;iy  seem,  a  stciini  boiler  can  be  in- 
sured in  any  relial)le  boiler-insurance  and  inspection  com- 
pany for,  approximately,  twelve  dollars  a  year.  .Such  an 
insurance  means  thai  trained  experts  in  their  line  visit 
the  ])lant,  making  one  interiud  inspection  and  at  least 
one  external  inspection,  two  if  it  is  jjossiblc  to  do  so, 
each  year.  These  inspectors  work  under  the  direction  of 
mechanical  engineers  who  are  authorities  on  the  |)ro])('r 
construction  and  safe  operation  of  steam  boilers  and 
their  appurtenances. 

What  is  the  result?  .\ny  (Icfnt  that  can  be  detected 
is  located.  The  inspector  is  conipctrnt  to  determine  what 
repairs  are  necessary. 

An  engineer  may  detect  ;i  dcrccl.  hut  rather  than  shut 
down  the  plant  will  jiermit  the  defect  to  remain  until 
some  convenient  time  for  making  the  repairs.     The  in- 


spector has  no  scruples.  If  the  boiler  requires  repair,  it 
must  be  attended  to  at  once  or  the  risk  is  canceled.  Con- 
sequently, the  boiler  is  kept  in  a  proper  and  safe  condi- 
tion. 

One  has  but  to  read  the  reports  of  steam-boiler  inspeo- 
tion  companies  to  ascertain  how  many  boilers  are  found, 
operating  in  a  defective  condition,  many  of  which  are 
dangerous.  How  many  dangerously  defective  boilers  are 
being  operated  which  are  not  under  the  scrutiny  of  either 
state,  city  or  company  inspectors  is  a  matter  of  con- 
jecture. When  based  on  the  number  of  defective  boilers 
inspected,  they  must  number  among  the  thousands. 

Life  is  uncertain  at  best  and  it  is  foolish  to  invite  dan- 
ger by  neglecting  to  have  boilers  properly  inspected,  and 
even  more  so  when  the  cost  is  but  twelve  dollars  a  year 
and  a  little  inconvenience. 


Perpetual  Motion  Fallacy 

About  every  so  often,  here,  there  or  somewhere,  another 
springs  up  who  is  confident  he  has  discovered  the  secret 
of  perpetual  motion.  As  a  matter  of  fact,  there  is  210 
secret  about  it;  those  who  have  studied  science  at  all 
very  soon  discover  there  is  no  such  thing  in  nature  as 
getting  "something  for  nothing."  Energy  does  not  .spring 
from  nowhere  and  the  law  of  its  conservation  has  not 
been  violated  since  the  world  began.  Energy  can  be- 
variously  transformed  and  converted,  but  none  will  ever 
be  found  anywhere  that  it  was  not  some  time  or  other  put 
in.  It  may  have  been  centuries  ago,  as  the  heat  energy 
latent  in  coal,  or  it  may  have  been  but  a  moment  be- 
fore, as  the  lifting  of  a  weight  and  putting  it  on  a 
table,  where,  by  virtue  of  its  position  aiul  the  work  done 
upon  it  in  lifting  it  against  gravity,  it  possesses  a  cer- 
tain amount  of  potential  energy. 

The  effort  to  discover  perpetual  motion  seems  to  be 
something  that  is  bound  to  come  into  the  life  of  most 
mechanically  inclined  persons  sooner  or  later.  It  is  very 
like  the  measles,  most  of  us  have  to  have  it  and  it  is 
better  if  we  have  it  early  in  life.  It  takes  luirder  if 
v.e  don't  get  it  tmtil  nuiturer  years  and  recovery  is  slower. 
Many  youngsters,  handy  with  tools  and  having  a  natural 
bent  for  making  things,  have,  consciously  or  imccui- 
sciously,  worked  on  this  problem  of  trying  to  get  a  nui- 
chine  that  would  give  out  eiu'rgy  continually  once  it  is 
started,  without  ever  having  any  more  put  in.  This  is 
amusing  to  them  and  their  elders;  does  them  no  harm 
and  keeps  them  out  of  mischief  for  a  time  at  least. 

On  the  contrary,  it  is  one  of  the  most  pitiful  spectacles 
of  life  to  see  a  full-grown,  able-bodied  man  obsessed  with 
the  idea  that  he  has  a  perpetual-motion  scheme  that  will 
really  wiu'k.  Seldom  can  those  better  informed  con- 
vince him  of  the  impossibility  of  the  ])lan.  Everyone  who 
seeks  to  discourage  him  is  considered  either  a  jealou.s 
enemy  or  a  mi.sguidcd  friend.  When  such  a  person  really 
gets  over  his  mistake,  it  is  an  occasion  for  rejoicing.  Many 
wreck  their  lives  or  their  niinds  before  they  get  through. 
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Someone  has  written  a  book  containing  a  classification 
and  description  of  all  the  fundamental  perpetual-motion 
schemes  and  it  is  a  splendid  antidote.  We  commend  it 
to  all  who  are  laboring  imder  such  hallucinations.  Most 
of  them  will  find  their  own  pet  schemes  already  catalogued 
i)i  this  mechanical  rogues'  gallery.  This  work  should  be 
a  warning  signal  on  the  shoals  and  keep  some  from  em- 
barking on  the  fruitless  search  for  the  impossible. 

Small  Factory  Power  Plants 

Engineers  of  small  factory  plants  are  usually  required 
to  find  and  correct  troubles  in  the  factory  equipment  that, 
in  larger  establishments,  are  cared  for  by  a  master  me- 
fhanie,  superintendent  or  foreman  steam-fitter. 

The  chief  difficulty  confronting  the  engineer  in  such 
plants  is  that  of  reducing  wastes  due  to  thermal  losses 
and  friction.  In  this  direction,  the  engineer  does  not 
always  receive  the  support  of  the  management  or  the 
necessary  appropriations  to  enable  him  to  accomplish 
good  results.  As  preposterous  as  it  may  seem,  it  is  the 
experience  of  engineers  that  in  factories  where  these 
and  other  kinds  of  losses  are  enormous  compared  to  the 
size  of  the  plant,  it  is  hardest  to  get  the  means  where- 
by to  check,  even  appreciably,  the  wastes. 

Hydraulic  presses  containing  steam  plates,  steam- 
heated  rolls  for  drying  or  mixing,  vulcanizers,  steam 
tables,  drying  rooms,  etc.,  are  part  of  the  equipment  com- 
mon in  many  such  factories.  These  apparatus  need  skillful 
attention  to  prevent  them  from  becoming  a  source  of  seri- 
ous waste.  Naturally,  an  engineer  wants  to  provide  such 
equipment  with  good  thermometers,  correct  gages,  steam 
traps  and,  above  all,  the  wherewithall  to  return  to  the 
boilers  the  condensate,  which  is  a  large  part  of  the  total 
water  evaporated  in  the  boilers. 

There  are  altogether  too  many  plants  of  this  kind 
where  the  engineer  gets  a  half-hearted,  unwilling  co- 
operation from  the  management. 

The  engineer  has  been  given  a  bitter  lesson. 
He  resolves  never  to  go  ahead,  of  his  own  voli- 
tion, to  improve  his  next  plant  unless  the  man- 
agement gives  him  very  good  reasons  to  believe  that 
his  services  will  be  justly  appreciated.  Like  begets  like, 
and  appreciation  of  a  man's  good  service  is  the  best  in- 
ducement for  him  to  give  all  of  the  best  that  is  in  him. 
U 

Operating  Costs 

Attention  is  called  to  the  figures  given  by.  M.  W.  Utz, 
on  page  224,  upon  the  cost  of  producing  power  in  a  small 
municipal  plant. 

Such  data  are  of  particular  value  for  two  reasons :  First, 
they  afEord  engineers  operating  similar  plants  a  means  for 
comparison  with  the  performance  of  their  own  plants ; 
second,  they  show  that  the  small  gas  engine,  when  in- 
stalled and  operated  under  the  proper  conditions,  can 
compete  very  successfully  with  large  steam  plants  as  re- 
gards total  cost. 

In  this  particular  case,  the  cost  is  less  than  two  cents 
per  kilowatt-hour,  fixed  charges  included.  Of  course, 
the  labor  and  oil  items  are  low,  but  these  are  offset  by  a 
rather  low  load  factor. 

It  would  be  desirable  if  more  engineers  of  small  plants 
would  submit  their  cost  figures  as  Mr.  Utz  has  done. 
■\Vhile  space  would  not  permit  publishing  many;  still,  if 


enough  contributions  of  this  character  were  received,  the 
data  cojjld  be  compiled  and,  if  published  in  tabular  form, 
would  be  invaluable  to  engineers  of  such  plants. 

Simple  Metric  Conversions 

Our  allegiance  to  the  English  system  of  weights  anl 
measures,  like  our  religion  and  politics,  is  largely^ afmaj;-, 
ter  of  our  bringing  up.  With  all  their  faults  we  cling  to 
the  old  "inch"  and  '"pound"  and  most  of  us  hope  it  will 
be  left  to  a  later  generation  to  put  them  in  the  discard. 
This  is  through  no  special  affection  for  them  ou  our  part 
for  it  is  generally  granted  that  the  metric  units  are  su- 
perior; the  principal  obstruction  to  their  substitution  is 
our  dread  of  the  upset  and  confusion  during  the  transi- 
tion. 

Meanwhile  some  of  us  occasionally  have  to  deal  with 
both  .systems  and  drag  out  our  handbooks  with  their  con- 
version tables  to  search  out  the  relationship. 

Albert  A.  Cary  has  done  a  real  service  to  engineers  in 
developing  the  simple  methods  for  approximate  conver- 
sions presented  on  page  217.  They  make  possible  mental 
calculations  of  the  English  equivalents  of  the  foreign 
units  sufficiently  close  so  that  one  can  get  a  quick  ap- 
preciation of  their  values  by  comparison  wnth  familiar 
standards.  This  article  deserves  to  be  preserved  or  the 
essentials  of  its  rules  memorized.  The  latter  would  go 
a  long  way  toward  removing  our  dread  of  the  metric  sys- 
tem invasion. 

Self  Instruction  in   Engineering 
Mathematics 

Every  ambitious  engineer  wdio,  because  of  the  ironies  of 
life,  was  unable  to  obtain  a  knowledge  of  mathematics  in 
his  early  years,  knows  that  the  lack  of  a  thorough  un- 
derstanding of  the  essentials  of  this  subject  is  the  chief 
reason  that  he  never  advanced  to  a  position  of  greater 
responsibility  and  one  for  which  the  remuneration  is 
greater  than  that  of  the  ordinary  engineer's  job. 

It  is  all  very  well  for  arm-chair  theorists  who  were 
fortunate  enough  to  be  born  of  parents  who  could  af- 
ford to  pay  for  their  educational  training,  to  say  that 
'"any  man  who  will  set  himself  to  the  task  can  accom- 
plish it."  This  assertion  applies  well  enough  to  the  young 
man  of  today  but  it  never  applied  to  men  who  are  getting 
past  middle  age  and  who,  despite  an  honest  effort  in 
their  early  years,  failed  to  acquire  a  self-education  in 
mathematics.  There  was  nothing  available  at  the  time 
to  enable  them  to  get  a  working  knowledge  of  this  sub- 
ject. 

It  is  only  of  late  that  books  have  been  available  from 
which  a  man  of  ordinary  intelligence  could  learn  the  es- 
sentials of  the  higher  mathematics,  particularly  as  it  re- 
lates to  engineering.  The  average  mathematician  does 
not  seem  to  know  how  to  write  such  a  book ;  in  fact,  some 
))ooks  written  for  self-instruction  give  one  the  impres- 
sion that  the  authors  were  afraid  the  readers  would  really 
learn  something  from  them. 

Happily,  the  young  man  who  feels  the  need  of  a  knowl- 
edge of  mathematics  can  now  get  instructions  from  books 
that  really  instruct.  The  manner  in  which  such  books 
and  our  Study  Course  are  received  is  evidence  that  they 
both  fill  a  long-felt  need. 
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Putting   Crankpin   in  5000-Horse- 
power  Engine 

A  crankpin  on  the  low-pressure  side  of  a  o()00-hp. 
cross-conipoimd  engine  became  so  loose  it  had  to  be  taken 
out  and  another  pin  put  in.  The  dimensions  of  the  new 
pin,  which  was  made  in  the  shop  of  the  engine  company, 
are  as  follows :  Diameter,  141/2  in. ;  length  of  bearing 
surface,  14  in.;  thickness  of  crank  disk,  11  in.;  bore  in 
disk,  1278  in.,  with  a  taper  of  0.052  in.  in  11  in.  The 
weight  of  the  pin  was  1060  lb.  and  was  left  about  g'^  in. 
large  at  the  disk  end. 

The  crank  disk  was  a  steel  forging  and  it  was  planned 
to  shrink  the  pin  into  the  disk.  The  allowance  for  shrink- 
age was  0.007  in.    Gasoline  torches  were  used  to  heat  the 
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disk,  but  after  trying  for  twelve  hours  with  no  apparent 
success,  this  means  of  getting  the  pin  in  was  given  up. 

It  was  then  decided  to  pull  the  pin  in  by  some  device, 
which  could  be  quickly  made  at  the  time.  After  the  hole 
in  the  disk  had  been  trued  and  the  pin  turned  to  the 
proper  size,  a  device  consisting  of  a  3i/^-in.  diameter  bolt 
A,  a  special  casting  /?.  a  steel  washer  C .  and  a  bronze  nut 
JJ,  were  made. 

A  special  wrench  G  fl.  long  was  made  to  fit  tbc  nut  \). 
The  casting  B  was  24  in.  in  diameter  by  21  in.  long,  and 
cored  out  in  the  center,  the  core  being  t  in.  in  diameter 
80  as  to  give  plenty  of  clearance  l)etween  it  and  the  bolt  A. 
The  weight  of  this  casting  was  2380  lb.  Both  ends  were 
faced  off,  one  to  rest  on  the  disk  over  the  pin,  and  tiie 
other  for  the  bearing  surface  of  the  steel  washer  V ,  which 
fits  into  the  face  of  the  bronze  nut.  The  nut  was  12  in. 
in  diameter,  and  the  bearing  side  was  faced  and  capped 
as  shown  to  receive  a  steel  washer.  Oil  g-rooves  were 
cuit  111  the  nut  so  that  oil  could  be  forced  in  between  the 


washer  and  the  nut  tp^JE^p  down  the  friction  as  the  nut 
turned  on  this  ivasher,  wbidi  was  8  in.  in  diameter  by  i% 
in.  thick. 

From  a  piece  of  6-in.  steel  shafting  and  a  short  length 
of  2-in.  pipe,  a  battering  ram  8  ft.  long  was  also  made. 
This  ram  swung  from  a  chain  the  length  of  which  allowed 
a  swing  of  about  (i  ft.  To  prevent  injury  to  the  pin 
when  it  was  being  rammed,  a  piece  of  i/^-in.  soft  copper 
was  used  over  the  end  of  the  pin. 

A\1ien  all  the  various  parts  were  assembled  and  the  ram 
hung  in  place,  the  large  wrfeuch  was  put  on  the  nut  B. 
A  sling  was  then  slipped  aroUud  the  wrench  and  over  the 
hook  of  the  chain  tackle.  By  operating  the  wrench  with 
the  lifting  tackle  of  the  crane  the  crankpin  was  pulled 
into  the  disk  for  about  4  in.  without  the  use  of  the  bat- 
tering ram.  Then,  while  the  lifting  tackle  was  pulled  'so 
as  to  subject  the  wrench  and  pin  to  a  tension,  the  batter- 
ing ram  was  used  to  drive  the  pin  in,  two  men  operat- 
ing the  ram.  After  getting  all  the  various  parts  assembled 
it  required  about  two  hours  to  pull  the  pin  into  its  proper 
place.  This  engine  has  been  running  for  a  number  of 
months  under  all  conditions  of  load,  and  the  pin  seems 
to  be  as  tight  as  it  was  the  day  we  put  it  in. 

It  might  be  well  to  enumerate  the  symptoms  of  a  loose^ 
crankpin. 

Sympton  1.  Pin  heating  up  suddenly  without  ap- 
parent cause  when  there  is  a  good  bearing,  the  brasses 
properly  keyed  and  the  pin  well  lubricated. 

Symptom  2.  Occasional  knocking  or  pounding,  and 
heating  of  the  pin,  then  tightening  up  and  for  a  short 
while  running  smooth  and  cool.  When  a  pin  acts  in  this 
way  one  may  rest  assured  that  when  the  knocking  and 
heating  and  the  smooth  running  alternate,  that  the  pin 
is  loose  and  it  should  receive  immediate  attention. 

Symptom  3.  Trembling  of  a  centrifugal  oiler,  when  the 
brasses  are  properly  keyed,  or  the  turning  of  an  oiler  out 
of  center. 

Symptom  4.  A  breaking  away  of  the  beading  on  the 
back  of  the  pin.  Where  pins  are  beaded  over  in  this 
way  and  they  become  the  least  bit  loose,  the  beaded  end 
begins  to  disintegrate. 

W.    J.     M.V.XWELL. 

Indiana|)()lis.   Ind. 


Broken  Valve  Rod  Caused  Pump 
Trouble 

Some  time  ago  I  wa^  troubled  with  a  6.\4.xl0- 
in.  single-acting  boiler-feed  pump  stopping  at  one 
end  or  the  other.  I  found  that  by  changing  the  length 
of  the  valve  rod  it  could  be  made  to  run  again  for  some 
time,  then  it  would  stop  on  the  other  end.  By  chang- 
ing the  length  of  the  valve  rod  the  op])osite  way  the  pump 
would  run  again  for  .some  time  then  stop  again  as  at  first. 

Clianging  the  length  of  the  valve  rod  to  get  the  ])ump 
to  run  soon  became  monotonous  and   I  took   the  ])ump 
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apart  to  see  if  I  could  locate  the  trouble.  I  found  that 
the  brass  .clamp  on  the  end  of  the  valve,  as  shown  iu 
the  illustration,  was  broken  at  A,  making  it  so  loose  that 
it  would  slip  onto  the  larger  part  of  the  rod  and  stick 
there  for  some  time,  then  do  the  same  thing  on  the  other 
side  of  the  rod. 


Bkokex  Valve-rod  Clamp 

A  new  clamp  was  made  and  put  on  and  the  pump  gave 
no  more  trouble  from  that  cause.  Little  breaks  often 
give  more  trouble  than  large  ones  because  the  little  breaks 
are  not  so  apt  to  be  seen  or  discovered  as  soon  as  the 
large  ones. 

E.  V.  Chapman. 

Decatur,  111. 

Stud  for  Pistons 

One  of  the  common  mishaps  that  occur  to  en- 
gines is  the  breaking  of  the  studs  that  fasten  the  follower 
plate  to  the  spider  of  the  piston. 

It  is  fortunate,  indeed,  if  the  nut  and  broken  stud  pass 
cut  with  the  exhaust  steam  without  doing  any  damage; 


Lubricator  Will  Not  Work 

Having  had  considerable  trouble  getting  lubricators  to 
work  properly  on  locomotive  cranes,  one,  was  made  and 
connected  as  shown,  which  does  not  work  properly.     The 


Safety  Stud  foe  Pistox 

but  often  a  broken  stud  either  smashes  the  piston,  breaks 
the  exhaust  valve,  twists  the  valve  stem  or  breaks  the 
cylinder  head. 

This  happened  hi  my  plant  so  often  that  I  decided  to 
do  a  little  investigating  into  the  causes  and  remedies  for 
such  accidents.  At  the  next  break  I  secured  a  broken 
stud  and  by  examining  the  steel  with  a  microscope  found 
it  to  be  crystallized.  To  overcome  this  trouble  I  replaced 
all  studs  with  ones  made  from  Xorway  iron.  I  also 
changed  the  design  of  the  stud  so  that,  if  the  stud  broke, 
it  would  not  fall  between  the  piston  and  the  cylinder 
head.  The  stud  was  made  with  a  collar,  as  shown  in 
the  sketch,  and  by  reducing  the  diameter  of  the  stud  on 
the  side  next  to  the  spider  the  stud  would  be  more  apt 
to  break  at  this  point. 

Since  thus  eqtiipping  all  the  engines  I  have  had  no 
more  trouble. 

A.  Rauch. 

Swissvale,  Penn. 


%Pro/n 
Lubricator  and  Connections 

lubricator  feeds  oil  all  right  as  far  as  the  point  A,  and 
tl>en  backs  in  the  sight  glass.    What  is  the  trouble? 

Robert  Rush. 
Stewartsville,  X.  J. 

Ammonia  for  Hot  Bearings 

In  Po>VEE  1  have  often  read  articles  pertaining  to  hot 
bearings  and  the  different  means  the  writers  of  these 
prticles  use  to  overcome  them.  I  have  never  seen  the 
following  remedy  given  and  it  may  prove  of  interest. 

The  refrigerating  engineer  need  not  have  any  fear  as 
to  the  probability  of  a  shutdown  of  the  plant  or  engine, 
ciue  to  hot  bearings,  as  the  liquid  ammonia  he  handles  is 
one  of  the  best  things  to  cool  hot  bearings.  Mix  equal 
cmantities  of  ammonia  and  water  and  pour  it  on  the  bear- 
ing or  pin,  as  the  case  may  be.  It  is  surprising  how  quick- 
ly and  easily  this  liquid  will  absorb  the  heat  and  leave  the 
bearing  perfectly  cool ;  sometimes  with  frost  on  it,  if 
enough  liquid  is  u.sed.  Care  must  be  taken  not  to  get 
the  liquid  on  the  hands  or  face  as  it  burns  severely. 

If  the  shaft  or  pin  is  very  hot,  do  not  pour  the  liquid 
in  the  bearing  on  the  shaft  or  pin,  but  on  the  outside  of 
the  bearing,  as  the  sudden  chilling  of  the  pin  or  shaft 
due  to  the  liquid  evaporating  might  crack  or  break  one 
(,r  the  other.  I  have  had  eight  hot  bearings  in  my  plant 
all  at  the  same  time,  due  to  a  breakdown  of  the  oil  pump 
supplying  the  lubricating  system.  All  the  bearings  were 
cooled  with  this  mixture  and  the  engines  kept  running 
until  repairs  were  made  to  the  pump,  when  everything 
\>as  restored  to  normal  operating  conditions. 

We  have  four  350-ton  ice  machines  and  two  1000-kw. 
generators  and  several  turbines  and  vacuum  pumps.  Need- 
less to  say  these  must  be  kept  running  all  the  time  and 
this  mixture  of  ammonia  is  valuable. 

C.  E.  Anderson. 

Chicago,  111. 
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A  Convenient  Safety  Valve  Chart 

Mr.  Carr's  article  in  the  Dec.  24  issue  exemplifies 
graphically  and  in  a  very  clear  and  ingenious  manner  the 
Massachusetts  rule  for  safety-valve  equipment.  If,  how- 
ever, this  rule  is  carefully  analyzed,  using  Xapier's  law  for 
the  flow  of  steam  through  orilices  as  a  basis,  all  as  shown 
by  Mr.  Carr,  but  figuring  still  further  to  get  the  valve 
lift,  the  results  in  Table  1,  showing  the  lifts  which  must 
be  obtained  in  practice  with  valves  having  45-deg.  seats 
to  discharge  steam  at  the  rate  called  for  by  the  Massa- 
chusetts rule,  are  obtained. 

TABLE   1 
Diam.,  in.  Lift,  in.  Dia 

2  0  067 

3  0  100 

4  0  133 

5  0  167 

It  may  be  noticed  that  this  rule  assumed  the  valve  lift 
to  be  proportional  to  the  diameter  and  also  calls  for  lifts 
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(•oiisi(leral)iy  in  excess  of  those  found  in  almost  :dl  llic 
well  known  makes  of  safety  valves  niaiiufa<tiir('d  in  tiiis 
lountry  at  the  present  time. 

In  a  certain  line  of  safety  valves  now  on  the  market, 
as  made  for  stationary  boilers,  the  lifts  are  aiiout  as 
.-iiown  in  Table  2.  Other  makes,  of  which  there  are  many 
in  service,  have  the  lift  of  the  4-in.  valve  as  low  as  0.04 
in.  anri  the  great  majority  of  4-in.  valves  on  the  market 
today   will    show   lifts   less  than   0.10   in. 

Taking  the  line  of  valves  in  which  the  l-in.  size  lifts 
0.04  in.,  assuming  that  the  lifts  of  the  other  sizes  are 
graded  about  in  tlie  proportion  of  tlie  actual  lifts  shown 


in  Table  2,  and  figuring  the  valve  diameters  required,  the 
line  X  was  plotted  on  a  reiiroduction  of  Mr.  Carr's 
chart. 

Proceeding  in  the  same  manner  with  a  line  of  valves 
in  which  the  4-in.  size  lifts  0.08  in.,  the  line  Y  was  plotted, 
and  using  the  lifts  given  for  the  valves  in  Table  2  in 
which  the  4-in.  valve  lifts  0.14  in.,  the  line  Z  was  ob- 
tained. 

As  an  example  to  show  the  practfcal  working  of  this 
chart,  assume  an  evaporation  of  6000  lb.  per  hr.,  at  200 
lb.  absolute  pressure.  With  the  Z  line  of  valves  a  21/^- 
in.  diameter  would  be  required,  with  the  Y  line  a  31^- 
in.  diameter  and  with  the  .Y  line  a  valve  6  in.  in  diam- 
eter. The  Massachusetts  rule  would  be  satisfied  by  a  3- 
in.  valve. 

For  another  example,  take  an  evaporation  of  .lOOO  11). 
i)er  hr.  at  100  lb.  absolute  pressure.  The  Z  line  would 
I  all  for  a  3i^-in.  valve,  the  Y  line  for  a  .5i/2-iii-  valve,  the 
A'  line  for  two  5i/2-iu-  valves  and  the  Massachusetts  rule 
for  one  4-in.  valve. 

In  the  preceding  it  is  shown  conclusively  that  the 
Massachusetts  rule  is  safe,  provided  valves  are  selected 
which  have  lifts  equal  to  or  greater  than  shown  in  Table 
1.  Further,  it  is  shown  that  the  rules  of  the  Board  of 
Supervising  Inspectors  of  Steam  Vessels,  the  Canadian 
Steamboat  Inspection  Rules,  the  City  of  Philadelphia 
Rules,  the  State  of  Ohio  Rules  and  the  Massachusetts 
Rules  would  be  much  improved  if  they  were  revised  to 
take  into  consideration  the  valve  lifts.  The  objects  of 
such  rules  are  praiseworthy  and  are  all  .«teps  in  the  right 
direction,  but  not  until  they  are  made  safe  and  logical 
by  introducing  the  element  of  valve  lift  will  they  cor- 
rectly determine  the  requisite  safety-valve  equipment  for 
all  cases. 

All  of  the  above  rules  are  now  subject  to  criticism  for 
the  reason  that  it  is  very  natural  for  the  engineer  in 
Massachusetts,  for  instance,  to  consider  his  safety  valves 
adequate  if  they  meet  the  requirements  of  the  state  law. 
He  is  liable  to  investigate  no  further,  whereas  if  there 
were  no  such  law  he  would  ))rol)ably  study  the  subject 
carefully  on  his  own  account  and  also  confer  with  the 
makers  of  the  valves  to  find  out  their  actual  relieving 
capacity  and  compare  it  with  his  own  data  covering  the 
niaxinium  rate  of  steam  ]iroduction  to  be  handled,  thereby 
selecting  valves  of  suitable  size  to  take  care  of  the  maxi- 
mum jiossilile  lioiler  evaporation. 

F.  C.   Blancu.vud. 

Bridge]i(>rt.  Conn. 

Boiler   Scale 

In  the  Oct.  29  is.«ue,  page  0.'!!,  ai)l)eared  a  table  giving 
llie  loss  in  boiler  efficiency,  due  to  the  formation  of  scale, 
iis  determined  by  tests  made  by  the  engineering  experi- 
mental station  of  the  University  of  Illinois.  The  loss  given 
varied  from  7.2  per  cent,  for  ^-\\\.  soft  scale  to  12.1 
I'cr  cent,  for   fV-in-  ""ft  scale. 

The  Bureau  of  Mines  has  a  bulletin.  Xo.   IS.  on  '-The 
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Transmission  of  Heat  into  Steam  Boilers."  This 
bulletin  bases  its  conclusions  both  on  tests  made  on  small 
miniature  boilers  and  on  full-size  models.  No  tests  were 
made  to  determine  the  loss  due  to  scale,  but  the  foUow- 
iag  conclusion  copied  from  this  report  may  seem  perti- 
nent. 

"The  conductivity  of  metal  forming  the  heating  plate, 
even  though  the  plate  has  a  moderate  amount  of  coating, 
is  so  highthat  any  amount  of  heat  that  can  be  imparted 
to  the  dry  surface  by  convection,  can  be  transmitted 
through  tlie  heating  plate  without  difficulty.  Water  has 
Euch  high  heat-abstracting  ability  that  it  can  absorb  heat 
as  fast  as  the  heating  plate  is  able  to  conduct  it.  The 
slowness  of  the  process  of  heat  transmission  into  a  boiler 
is  due  to  the  slowness  with  which  heat,  in  present  prac- 
tice, is  imparted  to  the  dry  surface." 

The  discrepancy  in  the  conclusions  drawn  by  two  such 
excellent  authorities  seems  to  at  least  warrant  discus- 
sion. 

A  review  of  the  paper  by  the  experimcutal  station  dis- 
closes several  facts: 

Its  first  series  of  tests  was  made  on  a  locomotive  boiler 
and  the  rate  of  combustion  was  higher  than  is  generally 
at  present  used  in  stationary  practice.  In  the  three  later 
tests  made  on  single  tubes  only,  the  length  of  tubes  is 
not  given  so  that  the  rate  of  heat  conduction  cannot  be 
computed.  The  water  was  raised  in  temperature  from 
approximately  65  deg.  to  112  deg.  The  conditions  in 
these  three  tests  are  entirely  different  from  actual  condi- 
tions in  a  steam  boiler.  In  a  steam  boiler,  steam  bubbles 
forming  on  the  heating  surface  and  rising,  leave  room 
for  more  water  to  reach  the  hot  surface,  thus  causing  a 
constant  circulation  inside  the  tube  and  this  aiding  in 
carrying  off  the  heat  from  the  plate.  The  great  variations 
in  the  results  are  also  worthy  of  note. 

The  Bureau  of  Mines  gives  the  following  formula  for 
heat  conduction : 

AVhere 

U  =  Quantity  of  heat  transmitted  per  unit  area  of 

heating  plate : 

C  =  Average  conductivity  ; 

For  iron  the  bureau  gives  0.0005  for  1  in.  thick. 

d  =  Thickness ; 

Tj  =  Temperature   of   dry   surface ; 

T  =  Temperature  of  wet  surface. 

At  tlie  rate  of  10  sq.ft.  of  heating  surface  per  boiler 

horsepower,  the  heat  transmitted  per  square  inch  i)er  hour 

is: 

34.5  X  965*    ,.,  ,    D  ,  .  , 

=  23.1  B.t.u.  per  sq.ni.  per  Itr. 


Dr.  Joseph  G.  Eogers,  in  a  paper  read  before  the  Amer- 
ican Association  for  the  Advancement  of  Science,  gives 
the  heat  conductivity  of  scale  as  compared  to  iron  in 
the  ratio  of  1 :  37.5. 

This  gives  us  the  heat  conductivity  of  scale  as 

0.0005  -         rrr.....» 

0.00001333-1- 


10  X  144 


23.1 


0.0064  B.t.n.  per  sq.in.  per  sec. 


T  = 


C 


This  gives  us  a  heat  difference  in  this  case  of 
0.1  X  0.0064 


0.0005 


=  1.3  de(/.  F 


•Marks  and  Davis  give  970.4  as  the  latent  heat  ot  evapora- 
tion Irom  and   at  212  deg. 


37.5 


Assuming  a  ring  of  scale  of  the  same  dimensions  as 
for  the  iron  pipe,  we  would  have  a  temperature  difference 
of 

0.1  X  0.0064 


60  X  60 

Transposing  the  formula  of  the  Bureau  of  Mines  for 
heat  transformation  we  have. 


0.00001333 


48  deg. 


With  both  pipe  and  scale  we  should  then  have  a  tem- 
perature drop  through  the  combined  surface  of  approxi- 
mately 50  deg. 

Assuming  the  following  values  tor  an  actual  boiler  and 
using  the  formula 

T 


E 


tf 


T  —  is 
ttiiere 

E  =  True  boiler  efficiency  : 

T  =  Initial  temperature  of  gas  entering  the  boiler ; 
tf  =  Temperature  of  air  leaving  the  boiler; 
ts  =  Temperature  of  the  steam. 
T  assumed  at  2500  deg.  F. 
Tf  assumed  at  600  deg.  F. 
Ts  assumed  at  350  deg.  F. 
For  a  clean  boiler  we  would  then  have  a  true  boiler  effi- 
ciency of 

2500  —  600       1900 

88.3 1  per  rent. 


E 


2500  —  350       2150 


With  scale  in  the  tube  the  drop  will  become  about  50 
deg.  more  than  in  the  clean  tulie  and  it  seems  fair  to  as- 
sume the  temperature  of  the  gas  leaving  the  boiler  would 
be  50  deg.  hotter  or  650  deg. 

Our  efficiency  for  the  sealed  tube  would  then  be 

2500  —  650       1850       „„   , 

8h.i  jJer  cent. 


E  = 


2500 


350       2150 


This  gives  us  a  drop  in  efficiency  of  only  3  per  cent., 
which  certainly  is  considerably  less  than  that  given  by 
the  University  of  Illinois. 

Is  it  not  a  ease  of  poor  conductivity  at  the  joint  of  scale 
and  iron  which  causes  this  discrepancy?  The  great  varia- 
tion in  figures  obtained  might  be  due  to  the  different  com- 
position of  the  different  scales.  The  figures  also  seem  to 
show  very  little  additional  loss  as  the  thickness  of  scale  is 
increased. 

It  would  seem  as  though  a  test  upon  artificially  made 
scale,  the  composition  of  which  is  known,  might  throw 
consideral>le  light  on  the  subject. 

JoHX  Bailey. 

MiUvaukee,  Wis. 


The  use  of  steam-turbine-driven  centrifugal  pump  units 
to  carry  the  peak  of  the  load  in  water-works  pumping  sta- 
tions is  exemplified  in  the  new  water-works  of  Toungstown, 
Ohio.  It  is  stated  that  contracts  were  let  on  Dec.  14  for 
two  7.500,000-gal.  pumping  units  for  the  new  pumping  station 
at  Youngstown.  One  contract  was  for  a  triple-expansion  re- 
ciprocating pump,  let  to  the  William  Tod  Co..  of  Youngstown. 
at  a  price  of  $72,110.  for  a  pump  with  a  guaranteed  duty  of 
163.000.000  ft.-lb.  A  contract  was  also  let  to  the  Kerr  Turbine, 
with  a  guaranteed  duty  for  the  unit  of  80,000,000  ft.-lb. 
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High-    and    Low-duty   Pumps — What    is    th<-    difterence    be- 
tween a  high-  and  a  low-duty   pump? 

K.  N.  F. 
The  ordinary  steam  pump  taking  steam  during  the  full 
stroke  is  called  a  low-duty  pump.  Formerly,  a  high-duty 
pump  was  al'ways  understood  to  be  one  of  crank  and  fly- 
wheel type;  but  now,  some  prefer  the  definition  that  a  high- 
duty  pump   is  any  pump  that  uses  steam   expansively. 


Vapor  Pipe  I'se — What  is  the  advantage  of  having  a  vapor 
pipe  connected  with  the  suction  pipe  from  a  feed  pump  to  an 
open   heater? 

K.   F.  X. 

A  vapor  pipe  in  a  pump  suction  from  an  open  heater  pre- 
vents a  part  vacuum  and  reduction  of  pressure  in  the  suction 
pipe  which  would  result  in  the  release  of  vapor,  thereby  caus- 
ing the  pump  to  slip  the  same  as  though  there  were  air  in  the 
pipe. 


Removln;;  Oil  Stains — How  can  oil  stains  be  removed  from 
walls  and   floors? 

H.   E.  R. 

Grease  spots  can  be  drawn  out  of  floors  by  covering  them 
with  powdered  magnesia,  and  out  of  walls  or  ceilings  by  cov- 
ering the  spots  "With  a  thick  paste  of  magnesia  and  water, 
subsequently  removing  the  magnesia.  Surface  spots  can  be 
removed  by  any  alkali  wash,  such  as  water  containing  am- 
monia, wood  ashes,  soda,  potash  or  any  alkali  that  will  not 
injure  the  material   to  be  cleaned. 


Croashead  Alignment — How  can   the  alignment    of   a  cross- 
head  shoe  be  tested? 

N.  F.  K. 
Loosen  the  piston-rod  packing  and,  starting  with  the 
piston  at  the  head  end  of  its  stroke,  observe  whether  the 
gland  is  moved  laterally  as  the  crosshead  is  moved  to  the 
opposite  end  of  the  stroke.  The  direction  of  the  movement  of 
the  gland,  if  it  moves  at  all,  indicates  the  direction  in  which 
the  crosshead  shoes  are  out  of  line.  Correct  for  one  shoe 
id  then  the  other  until  the  above  test  shows  no  movement 
of  the  gland. 


Home-made     Pipe    Covering — Will    a     mixtur 
and    flour    make    a    satisfactory    pipe    covering? 
other  cheap  covering? 


d{    sa\ 


■dust 
any 


C.    N.    T. 


A  mixture  of  flour  paste  and  sawdust  should  make  a  fairly 
^ood  covering  for  steam  pipes;  but  it  probably  could  not  be 
applied  and  held  properly  in  place  without  first  wrapping  the 
pipe  with  wire  cloth  for  a  foundation.  The  effectiveness  of 
covering  would  depend  on  the  porosity  or  proportion  of 
air-cell   spaces   in    the   covering. 

A  very  good  cheap  covering  is  made  up  of  unsized  build- 
ing paper,  after  first  covering  the  bare  pipe  with  asbestos 
paper,  and  there  should  be  a  final  covering  of  asbestos  paper 
to  prevent  the  covering  from   taking  fire  or  communicating  it 

combustible    materials    in    its    vicinity. 


Belt  Power — With  the  same  widths  of  belts,  the  arcs  of 
contact  the  same  and  the  belts  running  at  the  same  speed  In 
feet  per  minute,  does  It  make  any  difference  In  the  power 
transmitted  by  the  belts  whether  the  pulleys  are  3  ft.  or  6 
ft  In  diameter?  Does  the  increased  area  of  contact  on  the 
larger  pulley  give  the  belt  a  better  grip  so  that  It  would 
transmit  more  power?  Does  the  increased  leverage  on  the 
larger   pulley   make   the    belt    more    powerful? 

T.    T. 

Under  the  conditions  named  In  the  first  question,  the  same 
horaepower  would  be  transmitted  Irrespective  of  the  diameter 
of  the  pulleys.  The  number  of  degrees  In  the  arc  of  con- 
tact, and  not  the  area  of  contact.  Is  the  determining  factor, 
tor  friction  Is  directly  as  the  total  pressure  and  Independent 
Of  the  area. 

Increased  leverage  does  not  come  Into  the  question  or 
rather  la  taken  Into  account  when  It  Is  assumed  that  the 
aame  number  of  feet  per  minute  Is  traveled  whether  the 
pulleys  be  large  or  small. 


Water  Pressure  Helps  Pump — Why  is  it  that  a  pump  hav- 
ing steam  and  water  cylinders  of  the  same  diameter  can, 
nevertheless,  deliver  water  into  the  boiler  from  which  it 
takes  its  steam  supply,  the  boiler  pressure  being  110  lb.  and 
the  city  water   pressure   S5   lb? 

W.  A.  O. 

The  inlet  pressure  of  the  water  assists  in  the  water  end 
of  the  pump,  making  that  part,  to  an  extent,  a  water  engine, 
so  that  the  steam  end,  theoretically,  has  to  overcome  only 
the  difterence  between  110  lb.  and  S5  lb.,  or  25  lb.  Practically, 
this  pressure  is  somewhat  greater,  due  to  the  friction  of  the 
pump  parts  and  the  water,  etc.,  which  has  the  effect  of  in- 
creasing the  pressure  to  be  pumped   against. 


.^'et  Lift  of  Vacuum  Pump — A  wet  vacuum  pump  is  placed 
so  that  its  cylinders  are  4  ft.  below  the  water  level  (main- 
tained by  a  float)  in  the  surface  condenser  from  which  it 
draws.  It  discharges  into  an  open  tank  at  such  a  height 
that  a  gage  on  the  delivery  pipe  at  the  level  of  the  cylinders 
shows  5  lb.  pressure.  If  the  vacuum  in  the  condenser  is  2S.2 
in.,  what  is  the  equivalent  total  lift  in  feet  through  which 
this  pump  works? 

F.   J.   P. 
In  creating  a  vacuum  of  28.2   in.,  a  pump  does   the  equiva- 
lent of  lifting  water  a  height  of 

28.2    X    1.132    =    31.92   ft. 
1.132    ft.    being    the    head    in    feet    of    water    corresponding    to 
1  in.   of  mercury.      But   4  ft.   of  this   head  is  due   to   the   water 
itself  so   that   the  net  lift   of  the   pump    is 
31.92  —  4    =    27.92    ft. 
The    discharge    head   corresponding   to    5   lb.    is 
5    X    2.309    =    11.55    ft. 
2.309  ft.  being  the  height  of  a  column  of  water  giving  a  pres- 
sure of  1  lb. 

The   total   net   lift,    therefore,   is 

27.92     +     11.55    =    39.47    ft. 


Centrifugal  Pum^i  Horsepower — A  centrifugal  pump,  fur- 
nishing salt  water  for  a  condenser,  has  a  horizontal  shaft, 
the  center  of  which  is  9  V4  ft.  above  the  water  in  the  intake. 
A  gage,  on  the  delivery  pipe,  4  ft.  above  the  shaft,  reads  7 
lb.  If  the  pump  delivers  37,000  cu.ft.  per  hour  and  its  me- 
chanical efficiency  is  55  per  cent.,  what  horsepower  does  it 
take  to  drive   it? 

P.  J.  F. 

From  the  intake  level  to  the  position  of  the  gage,  the 
pump   lifts   the   water 

9.5    -h    4   =    13.5   ft. 

Salt  water  weighs  about  64  lb.  per  cu.ft..  which  is  also 
its  pressure   per   square   foot   for  each    foot   of   head. 


64 

144 


0.444    lb. 


wMI.    therefore,    be    the    pressure    per   square    inch    per    foot    of 
head,    and   the   total    to   the   level   of  the   gage, 

13.5    X    0.444   =   5.994  lb. 
The    pressure    In    the    discharge    pipe    being    7    lb.,    the    total 
head    is 

B.994    +    7    =    12.994    lb.   per  sq.ln., 
or 

12.994      ■      144  IS71.I3fi    11).    per    sq.ft. 

In   1    mln.    thiTe   is   pumped, 
37,000 


60 


=    616.666    cu.ft. 


and    against    a    pressure    of    1871.136    lb.    per    sq.ft.,    the    work 
done  Is 

616.666    X    1871.136    -     1.153,865.953   ft. -lb.   per  mln.. 
which  corresponds  to 

1,153,865.953 


34.965  hp. 


33,000 

But,    as   the   pump    efficiency   Is   only    55    per   cent.,    the   actual 
power  required  Is 

34.966 

=    63.57   hp. 

0.65 
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Mensuratiox — Part  TT 
Quadrilaterals 

A  plane  is  a  flat  surface  like  that  of  a  piece  of  sheet 
packing,  or  the  floor,  or  the  wall  of  the  engine  room.  The 
edges  of  a  plane  flgure  ma^y  be  straight  or  curved.  A 
quadrilateral  is  a  plane  figure  bounded  by  four  straight 
lines,  but  the  lines  do  not  necessarily  have  to  be  parallel 
lines. 

A  parallelogram  is  a  quadrilateral  whose  opposite  sides 
are  parallel.  A  rectangle  is  a  parallelogram,  all  of  whose 
angles  are  right  angles  as  in  Figs.  1  and  2. 

All  figures  have  a  base,  which  is  the  underside  or  side 
on  whieh  the  figure  stands.     The  altitude  of  a  figure  is 


Fig.  1. 


Fio.  2. 


Fig.  4.  Fig.  5. 


Fig.  6. 


l-"i( 


Fig.  8. 


of  a  parallelogram,  we  can  easily  find  the  unknown  di- 
mension. 

Eule:  Divide  the  area  by  the  girrii  (lii)ieiisioii  to  get 
the  unknown  dimension. 

Example :     A  rectangular  cooling  pond  has  a  surface 

area  of  37,944  sq.ft.     If  the  pond  is  204  ft.  long,  how 

wide  is  it? 

Area      =    37,'.t44  ,«r/./7.  .     , 

— ^ —  =  18()  //.   =  width 

Length  =         204 /<. 

Example:     How  many  square  yards  of  asbestos  will  be 

required  to  cover  a  rectangular  feed-water  heater  8  ft. 

high,  5  ft.  wide  and  5  ft.  long 

8x5x4  (sides)  +  (5x5) 


its  height  or  the  distance  between  the  base  line  and  the 
top;  in  a  parallelogram,  the  altitude  is  the  distance  be- 
tween the  top  and  bottom  parallel  lines. 

Eule:  To  find  the  area  of  any  parallelogram,  multiply 
the  base  by  the  altitude. 

This  rule  is  seen  to  be  true  by  studying  Fig.  3,  which 
is  a  plane  figure  12  in.  long  and  6  in.  wide.  Applying 
the  rule  to  it,  we  have 

12   X   6  =   72  sg.in. 

You  can  prove  that  this  rule  is  correct  by  simply  count- 
ing the  number  of  squares  which  you  will  find  to  be 
seventy-two.  We  see  that  this  rule  is  correct  for  a  rect- 
angle as  well  as  a  square. 

If  we  know  the  area  and  either  the  base  or  the  altitude 


9 


=  30.56  sq.yd. 


Here  we  divided  the  total  area  of  the  sides  and  top  by  9 


12  3  4  5  6  789101112 


Fig.  3. 

because  our  answer  is  to  W  in  square  yards,  and  9  sq.ft. 
equals  1  sq.yd. 

Triaxgles 

A  triangle  is  a  plane  figure  having  three  sides. 

A  right-angled  triangle  is  any  triangle  containing  a 
right  angle. 

By  drawing  a  diagonal  through  the  rectangle,  Fig.  2, 
we  produce  two  right-angled  triangles.  Other  such  tri- 
angles are  shown  in  Figs.  6,  7  and  8. 

An  isosceles  triangle  is  one  having  two  of  its  sides 
of  equal  length,  as  Fig.  4. 

An  equilaterial  triangle  is  one  having  its  three  sides 
equal  in  length,  as  Fig.  5. 

One  of  the  interesting  things  about  triangles  is  that 
the  sum  of  all  three  angles  will  equal  180  deg.,  or  two- 
right  angles.  Thus,  studying  the  angles  in  the  triangles, 
Figs.  2  to  8,  we  find  that  the  sum  of  the  angles  of  each 
triangle  equals  two  right  angles. 

In  a  right  triangle,  which  is  a  shorter  name  for  a  right- 
angled  triangle,  the  side  opposite  the  right  angle  is  called 
the  hypothenuse.  The  sides  forming  the  right  angle  form 
the  base  and  altitude. 

If  you  will  study  Fig.  9,  you  will  see  that  the  sum  of 
the  squares  of  the  sides  forming  the  base  and  altitude  is 
equal  to  the  square  of  the  hypothenuse.      As  this  rela- 
tion between  the  base  and  the  altitude  and  the  hypothe- 
nuse is  always  true  of  a  right  triangle,  we  can  easily  find 
the  length  of  one  side  of  a  right  triangle  when  two  sides 
are  known.    We  can  also  easily  produce  formulas  for  cal- 
culations involving  the  right  triangle.    Let 
A  =  Altitude ; 
B  =  Base ; 
C  =  Hypothenuse. 

We   have  these   formulas  for   the   riglit   triangle. 
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yj  C^  —  A^ 


C  =  ^  A^  +  B^ 
Example :  A  steel  stack  50  ft.  high  is  to  be  moimted 
on  a  base,  the  height  of  which  is  4  ft.  from  the  ground. 
Three  feet  from  the  top  of  the  stack  is  a  riug  to  which 
SIX  guy  cables  or  wires  are  to  be  fastened  to  hold  tJie  stack. 
Each  cable  is  to  be  fasteaed  to  piers  located  30  ft.  along 
the  ground  from  the  stack.     Allowing  2  ft.  to  each  cable 


y 

<^ 

/ 
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L 

Fig.  9. 

for  fastening,  how  many  feet  of  cable  will  be  necessary  to 
support  the  stack? 

Here  the  guy  cables  form  the  hypothenuse.     The  base 
is  30  ft.  and  the  altitude  is 

50  —  3  +  4  =  51  ft. 
Applying  the  formula  for  finding  the  hypothenuse 
C  =  V  512  +  :3o^2  =  59.10+. /v. 

Adding  2  ft.  for  fastening 

59.16  +  2  =  61.16  +  //.  =  length  of  cable  needed  for 

one  (jiiij 
Then  there  will  be 

61.16  X  6  =  366.96,  say  367  //. 
of  cable  needed  to  comi^te  the  job. 


shaded  triangles,  A  and  B,  will  be  equal  in  area  to  the 
two  unshaded  ones,  C  and  D. 

A  little  study  of  these  triangles  will  show  that  a  simple 
rule  may  be  written  for  finding  the  area  of  a  triangle. 
Consider  the  half  of  a  rectangle  containing  the  triangles 
A  and  C,  Fig.  11.  The  dotted  line  across  this  rectangle 
divides  it  into  two  smaller  rectangles,  each  6x6  in.,  or  36 
sq.in.  in  area.  For  the  present,  consider  only  the  rect- 
angle containing  the  triangles  A  and  C.  The  area  of  this 
rectangle  is 

12  X  6  in.  =  72  sq.in. 

We  can  now  see  that  the  shaded  part  of  A  above  the 
horizontal  dotted  line,  will  exactly  fill  the  unshaded  part 
of  A,  the  lower  left  rectangle.  Also  the  shaded  part,  .1, 
v/ill  just  fit  into  the  unshaded  part,  C. 

Now,  as  the  area  of  the  left  rectangle  is  73  in.  and  as  it 

is  divided  into  two  triangles  of  equal  areas,  the  area 

73 
of  each  triangle  must  be  -^  =  36  sq.in. 

Eule:     The  area  of  a  triangle  is  found  by  multiplying 

the  base  by  one-half  the  altitude. 

Applying  the  rule  to  the  triangle  .4.  we  have 

altifude        .         .        „  . 
Area  =  base  x  ^ =  o  x  0  =  3b  sq.m. 


Suppose  wo  have  a  rectangle  as  in  Fig.  l",  tlic  area 
would  be 

12   X  12  =  144  sq.in. 

If  it  is  divided  in  half,  as  by  the  dotted  line,  tlie  total 
area  will,  of  course,  be  divided  in  half.  If  a  diagonal  is 
<lrawn.  forming  the  two  right  triangles,  the  area  is 
divided  into  two  equal  parts.  If  instead  of  drawing  one 
diagonal,  we  make  two,  one  in  each  half  of  the  .'square, 
forming  four  right  angles.  A,  B,  C  and  D  respectively, 
Fig.   n,  all  the  triangles  will  be  of  equal  area  and  the 


Fig.  12. 

This  rule  may  also  be  expressed 

iase  X  altitude 

Area  = ., 

Example:  An  ash  hopper,  shaped  like  an  inverted 
pyramid,  is  to  be  nuule  up  of  four  triangular  pieces  of 
steel  plate,  each  with  an  8-ft.  base  and  a  10-ft.  altitude. 
How  many  square  feet  of  plate  are  required  and  what 
must  be  the  length  of  each  of  the  four  angle-irons  to 
which  the  sheets  are  to  be  riveted?  Nothing  is  to  be  al- 
lowed for  the  space  which  the  gate  will  occupy. 

The  total  area  of  the  four  plates  will  be 

^%4  =  160.sv../7. 

The  length  of  an  angle-iron   for  one  side  will  be   (see 
fiirnitila  for  finding  the  hypot!ienu.«c  of  a  triangle) 
Ilypothenuge  =  V  10^  +  4'  =  10.77/<.  =  length  of  one 


The  rule 


A  red 


angle  iron 
base  X  allttude 


is  also  true  ff)r  a  triangle  like  .1   in  Fig.  12.     .\ssuine  th( 
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base  de  of  the  rectangle  ahcda  to  be  12  in.  and  the  altitude 
16  in.     Then  the  area  of  the  triangle  dbcd  is 
12  X  16 
2 


Area  = 


=  t)G  sq.in. 


The  .shaded  triangle  deed  has  a  base  dc,  which  is  12  in., 
the  same  as  in  the  triangle  dhcd.  As  the  altitude  of  any 
triangle  is  the  length  of  a  line  drawn  perpendicular  from 
ilie  apex  to  ihe  base,  the  altitude  of  the  triangle  deed  will 
be  16  in.  or  the  same  as  for  the  triangle  dbcd;  consequent- 
ly the  area  will  be 

12  X  10       „,, 
Area  = =  9fj  sr/.ii). 

which  is  the  same  as  the  area  of  the  triangles  dabd  and 
dbcd. 

To  find  the  altitude  or  base  of  a  triangle  when  the  area 
and  base  or  altitude  are  given : 

Rule:  Double  the  area  and  divide  by  ihe  given  dimen- 
sion. 

Example :  A  lot  shaped  like  a  right  triangle  is  57,607 
sq.ft.  in  area  and  is  used  for  storing  coal.  The  base  of 
the  triangular  lot  is  157  ft. ;  what  is  the  altitude? 

(b)  How  many  lineal  feet  of  12-in.  wide  boards  are 
necessary  to  inclose  the  lot  with  a  solid  fence  12  ft.  high, 
allowing  a  doorway  11  ft.  wide  for  the  passage  of  coal 
cars  ? 

The  altitude  is 


57,607  X  2 
157 


=  733.847 /if. 


The  length  of  the  hypothenuse  would  be 
V  733.8472  +  1572  =  750.45   ft. 
The  length  of  fence  is 

750.45  +  733.847  +  157  =  1641  +  ft. 
The  number  of  lineal  feet  of  lumber  required  is 
(1641  —  11)   X.12;=  19,560  ft. 

For  practice,  the  student  should  work  out  all  the  ex- 
amples given  in  this  lesson.  Many  new  examples  can 
readily  be  found,  as  the  triangle  is  involved  in  many  prac- 
tical problems. 

ANSWERS  TO  Last  Wekk's  Problems 

.(1)      (a)  2.067.     (b)  4.134. 

(2)  An  acute  angle. 

(3)  11,160. 


The  Cnrrent-O-Scope — Such  Is  the  name  given  to  a  little 
celluloid  novelty  brought  out  by  Fairbanks,  Morse  cS:  Co., 
Chicago,  to  illustrate  the  action  of  an  induction  motor.  The 
whole  device  is  only  about  3  in.  square  and  goes  in  a  little 
flat  leather  envelope.  The  device  itself  is  somewhat  like 
numerous  calculating  charts  of  various  kinds  that  have  been 
brought  out,  so  far  as  its  construction  is  concerned,  but 
is  entirely  different  in  all  other  respects.  On  the  face  of 
the  chart  is  the  representation  of  the  cross-section  of  an 
induction  motor  with  the  stator  and  rotor  windings  shown. 
In  the  center  is  a  vector  diagram,  w'hich  shows  the  manner 
in  •which  the  current  varies  in  the  three  different  phases, 
■which  latter  are  represented  as  red,  green  and  black  for  pur- 
poses of  distinguishing  them.  At  other  openings  in  the  chart 
are  arrows  showing  the  direction  of  the  currents  in  the  lead 
wires,  and  other  marks  show  the  direction  of  the  current 
through  the  various  parts  of  the  windings  as  well  as  the 
strength  and  direction  of  the  magnetic  field.  With  the  device 
is  a  little  instruction  book  concerning  its  use.  Altogether  It 
is  a  very  ingenious  means  of  demonstrating  the  current 
action  in  an  induction  motor,  and  is  well  worth  the  price  of 
25c.,  which  is  being  asked  for  It. 


OVER 

JUST     JESTS, 

THE    SPILLWAY 

JABS,      JOSHES    AND     JUMBLES 

Men  of  the  ancient  Egyptian  upper  crust,  says  an  Egypto- 
logist, "commonly  lived  to  be  110  years  old.  They  consumed 
100  jars  [Egyptian  for  'can'? — Editor]  of  beer  daily  and  had 
their  wives  tickle  their  feet."  According  to  this  theory,  a 
centipede,  with  its  choice  collection  of  feet,  should  live  5500 
years.  While  we  are  tickled  that  the  Egyptians  had  their 
feet  tickled,  wfe  are  jarred  somewhat  by  that  beer-consump- 
tion feat.  The  last  Metropolitan  Museum  Egyptian  we  saw 
looked  like  he'd  drunk  himself  black  in  the  face.  He  looked 
jarred,  or  pickled,   not  tickled. 


If  you  were  asked  to  name  offhand  ten  famous  men  in  the 
history  of  steam  engineering,  whom  would  you  say  and  in 
what  order?     Dig  up  a  postcard  and  send  your  list  to  "Power." 


Lincoln  Boffum,  who  is  doing  the  pumping  for  our  village 
"water  supply  out  on  the  meadows,  is  grinning  yet  over  how 
he  kidded  a  city  chap  who  was  out  that  way  shooting  hare. 
The  city  fellow  was  tearing  round  in  circles  when  he  spied 
Link  coming  across  the  yard  ^\-ith  a  barrow  of  coal,  and 
rushing  up.    hollered: 

"Say.   you;    I   lost   my   hare.      Seen   it?" 

Link  kind  of  snickers.  Then  pulling  off  his  cap,  and  dis- 
playing one  of  the  highest  foreheads  in  Harris  County,, 
drawls  out: 

"I    lost    all    of   mine,    and    I    ain't    makin'    the   fuss   you    be." 


One  of  J.  P.  Morgan's  partners  says  that  there  is  no  such- 
thing  as  a  money  trust;  it's  a  spectre.  Now  we  know  why 
on  pay-day  folks  ask:  "Has  the  ghost  walked  yet"?  This 
ghost  exhibits  the  right  spirit  usually  and  he  (or  it)  can't 
walk   too   often    to   suit   us. 


Even  if  we  have  no  money  ourselves,  we  like  to  talk  about 
it.  Here's  another.  The  Union  Electric  Light  &  Po'wer  Co., 
St.  Louis,  loans  money  to  its  needy  employees  who  might, 
otherwise  go  to  the  loan  sharks.  This  succor  by  the  com- 
pany saves  the  other  suckers  from  being  badly  bitten  by  the 
sharks,  and,  as  Old  Cap'n  Prouty,  down  Cape  Cod  way,  used 
to  say,  "Sharks  is  h-ll!  "  (You'll  have  to  guess  at  the  missing- 
letter). 


Continuing,  how  would  y^m  like  to  earn  a  hundred  thou- 
sand dollars  in  real  money?  You  can  if  you  know  a  better 
fuel  than  gasoline  for  an  internal-combustion  engine.  All 
Europe  and  the  United  States  (except  possibly  Dooley's 
friend,  Jawn  D.)  are  ready  to  make  you  rich  when  you  get 
the    answer. 


Here's  another  money  hunch.  Dr.  Hodge,  Niagara  Falls.  N.Y., 
offers  to  pa>-  a  thousand  dollars  to  anyone  who  will  give  him 
one  good  reason  for  the  habitual  use  of  tobacco.  As  the 
New  York  Fire  Commissioner  has  josjohnsoned  our  chances 
of  smoking  in  this  office,  we  hereby  offer  $2000  for  a  good 
excuse  for  breaking  this  law.  The  money  "will  be  cheerfully 
paid   out   of   our   next    week's   wage — er.    salary. 


A  distinguished  Frenchman  in  our  midst  says  he  cannot 
give  an  offhand  formula  for  the  significance  of  laughter.  That 
we  should  become  apprehensive  I  We  can  laugh,  even  take  a 
smile,  and  usually  we  don't  care  one  of  those  little  tinker 
things  what  we  laugh  at  either — but  the  "smile"  must  be 
good.  Ding  bust  the  reason,  always  excluding  the  sneer  and 
the  venom.  Let's  live  to  laugh  and  laugh  to  live.  If  you're 
just  "folks,"  laugh  and  grow  content:  if  you  think  you're 
"somebody,"    relax    occasionally    and    let    dignity    go    hang! 


Friend  Stone,  over  to  Boston,  has  mortared  and  pestled 
these  little  tablets  for  our  mental  digestion  and  to  give  pub- 
licity  to    the    Elliott    Power   &    Accessories: 

"Success   Comes   in  Cans.      Failures  in  Can'ts!" 

"Brains   Never   Swell    the   Head." 

"Seek,  and  Te  Shall  Find;  Knock  and  Nothing  Shall  Be 
Opened  Unto  You!" 


February  18,  1913 
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The  Mixed  Pressure  Steam  Turbine 


SYNOPSIS — Descripiion  of  a  mixed-pressure  turbine  be- 
ing put  out  by  the  British  Thomson-Houston  Co.  in  which 
the  high-pressure  and  low-pressure  steam  is  conducted 
through  separate  nozzles  in  the  second  stage.  The  gen- 
eral governing  features  of  mixed-pressure  tiu-bines  are  also 
discussed. 

In  a  paper  on  the  "Development  iu  Curtis  Steam  Tur- 
bines," read  recently  before  the  Manchester  Association 
of  Engineers,  R.  F.  Halliwell  devotes  considerable  space 
to  the  mixed-pressure  type  and  describes  the  latest  prac- 
tice of  the  British  Thomson-Houston  Co.  iu  this  respect. 
His  remarks  were  in  part  as  follows : 

In  mixed-pressure  turbines  the  low-pressure  steam  is 
generally  admitted  to  an  intermediate  stage  where  it 
mixes  with  steam  which  has  already  done  work  in  the 
high-pressure  stage.  In  many  cases,  however,  where  the 
utmost  economy  under  high-pressure  conditions  is  not  es- 
sential, a  special  high-pressure  stage  is  not  employed,  the 
high-pressure  steam  and  low-pressure  steam  both  being 
admitted  to  the  same  first-stage  wheel,  of  course,  through 
separate  nozzles,  the  two  supplies  of  steam  not  mixing 
until  both  have  done  work  in  the  first  stage.  This  ar- 
rangement presents  many  advantages,  inasmuch  as  the 
utilization  of  the  low-pressure  steam  available  is  not  af- 
fected by  the  quantity  of  high-pressure  steam  which  is 
being  admitted  to  the  turbine. 

The  same  cannot  he  said  of  the  ordinary  mixed-pressure 
turbine,  with  a  separate  high-pressure  stage,  in  which  the 
low-pressure  steam  mixes  with  the  already  partially  uti- 
lized high-pressure  supply,  the  two  together  passing 
through  common  nozzles  to  the  second  stage.  In  this  case, 
since  the  .second-stage  nozzles  have  to  be  designed  to  pass 
a  certain  maximum  quantity  of  steam  at  the  low-pres- 
sure inlet  pressure,  if  from  any  cause  the  amount  of  high- 
pres.sure  steam  being  used  is  larger  than  that  allowed 
for,  the  quantity  of  low-pressure  steam  which  can  pass 
through  the  nozzles  will  be  correspondingly  reduced,  with 
the  effect  that  the  turbine  is  incapable  of  utilizing  its  full 
quantity  of  low-pressure  steam,  although  there  may  be  an 
ample  supply  available. 

The  great  advantage  of  having  separate  low-pressure 
inlet  nozzles  will  therefore  l)e  apparent,  Init  in  order  that 
the  pressure  in  the  .second  stage  may  not  affect  the  flow 
of  steam  through  the  first-stage  nozzles,  it  is  necessary 
that  the  second-stage  pressure  be  not  greater  than  about 
58  per  cent,  of  the  first -stage  pressure,  that  is,  the  critical 
point  below  which  the  weight  of  discharge  through  a  noz- 
zle is  independent  of  the  discharge  pressure  and  depends 
solely  on  the  initial  pressure.  To  be  well  on  the  safe 
side  of  this  critical  point  it  is  necessary  that  a  consider- 
able proportion  of  the  energy  be  utilized  in  the  first  low- 
pressure  stage,  the  Curtis  turbine  being  practically  the 
only  one  which  permits  this  to  l)e  done  without  loss  of 
efficiency.  With  the  reaction  type  in  which  steam  is  ad- 
mitted around  the  whole  circumference,  this  arrangement 
is  impossible. 

The  British  Thomson-Houston  Co.  has  recently  pat- 
ented and  are  now  building  a  new  tyi)e  of  mixed-pres- 
sure turbine,  shown  in  the  illustration,  in  which  the  ad- 
vantages mentioned  are  combined  with  excellent  economy 
on  high-presBure  steam.  This  turbine  bus  a  .separate  high- 


pressure  stage,  the  steam  from  which,  instead  of  mixing 
with  the  low-pressure  steam  and  then  passing  to  the  sec- 
ond stage  goes  into  separate  nozzles  in  the  second  stage, 
the  two  supplies  not  mixing  until  they  have  passed 
through  the  second  stage.  Owing  to  the  provision  of  spe- 
cial nozzles  in  the  second  stage  to  receive  the  partially 
utilized  high-pressure  steam,  these  nozzles  can  be  designed 
to  suit  high-pressure  conditions. 

It  should  be  noted  that  when  this  turbine  is  operating 
with  low-pressure  steam  alone,  the  pressure  in  the  space 
surrounding  the  high-pressure  wheel  is  only  that  found 
at  the  entrance  to  the  third  stage,  which  being  quite  low 
produces  small  rotation  losses,  so  that  the  loss  in  eflficiency 
as  a  low-pressure  turbine  is  small. 

This  design  of  turbine  has  been  criticized  because  when 
operating  under  mixed-pressure  conditions  with  a  quan- 
tity of  low-pressure  steam  below  the  normal,  the  inlet 
pressure  of  the  low-pressure  steam  is  lower  than  it  would 
be  if  the  pressure  were  kept  up  by  the  admixture  of  the 
high-pressure  steam  which  is  being  used,  and  that  there- 


Skctiox  through  Thomsox-Houstox  Mixed-pukssure 
TruBixE 

fore  the  low-pressure  steam  consumptions  suffer.  It  would 
certainly  seem  that  to  claim  an  advantage  for  the  main- 
tenance of  pressure  in  an  ordinary  mixed-pressure  turbine, 
due  to  the  admission  of  high-pressure  steam,  is  iu  the 
nature  of  making  a  virtue  of  a  necessity,  and  tiiat  any 
slight  theoretical  gain  in  economy  under  certain  abnor- 
mal conditions  is  more  than  counteri)alanced  by  the  ability 
to  utilize  at  all  times  the  full  quantity  of  exhaust  steam. 
.\lso  in  the  case  of  turbines  working  with  regenerative 
accumulators,  the  reduction  in  pressure  as  the  quantity 
of  low-pressure  steam  decreases  permits  full  advantage  to 
l)e  taken  of  the  regenerative  capacity  by  using  an  auto- 
matic shutoff  valve  on  the  far  side  of  the  accumulator. 

In  the  British  Thomson-Houston  mixed-pressure  tur- 
bines the  low-pressure  controlling  valve,  which  is  usually 
of  the  butterfly  type,  is  operated  by  a  bell  crank  actuated 
by  a  spiral  cam  at  the  end  of  the  camshaft.  The  cams 
are  arranged  so  that  the  first  high-pressure  valve  is  not 
opened  until  the  low-pressure  valve  is  wide  open,  so  that 
so  long  as  there  is  sufficient  low-pressure  steam  to  deal 
with  the  load  no  high-pressure  steam  is  used. 
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In  many  cases  where  mixed-pressure  turbines  are  op- 
erated in  electrical  connection  with  reciprocating  engines, 
from  which  the  low-pressure  steam  is  obtained,  no  con- 
trolling valve  for  the  low-pressure  steam  is  fitted,  or  if 
fitted  is  rendered  inoperative  by  the  turbine  being  kept 
to  speed  through  the  interlocking  of  the  engine  and  tur- 
bine generators,  and  utilizing  all  the  exhaust  steam  avail- 
able. High-pressure  steam  can  be  admitted  when  dealing 
with  heavy  loads  by  adjusting  the  synchronizing  gear, 
so  that  if  left  to  itself  the  turbine  would  run  a  little 
slower  than  the  normal  speed  of  the  station.  In  this  way 
the  turbine  governor  will  only  come  into  operation  when 
the  total  load  is  such  as  to  cause  the  station  .speed  to  drop 
a  certain  amount  below  the  normal.  A  set  of  3000  kw. 
capacity  has  been  recently  supplied  to  the  Lancashire  & 
Yorkshire  Ey.  for  their  Formby  station. 

Another  method  of  governing  mixed-pressure  turbines, 
when  the  turbine  receives  the  exhaust  from  an  engine  or 
engines  not  electrically  connected  with  the  turbine,  is  to 
arrange  the  low-pressure  controlling  gear  to  operate  a  by- 
pass either  to  a  lower  stage  or  to  the  condenser.  By  this 
means,  should  the  quantity  of  exhaust  steam  be  more  than 
sufficient  for  the  load  on  the  turbine,  the  bypass  opens,  and 
reducing  the  back  pressure  on  the  engine,  enables  it  to  do 


its  work  with  less  steam,  the  quantity  of  which  is  read- 
justed by  the  engine  governor.  With  this  arrangement 
the  back  pressure  on  the  engine,  and  consequently  the 
quantity  of  steam  used  by  the  engine  is  kept  down  to 
the  minimum  required  for  the  load  on  the  turbine,  and 
maximum  combined  efficiency  is  thereby  obtained. 

Where  mixed-pressure  turbo-alternators  run  in  parallel 
with  high-pressure  sets  of  similar  or  larger  size,  it  be- 
comes necessary  to  slightly  modify  the  governor  gear  to 
permit  a  proper  distribution  of  load  to  be  secured  in  the 
event  of  a  partial  or  complete  cessation  of  the  low-pres- 
sure supply.  This  is  easily  and  simply  provided  for  by  a 
duplex  arrangement  of  the  pilot  valve  regulating  the  oil 
supply  to  the  servo  motor.  The  valve  itself,  which  re- 
mains as  before,  is  surrounded  by  a  sleeve  or  hollow  outer 
valve,  actuated  by  a  piston  exposed  to  the  low-pressure 
inlet  pressure  in  such  a  way  that  if  this  inlet  pressure 
falls  the  position  of  the  ports  admitting  oil  to  the  servo 
motor  is  altered ;  also  the  camshaft  is  rotated  sufficiently 
to  admit  enough  high-pressure  steam  to  deal  with  the  load 
without  the  governor  being  affected,  and  therefore  with- 
out any  change  in  speed.  Restoration  of  the  low-pressure 
inlet  pressure  results  in  the  replacing  of  the  parts  in 
their  original  positions. 


On    Figuring   the    Indicated    Horsepower 


BV    JlLIAX    r.    SilAl.L\V( 


SYNOPSIS— The  author  demonst rales  that  unless  the 
area  of  the  diagram  from  one  end  is  three  times  that  of 
the  diagram  from  the  other.  less  than  one  per  cent,  of 
error  is  incurred  by  using  the  average  diagram  and 
piston  areas  in  computing  the  horsepower.  He  also  gives 
a  formula  for  setting  an  adju.^table  planimeter  so  that  H 
will  read  directly  in  terms  of  horsepower. 


Wlien  using  the  formula 
I.hp.  = 


P  L  A  X 


33,000 

for  a  mathematically  exact  result,  it  is  necessary  to  cal- 
culate separately  the  horsepowers  on  the  two  sides  of  the 
piston  of  a  double-acting  steam  engine  and  add  them  to- 
gether to  get  the  total  horsepower.  This  is  because  the 
area  on  the  crank  end  is  less  than  that  on  the  head  end 
by  the  amount  of  the  piston-rod  cross-section.  The  steam- 
engine  code  of  the  A.  S.  M.  E.  recommends  that  the 
average  mean  effective  pressure  and  the  average  area  be 
used  in  the  formula  so  that  the  result  may  be  obtained 
by  a  single  computation,  X  then  signifying  the  number 
of  strokes  instead  of  the  number  of  revolutions.  The 
code  further  states  that  where  extreme  accuracy  is  re- 
quired, the  first  mentioned  method  may  be  used ;  hut  it 
does  not  say  how  much  error  may  be  involved  by  not 
using  it  nor  under  what  circumstances  the  error  may  be 
excessive. 

A  brief  consideration  will  show  that  the  more  nearly 
is  the  area  on  the  crank  end  equal  to  that  on  the  head 
(that  is,  the  smaller  is  the  area  of  the  piston  rod  relative 
to  that  of  the  cylinder),  the  less  error  is  there  in  the 
approximate  calculation.  Also,  the  less  difference  is  there 
between  the  mean  effective  pressures  on  the  two  sides 
of  the  piston,  the  less  error  is  there.  Wlien  they  are 
equal,  the  results  from  the  two  methods  are  the  same 


The  following  is  a  rational  formula  by  which  the  per 
cent,  of  error  ensuing  from  the  approximate  method  may 
be  determined  for  any  conditions. 
Let 

/,'  =  Ratio  of  the  m.e.p.   on  the  crank  end  to  the 

m.e.p.  on  the  head ; 
(/  =  Diameter  of  the  piston  rod,  inches ; 
I>  =  Diameter  of  the  cylinder  bore,  inches. 
Then 

R 


Per  rent,  (if  error 


r/2        1 


As  an  example,  let  (/  =  'i  in..  D 
Then 


10  in.,  and  P 


rent,  (if  ('rvfjv  =  50 j-^-, 


1  —  3       ,^ 
X  ,        .,  =  1%,  minus 


It  is  hardly  worth  while,  because  of  instrumental  er- 
rors, to  calculate  the  result  closer  than  to  1  per  cent,  of 
error,  so  we  may  conclude  that  under  these  conditions  if 
the  mean  effective  pressure  on  one  end  is  less  than  three 
times  what  it  is  on  the  other,  the  approximate  calcula- 
tion is  sufficiently  accurate.  It  is  apparent,  too,  that 
with  any  engine  with  a  valve  setting  giving  fair  division 
of  the  load,  so  that  the  mean  effective  jjressures  are  rea- 
sonably equal,  there  is  entirely  negligible  error  from  the 
approximate  method.  With  some  engines  the  cylinder 
work  may  be  fairly  divided  at  normal  loads,  but  at  light 
loads  quite  unequally  so.  In  such  cases  the  formula  will 
show  whether  or  not  the  correct  method  should  be  used. 
A  convenient  rule  following  from  the  formula  is  as  fol- 
lows : 

If  the  mean  effective  pressure  on  one  end  is  not 
greater  than 

50  f/-i  -I-  7)2 


50  rf2 


D-i 


Frbriiiirv  18.  1913 


POWER 


243 


iiines  (lie  mean  effective  pressure  on  the  other,  then  the 
error  is  less  tlian  1  per  cent. 

Taking  advantage  of  the  approximate  nietliod,  the  iu- 
dit-ated  horsepower  of  a  steam  engine  may  be  readily  ob- 
tained by  a  direct  reading  of  a  polar  jjlanimeter  without 
calculation,  provided  the  plauimeter  has  an  adjustable 
arm.  It  is  merely  necessary  to  adjust  the  length  of  this 
arm  (namely,  the  distance  between  the  tracing  point  and 
the  pivot  of  the  planimeter),  according  to  the  result  ob- 
tained by  the  following  formula : 
Let 

('  =  Desired  length  of  the  adjustable  arm,  inches; 

I  =  Length  of  the  indicator  diagram,  inches ; 
S  =  Scale  of  the  indicator  spring ; 
E  =  Product  of  LAN  in  the  PLAN  formula:  L  in 
feet,  A  the  average  of  the  two  areas,  square 
inches,  iY  the  r.p.m. ; 
w  =  Diameter  of  record  wheel,  inches ; 
G  =  jST limber  of  graduations  on  the  record  wheel ; 
X  =  dumber  of  graduations  selected  to  read  one 
indicated  horsepower. 
Then 


C  = 


10,500  I  G 


With  the  adjustable  arm  set  to  equal  the  calculated 
length  C,  the  i.hp.  is  read  directly  from  the  record  wheel 
according  to  the  selected  scale  X,  after  traversing  the 


FlO.    1.    11(11111    liC.MOVliU,    SUOWIXO    ACCESSIBILITV    OF 

Valve 

head  and  crank-ciid   diagrams  in  the  usual  way  to  ob- 
tain  area. 

As  an  example,  take  a  lOxlG  engine  at  160  r.p.m.,  hav- 
ing a  l7'(t-in.  pi.stou  rod.  The  indicator  diagrams  arc 
3.25  in.  long  and  the  .icalo  of  the  indicator  spring  is  60 
lb.  to  the  inch.    The  plauimeter  has  a  record  wheel  0.79 


in.  in  diameter  bearing  100  graduations.  A  vernier  sub- 
divides each  graduation  into  tenths  so  that  if  one  gradu- 
ation on  the  wheel  equals  one  horsepower,  the  results  may 
be  read  to  one-tenth  of  a  horsepower.  Hence  a  con- 
venient value  of  A'  is  1.  The  area  on  the  head  end  is 
78. .5.  on  the  crank  is  76.9  sq.in.,  and  the  average  area 
is  77.7  sq.in.     Now, 

A'  =  ]|  X  77.7  X  160  =  16,576 
10,500  X  3.25  X  100 


0 


=  4.34  m. 


60  X  16,676  X  0.79  X  1 
For  obtaining  the  results  during  the  progress  of  a  test, 
this  method  will  be  found  •^■ery  convenient  as  it  saves  the 
time  and  labor  of  slide-rule  work  without  impairing 
arithmetical  accuracy.  The  indicators  should  give  a 
constant  length  of  diagram  equal  to  that  used  in  the 
calculation  for  C.  An  average  value  of  the  r.p.m.  is  used 
in  the  formula  for  C.  If  the  speed  changes,  the  arm  C 
may  be  readjusted  to  a  new  length  equal  to  that  first 
calculated  multiplied  by  the  ratio  of  the  first  to  the  sec- 
ond number  of  revolutions  per  minute. 

Boylston  Improved  Steam  Trap 

The  Boylston  improved  steam  trap,  illustrated  here- 
with, is  designed  with  especial  view  to  accessibility  and 
low  maintenance  cost.  By  using  a  reversible  valve  seat 
doubly  long  life  is  given  to  that  important  part  of  the 
api^aratus.  The  disk  can  be  removed  by  lifting  the  valve 
hood.  Fig.  1,  which  exposes  the  disk,  and  taking  out  tlie 


Fid 
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small  ]iin  which  fastens  the  disk  to  the  stem.  The  scat 
can  be  removed  from  tlie  hood  l)y  taking  out  tlu-  brass 
bushing  which  holds  it  in  place. 

Another  feature  is  the  i)uilt-in  !)ypass  and  air-vent 
valve.  Fig.  2.  With  this  arrangement  extra  ])i]iing,  lif- 
tings and  labor  are  saved. 

Duo  to  the  fact  that  tlic  valve  stem  is  anchored  close  to 
IIk!  bucket  hinge,  producing  thereby  maximum  leverage, 
it  is  possible  to  ues  a  valve  of  unusually  large  area  and, 
hence,  obtain  large  capacity. 

This  trap  is  mannfaetured  by  the  Western  Kieley 
Steam  Specialty  Co.,  116  West  Illinois  St.,  Chicago,  III. 
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Developments  in  Oil  Burning 


By  E.  H.  Peabody 


SYNOPSIS — Methods  of  introducing  air  to  secure 
proper  mixture  with  the  oil  spray.  Principal  oil-hurn- 
in<j  systents  installed  in  torpedo-boat  destroyers. 

Air  Distributors 

Great  delicacy  is  required  in  introducing  the  air  for 
combustion,  very  slight  changes  affecting  the  results  in 
unsuspected  ways,  and  while  almost  any  method  may  re- 
sult in  smokeless  combustion,  maximum  economy  aud 
eapacitj'  can  only  be  secured  by  careful  and  intelligent 
design. 

It  is  not  necessary  to  give  the  air  a  whirling  motion  but, 
judging  from  rather  exhaustive  experiments,  better  gas 
analyses  are  secured,  lower  air  pressures  are  required, 
and  less  refinement  of  adjustment  is  needed  if  the  air  is 
brought  into  contact  with  the  oil  spray  with  the  right  sort 
of  a  twist.  We  have  found  the  impeller  plate  illustrated 
in  Fig.  9  most  effective  in  accomplishing  this  mixture, 
and  most  satisfactory  results  have  been  obtained  with  it. 

Fig.  10  shows  a  cast-iron  truncated  cone,  with  slots 
cored  in  the  side  so  arranged  as  to  give  the  air  a  whirl- 
ing motion.  It  was  tried  with  the  end  closed  and  all  the 
air  passing  through  the  slots,  and  also  with  the  end  open, 
some  of  the  air  passing  through  the  slots  and  some 
through  the  end  of  the  cone  around  the  burner.     The 


of  the  air  obtained  with  this  arrangement  is  of  a  different 
character  from  that  obtained  with  the  impeller  plate. 
Fig.  11  shows  truncated  cones  made  up  of  concentric 


Fig.  !).  Impeller  Plates 


rings  of  sheet  iron  with  air  passages  between  them,  and 
so  formed  as  to  direct  the  air  toward  the  axis.  The 
angle  of  one  set  of  rings  was  7y_,  deg.  and  that  of  the  other 


FIG.    19 


xjT/     poHEa 

F16.  ZZ 


burner  was  located  at  the  end  of  the  cone  as  shown  in 
the  cut,  and  also  pushed  into  the  inner  end  of  the  cone, 
and  also  in  intermediate  positions.    The  whirling  motion 

•First  part  of  this  paper,  which  was  read  before  the  Society 
of  Naval  Architects  and  Marine  Engineers,  appeared  in  Power, 
Feb.  11,  1913. 


set,  15  deg.  from  the  axis.  There  was  no  whirling  motion. 
Fig.  12  shows  a  truncated  cone  of  sheet  iron  with  no 
air  openings  in  the  side  but  at  both  ends,  as  shown  by 
the  arrows.  N'o  whirling  motion  resulted.  Fig.  1.3  illus- 
trates a  flat  disk  or  plate  of  sheet  iron  placed  on  the  fire- 


Febniarv  18,  1913 


POWER 


245 


room  side  of  the  burner  tip  to  produce  the  effect  of  direct- 
ing the  air  to  the  oil  spray.  The  plate  was  tried  in  vari- 
ous positions  and  removed  entirely,  but  no  whirling  mo- 
tion was  obtained.     Fig.   14  is  a  sheet-iron  cone  placed 


the  center  driving  the  air  upward  and  the  blades  above 
the  center  driving  the  air  downward.  This  was  used  with 
a  flat-spray  burner.  Fig.  22  shows  a  series  of  vertical 
blades  on  a  flat  plate  of  oblong  shape.     The  blades  below 
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Fig.  23.    THORXYciioiT  Burxer 


over  the  biirner  tip  to  direct  the  air.  The  cone  was  tried 
in-  various  combinations  with  regard  to  the  burner  tip 
and  opening  to  the  furnace  without  obtaining  a  whirling 
motion.  Fig.  15  represents  a  conical-bladed  air  im])eller 
by  which  the  air  was  given  a  whirling  motion  aiul  di- 
rected in  toward  the  axis. 

Fig.  16  is  the  reverse  of  the  last  figure.  The  air 
is  given  a  whirling  motion  but  directed  away  from  the 
axis.  Fig.  17  is  a  venturi  tube  effect.  The  air  is  given 
a  wliirling  motion  by  means  of  a  flat-bladed  air  impeller. 
A  large  impeller  was  set  at  the  'arge  diameter  at  the  en- 
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trance  of  the  tube,  and  in  another  experiment  a  small 
ini])oller  was  set  at  the  contracted  diameter  of  the  tube. 

.\  device  for  giving  the  air  a  whirling  motion  by  de- 
livering it  in  a  plane  at  right  angles  to  the  axis  of  the 
burner,  tangentially  to  an  air  chamber  surrounding  the 
burner  tip  is  shown  in  Fig.  18.  Fig.  19  is  an  impeller 
giving  the  air  a  double  twist,  the  outer  blades  driving  it 
one  way  and  the  inner  blades  driving  it  the  other. 


24.  XoRMAXD  System 

the  center  drive  the  air  to  the  left  and  the  lilades  above 
the  center  drive  the  air  to  the  right.  This  arrangement 
was  used  with  a  flat-spray  burner. 

Prixcipal  Systems  Used 

In  tlie  following  are  briefly  described  the  principal 
systems  which  have  been  installed  in  torpedo-boat  de- 
stroyers. 

Thorxycroft,  Fig.  23.  In  this  Inirner  the  oil  receives 
a  whirling  motion  by  passing  through  a  spiral  groove  into 
a  central  chamber  communicating  with  the  outlet  orifice 
of  the  tip.  The  tip  fits  on  to  a  nozzle  in  which  there  is 
a  cylindrical  hole  about  the  same  diameter  as  the  central 
chamber,  and  concentric  with  the  axis  of  the  burner.  In 
the  surface  of  this  cylindrical  hole  a  thread  of  square  sec« 
tion  is  cut,  of  very  slight  depth  at  the  end  coinciding  with 
the  central  chamber  in  the  tip,  but  increasing  rapidly  in 
depth  toward  the  direction  of  the  opposite  end  of  the 
burner  at  whicli  the  oil  is  admitted.  A  spindle  fits  into 
the  cylindrical  hole  of  the  nozzle  and  on  this  spindle  there 
is  a  corresponding  thread,  accurately  fitting  the  thread  of 
the  nozzle  and  tapering  to  practically  nothing  at  the  enil. 
When  tlie  spindle  is  screwed  home  the  thread  on  th-? 
spindle  bottoms  on  the  tapered  thread  of  the  nozzle  and 
no  oil  can  get  to  the  tip.  As  the  spindle  begins  to  be 
unscrewed,  however,  the  marked  taper  of  the  two  threads, 
causes  them  to  separate  and  form  in  combination  a  spiral 
groove,  tiie  sectional  area  of  which  rapidly  increases  as 
tlie  spindle  continues  to  be  unscrewed.  The  central 
chamber  is  formed  by  the  combination  of  tlie  end  of  the 
spindle  and  the  burner  tip.    The  output  of  this  burner  is- 
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Fig.  20  sliows  a  long  horizontal  slot  admitting  the  air 
into  a  chamber  enlarging  toward  the  furnace.  This  de- 
vice was  used  in  connection  with  tiic  flat-spray  atomizer. 
Fig.  21  shows  a  scries  of  horizontal  l)]ades  located  on  a 
flat  plate  over  an  area  of  circular  form,  the  blades  below 


Fig.  27.  Fore  Piver  Burnkh 

controlled  by  the  revolution  of  (he  spindle  which  regulates 
the  area  of  the  spiral  oil  ])iissagc. 

The  air  for  coinbustion  is  adniiltcd  through  annular 
openings  formeil  between  concentric  rings  or  short  cylin- 
ders strung  together  to  form  a  sort  of  truncated  cone. 
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somewliat  similar  to  the  device  shown  in  Figs.  18  and  19, 
except  that  in  the  present  case  the  air  is  not  directed  to- 
ward the  center. 

XoraiAXD,  Fig.  24.  Eight  small  ducts  deliver  the  oil 
tangentially  to  the  central  chamber  formed  by  the  combi- 
nation of  the  tip  and  an  adjustable  spindle.  The  chamber 
is  recessed  so  that  the  movement  of  the  spindle  does  not 
in  any  way  close  or  affect  the  ducts,  its  office  being,  besides 
forming  one  wall  of  the  chamber,  to  close  or  throttle  the 
outlet  orifice.  In  the  burner  the  ducts  and  outlet  passage 
and  orifice  are  made  in  a  single  piece  which  is  held  to  the 
pipe  or  body  of  the  burner  by  a  clamp.  The  air-distribut- 
ing device  or  tuyere  consists  of  a  truncated  cone  of  sheet 
iron  fitted  on  a  portion  of  its  surface  with  blades  for 
giving  the  air  a  whirling  motion,  as  shown  in  Fig.  25,  on 
the  preceding  page. 

ScHUTTE-KoERTiXG,  Fig.  26.  The  tip  of  this  burner  is 
chambered  out  to  receive  a  small  spindle,  less  in  diameter 
than  the  chamber  except  at  the  end,  which  is  provided 
with  a  triple  parallel  thread  which  just  fits  the  chamber 
and  forms  the  oil  to  a  smaller  chamber  at  the  end  of  the 
spindle  communicating  with  the  outlet  orifice.  The 
spindle  is  not  adjustable,  the  burner  capacity  being  varied 
entirely  by  controlling  the  oil  pressure  and  temperature. 
This  burner  is  fitted  ^-ith  a  yoke  and  hand  screw  which 
holds  it  in  position  and  provides  a  ready  means  for  dis- 
connecting. The  air  distributor  is  a  truncated  cone  pro- 
vided with  longitudinal  slots  or  openings  which  may  be 
varied  in  area  by  means  of  a  cover  or  register  revolving 
on  the  outside  and  regulated  by  suitable  mechanism.  The 
air  does  not  receive  a  whirling  motion,  the  mixture  with 
the  oil  spray  being  obtained  by  carrying  a  high  air  pres- 
sure and  forcing  it  through  the  restricted  area  of  the  slots 
at  high  velocity. 

Fore  River,  Fig.  27.  An  adjustable  spindle  in  this 
burner  is  arranged  to  throttle  or  close  the  outlet  orifice 
and  to  vary  the  size  of  the  central  chamber  to  which  the 
oil  is  delivered  through  two'taagen-t-iah  duets,  and  the  bur- 
ner is  provided  with  a  quick  detachable  arrangement  for 
holding  in  place. 

The  air  distributor  is  a  cone  provided  with  air  slots  in 
the  side  which  give  the  air  a  whirling  motion,  the  area 
of  these  slots  being  controlled  by  regulating  mechanism. 
The  angle  of  the  cone  is  about  60  deg.,  which  is  much 
greater  than  that  of  any  of  the  designs  above  described, 
and  another  difference  lies  in  the  fact  that  all  the  air 
enters  through  the  slots  and  none  around  the  burner.  The 
slots,  besides  being  so  arranged  as  to  give  the  air  a  whirl- 
ing motion,  are  greater  in  area  in  the  direction  of  the 
furnace. 

Summary 

In  the  preceding  pages  the  autlior  tried  to  show  that 
while  the  problem  of  oil  burning  presents  some  difficulties, 
particularly  as  regards  admission  of  air,  there  is  no  mys- 
terj'  about  the  matter.  A  strong  leaning  toward  simplic- 
ity, "horse  sense,"  and  some  experience,  are  a  combination 
reasonably  sure  of  giving  good  results.  On  the  other  hand 
oil  is  not  water,  and  the  manufacturers  of  water  sprink- 
lers who  have  recently,  under  the  stimulus  of  the  times, 
entered  the  field  of  oil  burning  and  steam  generation, 
will  find  something  more  required  than  a  table  of  steam 
properties  and  a  few  analyses  of  oil,  and  will  certainly 
learn  the  fallacy  of  the  theory  that  "It's  all  in  the  nozzle" 


The  Ferranti   Steam  Gas  Turbine 

For  some  years  it  has  been  known  that  Dr.  S.  Z.  de 
Ferranti,  past  president  of  the  Institution  of  Electrical 
Engineers,  has  been  engaged  in  experimental  work  in 
connection  with  the  steam  turbine,  with  a  view  to  the 
utilization  of  steam  in  the  condition  of  an  approximately 
perfect  gas;  that  is,  superheated  far  above  its  satura- 
tion point;  but  the  details  of  his  engine,  and  the  de- 
gree of  success  that  he  had  attained,  were  kept  strictly 
secret.  Now,  however,  in  the  course  of  the  annual  lecture 
in  honor  of  James  Watt,  which  he  recently  delivered  at 
Greenock,  Dr.  Ferranti  has  taken  the  world  into  his  con- 
fidence. 

In  the  course  of  his  lecture,  he  pointed  out  that  there 
v.  as  a  natural  division  between  the  steam  turbine  and  the 
internal-combustion  engine,  the  former  being  at  its  best 
when  built  for  large  powers,  while  the  latter  was  most 
suitable  for  small  powers,  and  referring  to  the  strenuous 
efforts  which  are  being  made,  especially  in  Germany,  to 
aevelop  the  Diesel  engine  in  large  sizes  for  marine  pro- 
jiulsion,  he  stated  that  few  people  had  any  conception  of 
the  failures  and  breakdowns  which  had  repeatedly  oc- 
curred with  the  big  experimental  engines  that  had  been 
constructed,  as  these  facts  were  carefully  concealed  from 
the  foreigner.  Turning  to  the  steam  turbine,  he  said 
that  the  economy  increased  as  the  temperature  was 
raised,  but  mechanical  difficulties  were  met  with  at  high 
temperatures ;  however,  he  had  commenced  experiment- 
ing some  years  ago  with  a  view  to  overcoming  those  dif- 
ficulties and  had  now  succeeded,  after  expending  much 
time  and  money,  in  producing  a  turbine  which  was  quite 
free  from  such  troubles  even  at  the  highest  temperatures, 
and  under  wide  and  rapid  variations  of  temperature.  Dr. 
Ferranti  stated  that  in  spite  of  the  high  temperature,  his 
turbine  runs  with  certainty  with  an  extremely  small 
clearance  over  the  blades,  diminishing  leakage  to  a  neg- 
ligible quantity,  and  without  any  risk  of  stripping. 

Not  only  is  the  steam  superheated  before  admission 
to  the  turbine,  but  it  is  also  resuperheated  after  the  first 
expansion,  and  when  exhausted  from  the  turbine  it  is 
still  in  a  superheated  condition — whence  the  designation 
"steam-gas"  which  is  applied  to  it.  Before  the  steam 
enters  the  condenser  it  passes  through  a  heater,  by  means 
of  which  a  large  portion  of  the  heat  energy  is  recovered. 
The  blades  are  of  mild  steel,  faced  with  a  thin  coating 
of  pure  sheet  nickel  electrically  welded  on,  and  are  most 
accurately  finished  to  shape  by  a  process  of  step-by-step 
pressing,  under  very  heavy  pressure.  The  whole  of  the 
blading  is  electrically  welded  in  position  by  automatic 
machinery  so  as  to  avoid  straining,  due  to  calking,  which 
occurs  at  the  high  temperatures  employed,  and  to  pre- 
vent loosening,  due  to  the  same  cause.  Although  the  tur- 
bine is  of  the  reaction  type,  a  balance  dummy  is  not  em- 
ployed, the  end  thrust  being  taken  on  a  specially  con- 
structed thrust  bearing,  which  prevents  steam  leakage. 

A  turbine  built  on  these  lines,  of  5000  hp.,  has  been 
running  for  some  time,  driving  a  large  plant.  When 
tested  at  two-thirds  load,  it  is  claimed  to  have  produced 
a  shaft  horsepower  on  a  consumption  of  7  lb.  of  steam 
])er  hour,  which  is,  of  course,  far  in  advance  of  anything 
previou.sly  attained.  This  could  be  supplied  by  an  oil- 
fired  boiler  and  superheated  steam  with  a  consumption 
of  0.625  lb.  of  oil  per  hp.-hr.  As  the  turbine  is  con- 
stantly I'unning  on  a  variable  load,  it  is  difficult  to  ob- 
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taiu  ail  wppurtuuity  to  carry  out  the  full-load  tests.  Dr. 
Ferranti  anticipates  that  when  applied  on  a  large  scale, 
the  system  will  be  capable  of  attaining  an  overall  thermal 
efBciency  of  29  per  cent,  at  a  steam  consumption  of  less 
than  6  lb.  per  hp.-hr. 

It  will  be  seen  that  in  this  turbine  the  Diesel  oil  en- 
gine has  a  formidable  competitor  in  point  of  fuel  con- 
.-umption,  as  well  as  capital  cost,  which  at  present  heavily 
handicaps  the  Diesel  type.  The  large  size  of  the  experi- 
mental turbine  also  gives  confidence  in  the  results,  which 
would  have  been  lacking  if  only  a  small  machine  had  been 
built. 

Diehl  Electrically  Controlled  Draft 
Regulation 

A  system  of  electrically  controlled  draft  regulation  has 
been  evolved  by  the  Diehl  Manufacturing  Co.,  Elizabeth- 
port,  X.  J.  An  electric  motor  in  combination  with  a 
blower  is  shown  in  Fig.  1.    The  motor  drive  tends  to  ma- 


To  provide  against  loss  occasioned  by  a  breakdown, 
duplicate  motors  can  be  arranged  on  either  side  of  the 
fan,  one  only  being  coupled,  and  the  spare  motor  ready 
to  couple  on  at  a  moment's  notice.  This  installation  may 
be  varied  by  the  use  of  an  electric  motor  and  steam-en- 
gine relief  unit,  as  illustrated  in  Fig.  2. 

The  motor  is  shunt  wound  and  protected  from  dust 
and  dirt.  A  steam-damper  regulator  is  mounted  along- 
side the  electrical-control  panel,  as  shown  in  Fig.  3.  An 
automatic  solenoid  self-starter  is  shown  below  the  steam 
gage;  the  change-over  switch  for  either  motor  is  shown 
alongside.  Below  are  illustrated  the  chains,  sprockets 
and  counterweight  which  regulate  the  motor  speed  in  ac- 
cordance with  the  movement  of  the  regulator  attached 
to  the  wall. 

The  automatic  action  is  as  follows:  Assuming  that  the 
steam  pressure  is  high,  the  damper-regulator  piston  is  at 
the  extreme  end  of  its  upstroke,  thus  bringing  the  start- 
ing lever  to  the  position  shown,  stopping  the  motor.  As 
soon  as  the  steam  pressure  drops,  the  regulator  operates, 
transmitting  its  movement  through  the  cord  and  chains 
to  the  two  circular  contacts  shown  under  the  rheostat. 


Fill.    -i.    ^foTOT!    .VXD    EX0IN'E-DIIIV?:\    F.\N 


Fig.  3.  Dami'kk  T{i:f)fi,.uoi!  and   Ki,i:(  thical  Control 


teriaily  lower  tiic  initial  cost,  because  a  high-speed  fan 
may  be  used.  One  of  the  principal  features  of  the  out- 
fit is  flexibility  of  speed  control,  as  the  draft  must  be  au- 
tomatically regulated  to  suit  conditions,  and  it  is  change- 
able at  will. 


This  movement  closes  the  cla])])Pr  switch  and  o])crates 
the  automatic  motor  starter,  giving  the  jninimum  speed 
Available.  The  chains  and  sprockets  transmit  further 
movement  of  the  damper  regulator  to  the  control  arm 
of  the  motor  field  resistance  attached  behind  llie  board 
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and  not  shown,  the  contact  lever  traveling  over  a  series 
of  60  contacts,  which  movemeut  increases  the  speed  to 
anv  given  point  or  maintains  it  at  am'  one  point,  ac- 
cording to  draft  requirements.  When  the  couuterweiglit 
drops,  the  contact  lever  returns  to  the  slow  speed  or 
"Full  OIF'  position.  A  series  of  speed-limit  switches  is 
attached  to  the  panel. 

At  times  when  the  weather  conditions  are  good  and 
produce  a  strong  natural  draft,  the  motor  is  stopped  an 
appreciable  part  of  the  time,  resulting  in  a  saving  of 
power,  but  is  ready  to  be  instantly  started  when  condi- 
tions  alter. 

Boiler  Explosion  at  Pine   Barren,   Fla. 

On  Jan.  13,  one  of  tiie  two  boilers  in  the  plant  of  the 
McMillan  Lumber  Co..  Pine  Barren,  Fla.,  exploded,  kill- 
ing the  engineer  and  seriously  injuring  the  fireman  and 
three  other  persons. 

The  boilers  were  of  the  horizontal  return-tubular  type, 
connected  to  a  common  header  and  had  only  one  pop- 
safetj'  valve  to  serve  both  boilers.  They  were  operated 
at  100  lb.  pressure  and  supplied  steam  for  a  planing  mill 
and  dry  kilns. 

According  to  our  correspondent,  the  explosion  was  duo 
to  low  water;  both  boilers  were  fed  with  injectors  only. 
The  boilers  had  been  in  service  about  nine  years.  Some 
of  the  tubes  were  coated  with  scale  and  others  sliowed 
evidence  of  pitting. 

The  boiler  that  exploded,  burst  at  the  crown-sheet, 
tearing  the  plate  for  nearly  half  the  circumference  of 
tlie  .shell.  The  boiler  seems  to  have  been  given  a  roll- 
ing motion  around  its  longitudinal  axis  when  it  ex- 
ploded, as  circumstances  indicated  that  the  dome  of  this 
boiler  struck  the  other  with  such  force  as  to  move  it 
about  3.0  ft.  from  its  setting. 

Both  heads  were  sevcjpd  from  the  shell  and  seventeen 
of  the  sixty-four  tubes  remained  in  the  heads.  There  was 
very  little  shearing  of  the  rivets,  the  plates  tearing  away 
at  the  joints. 

The  engineer,  who  was  in  the  boiler  room  at  the  time 
of  the  explosion,  was  found  covered  with  debris;  he  died 
an  hour  later.  The  fireman  was  found  pinned  under 
the  smoke-stack. 


St.  Louis  Engineers  Incitation  Club 

On  Jan.  25,  at  the  Noid-West  Turn  and  Liederkranz  HaU. 
the  Engineers  Incitation  Club,  composed  of  St.  Louis  sta- 
tionary engineers,  gave  a  very  successful  masquerade  and 
theatrical  ball.  The  proceeds  will  be  used  to  prepare  inform- 
ation for  those   interested   in    the   work   of   the   isolated   plant. 

The  proposition  is  a  vital  one  at  the  present  time,  says 
the  St.  Louis  "Star,"  because  of  the  nearing  to  completion  of 
the  Keokuk  dam,  which  is  to  generate  the  power  transmitted 
to  St.  Louis  to  supply  factories  and  other  places  where  elec- 
tricity is  used.  The  central  station  electric  power  plants 
have  been  making  inroads  ait  the  privately  owned  or  isolated 
steam  and  power  plants,  in  the  office  and  commercial  build- 
ings in  St.  Louis. 

Many  of  the  isolated  plants  have  been  closed,  and  current 
for  power  and  light  has  been  contracted  for  from  central 
stations.  The  entrance  of  current  from  the  Keokuk  dam  is 
expected  to  further  encroach  upon  the  work  of  the  isolated 
or  privately  operated  light,   heat  and  power  plant. 

Members  of  the  Engineers'  Incitation  Club  combat  the 
contentions  of  the  public  service  corporations  that  they  can 
furnish  service  and  power  cheaper  than  the  commercial  or 
office  building  plant,  and  it  was  to  incite  something  better 
that  the  stationary  engineers  formed  the  club.  During  the 
last    year    the    club    completed    several    tests     under    varying 


conditions  of  service  to  arrive  at  the  cost  of  isolated  plant 
service  with  competent  engineers  and  service  rendered  by 
central   stations. 

The  Incitation  Club  claims  that  the  isolated  plant  in  the 
hands  of  a  competent  engineer  can  be  operated  more  eco- 
nomically, give  better  service  and  always  have  help  at  hand 
for  any  incidental  mechanical  service.  Current  from  central- 
station  plants  for  light  or  power  is  one  charge;  heat  and  hot 
water  service  is  a  second  and  extra  charge,  and  any  mainten- 
ance or  extra  mechanical  work  must  be  done  by  outside  high- 
priced  mechanics.  That  engineers  may  ascertain  the  exact  cost 
of  the  light,  heat  and  power  as  "well  as  the  service  rendered, 
the  club  has  prepared  a  record  book,  covering  the  year  1913. 
which  w^ill  enable  the  engineer  to  keep  a  record  of  the  ser- 
vice rendered  b'y  the  plant,  as  wall  as  the  cost  of  every  item 
entering  into  the  production  of  the  light,  heat  or  power. 
These  books  were  given  to  the  men  who  attended  the  ball 
and   free   copies  may  be  had   of  the   members. 


Electrical  Baths  for  Edison   Employees 

Electric.ll  baths  will  be  one  of  the  features  of  tlie  new 
clubhouse  of  tlie  Association  of  Employees  of  the  New  York 
Edison  Co.,  which  opened  Feb.  4,  at  113  East  Twelfth  St.. 
New  York  City.  All  of  the  3000  members  of  the  association 
may  now  avail  themselves  of  the  benefits  of  electric  bathing, 
along  with  the  other  privileges  which  the  new  clubhouse 
offers,  such  as  bowling  alleys,  a  music  room,  pool  and  billiard 
rooms,    and    a    library    of    ISOO    volumes. 

William  T.  Dempsey.  who  has  charge  of  all  of  New  York 
City's  electric  street  lighting,  is  president  of  the  association, 
which  has  as  its  chief  objects,  welfare  and  educational  work. 
Its  members  may  avail  themselves  of  a  four-year  course  of 
instruction  in  electrical  engineering  under  competent  teach- 
ers without  any  cost  to  themselves,  a  thoroughly  equipped 
laboratory  being  maintained  for  this  purpose.  Owing  to  its 
complete  and  unusual  electrical  equipment,  this  new  club- 
house  might    almost    be    called    the   electrical    clubhouse. 


vS  O  C  I  E  T  Y     NOTES 


The  fourth  concert,  banquet  and  dance  of  the  combined 
associations  of  the  N.  A.  S.  E..  of  Philadelphia,  Penn.,  was 
held  at  Lulu  Temple,  Thursday  evening,  Jan.  30.  The  com- 
bination comprised  Quaker  City  No.  1.  Tacoma  No.  9,  Mer- 
rick  No.    12    and    Northeast   No.    20. 

There  were  upward  of  six  hundred  persons  present,  among  ■ 
them  being  many  prominent  engineers  and  representatives  of 
supply  houses.  From  7:30  to  S  o'clock  there  "was  an  organ 
recital  followed  by  an  entertaining  vaudeville  performance,  at 
the  conclusion  of  which  the  company  adjourned  to  the  ban- 
quet hall,  where  an  appetizing  dinner  was  served.  Dancing 
concluded    the    evening's    enjoyment. 

A  lecture  and  demonstration  on  smoke-recording,  flue- 
gas  analyzing  and  soot  cleaning  was  given  on  Thursday 
evening,  Jan.  16,  at  Masonic  Temple  Building,  under  the 
auspices  of  the  Decatur  Association,  N.  A.  S.  E.,  at  Decatur. 
111.  F.  A.  Moreland,  of  the  G.  L.  Simmons  Co.,  Chicago,  as- 
sisted   by    Anson    Gale,    delivered    the    lecture. 


PERSONALS 


Richard  S.  Buck  has  retired  from  the  firm  of  Sanderson  & 
Porter  to  accept  the  position  of  chief  engineer  of  tlie  Do- 
minion Bridge  Co.,  Canada.  Seton  Porter  has  been  made  a 
partner    in    the    first-named    company. 

E.  T.  Adams,  former  manager  and  chief  engineer  of  the 
gas  and  mill  engine  department  of  the  Allis-Chalmers  Co.. 
Milwaukee,  Wis.,,  and  recently  president  of  the  Wisconsin 
Engine  Co.,  Milwaukee,  has  been  appointed  chief  engineer  of 
the    Rumeley    Co.,    La    Porte,    Ind. 


Where  mine  power  plants  are  located  near  or  over  the 
mine  itself  an  easy  and  economical  method  of  disposing  of  the 
ash  is  to  arrange  a  tunnel  under  the  fire  boxes,  with  a  slope 
of  not  less  than  %  in.  to  the  foot.  Connect  this  with  a  bore- 
hole and  wash  the  ashes  down  the  latter,  with  mine  water, 
where  they  may  be  used  for  flushing  abandoned  workings  if 
desired. — "Coal  Age." 
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Hank  Armstrong,  Engineer(?) 


By  11.  T.   Stkohji 


They  built  a  sawmill,  some  years  back, 
Acrost  the  way  from  Hackensack; 
An'  when  they  sought  an  engineer, 
Hank  Armstrong  thought  he'd  volunteer 
Sez  he,  "I've  ran  a 

mow'n  machine 
An'  grindstone  sence 

I  was  thirteen, 
An'    sulky   plow  an' 

corn  drill,  too." 
They  said  they  kinder 

guessed  he'd  do. 

He  filled  that   b'iler 

full's  a  tick 
With  water  hauled 

from  Slocum's  Creek ; 
An'  then  he  took  that 

firebox 
An'  chucked  it  full  of 

hemlock   blocks. 
He  throwed  in  coal  oil 

by  the  cup, 
An'  lit  a  match  to  start  'cr  up. 
The  flame  shot  out  as  he  looked  in 
An'  singed  the  whiskers  off  his  chin. 

That  Uiingumbob  that  stands  on  toj) 
Jumped  ()])en  with  an  orful  ])op, 
An'  steam  come  shootin'  in  a  cloud 
Till  Hank  he  said  he  kinder  'lowed 
Tlie  thing  was  makin'  such  a  noise 
That  it  might  rile  the  other  boys. 
An'  so  he  twisted  down  the  nut 
Ontil  the  j)esky  thing  stayed  shut. 


/S  THIS  YOUR  IDEA    O/^  AN  ENGINEER? 


We  never  thought  Hank  knowed  so  much 
'Bout  b'ilers,  injines,  belts  an'  such. 
Why,  if  a  bearin'  box  got  hot, 
He'd  just  splash  water  on  the  spot 

Ontil    the    place    got 

cool,  an'  then 
He'd  start  the  whole 

shebang  again. 
Or  if  a  belt  got  slack 

an'  slipped, 
He'd     smear    on    tar 
ontil  she  gripped. 

Hank    said    he   never 

worked  by  rule, 
'Cause    any    sort    of 

goldarned    fool 
Could  use  horse  sense 

an'  mend  a  ])iece 
With  monkey-wrench 

an"  elbow  grease. 
Onct  when  the  guvner 
shaft  got  bent, 
He  grabbed  his  monkey-wrench  an'  went 
An'  hit  the  dingus  one  good  smack 
Acrost  the  side  an'  bent  it  back 

An'  regular,  twelve  times  a  week. 

The  b'iler  jints  'ud  spring  a  leak. 

Then  Hank  'ud  jumj)  up  off  his  bench 

An'  grab  that  doggone  monkey  wrench, 

An'  go  an'  hannuer  every  seam 

Till  it  would  quit  its  spittin'  steam 

An'  when  we  ast  him,  "Won't  it  l)ust?" 

Hank  griimed  an'  said,  "In  (jod  we  trust." 
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Deerfield    River   Hydro-Electric    Development 


I-!y    W'AliliKX   ().   RooKits 


SYXOPSIS — .4  five-inilUon-doUar  hydro-electric  de- 
velopment of  Xew  England.  The  generating  slalions, 
storage  reservoirfi,  dams  and  tunnels  are  described. 

When  Jonathan  Catlin  and  James  R_yder  settled  in 
what  is  now  Shelburne  Falls,  Mass.,  some  time  between 
1752  and  1756,  and  while  treacherous  Indians  were  roam- 
ing the  forests  and  paddling  their  canoes  npon  the 
waters  of  what  is  now  known  as  the  Deerfield  River, 
hydro-electric  developments  were  unknown  and  un- 
dreamed of.  The  first  water  power  of  the  town  is  said 
to  have  been  developed  by  three  men,  David  Fisk,  Squire 
Barnard  and  an  unknown,  who  operated  a  small  grist 
and  sawmill.  This  mill  was  doubtless  located  below  tlie 
natural  fall  for  which  the  town  is  named.  The  falls  are 
cf  natural  rock  formation,  as  indicated  by  Fig.  1,  which 
is  a  view  of  them  as  they  appear  at  present. 

Although  the  waters  of  the  Deerfield  River  have  turned 
the  wheels  of  many  industries,  the  development  was  along 
similar  lines  until  a  small  hydro-electric  station  and  dam 
v.-as  put  m  by  the  Greenfield  Electric  Light  &  Power  Co. 
m  1904,  at  a  point  about  one  mile  south  of  Shelburne 
Falls.  The  dam  at  this  development  is  of  modern  con- 
ctrete  construction  and  the  water  is  conveyed  to  the  power 
house  through  a  canal.  The  plant  has  a  capacity  of  1300 
hp.,  and  is  operated  in  connection  with  the  steam  ]dant 
of  the  company  at  Greenfield,  Mass. 


three  Jiear  Shelburne  Falls,  and  the  other  about  three 
miles  north  of  Hoosac  Tunnel,  Mass.,  the  railroad  sta- 
tion on  the  Boston  &  Maine  R.R.  ]iear  the  east  entrance 
of  the  tvmnel. 

If  one  were,  to  view  the  Deerfield  River  in  July  or 
August,  the  conclusion  would  be  reached  that  it  was  a 
most  undesirable  stream  for  hydro-power-plant  develop- 
ment, as  the  water  supply  would  appear  altogether  in- 
sufficient to  make  such  a  proposition  a  paying  invest- 
ment.    This  river  is  the  principal  tributary  of  the  Con- 
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Fig.  2.   Sectiox  through  Reservoir  Dam 

iiecticut  River  and  rises  in  the  southwestern  part  of  Yer- 
niout.  If  a  map  of  Vermont  and  Massachusetts  were  ex- 
amined it  would  be  seen  that  the  river  has  no  particular 
source,  but  is  formed  by  a  number  of  small  streams  which 
drain  a  large  area  of  southern  Vermont,  about  250  square 
miles.  The  only  outlet  of  the  river  is  through  a  narrow 
\alley  which  runs  south.  The  Deerfield  River  proper 
lises  in  the  town  of  Stratton,  Vt.,  and  flows  south,  in- 


FiG.  1.    Xew  Dam  at  Shelburne  Falls, 
Mass. 

However,  the  most  interesting  development  from  eco- 
nomic, hydraulic  and  electrical  standpoints  on  the  Deer- 
field River  is  that  which  has  practically  reached  com- 
pletion at  or  near  Shelburne  Falls.  The  company  re- 
sponsible for  this  work  is  the  New  England  Power  Co. 
The  general  contract  for  all  of  the  work  on  the  river  is 
held  by  the  Power  Construction  Co.,  whose  headquarters 
are.  at  Shelburne  Falls.  This  company  has  done  the 
engineering  work  for  all  the  work  on  the  river  and  has 
built  with  its  own  forces  the  storage  dam  and  reservoir 
in  the  upper  valley  and  all  but  one  of  the  transmission 
lines.  The  four  power  plants  have  been  built  by  sub- 
contractors under  the  supervision  and  direction  of  the 
Power  Con.struction  Co. 

At  present  there  are  four  developments  ou  the  river; 


Fig. 


Power  House,  Dam  and  Sluice  Gates, 
No.  2  Development 


creasing  in  volume  at  East  Branch  Brook  at  Searsburg. 
This  brook  rises  in  the  town  of  Somerset,  Vt.,  and  near 
its  head  waters  at  Peck's  mill  the  first  reservoir  is  being 
built.  At  Wilmington,  Vt.,  the  river  is  again  augmented 
by  the  waters  of  the  North  Branch,  and  thence  winds 
its  way  southwest  until  it  crosses  the  Massachusetts 
boundary  line ;  it  then  flows  south  throu.g'h  a  narrow  val- 
ley. 

The  hills  on  either  side  have  an  elevation  of  from  800 
to  2000  ft.  above  the  sea  level.  In  this  narrow  valley  at 
a  point  midway  between  Munroe  Bridge  and  Hoosac  Tun- 
nel, No.  5  development  is  being  constructed.  At  the 
east  side  of  the  Hoosac  Mountain  the  river  runs  southeast 
Ihrough  a  mountainous  valley  until  it  nears  Charlemnni. 
where  the  valley  broadens  out  and  the  turbulent  water 
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tlieme  tlows  placidly  to  withiu  two  mile>:  of  Slielburne 
Palls,  where  the  river  again  flows  through  a  narrow  val- 
ley. At  this  point  the  river  makes  a  sharp  turn  around 
a  hill  about  600  ft.  above  the  sea  level  and  flows  north 
through  a  deep  ravine  and  then  bends  to  the  east  and 
again  to  the  south,  receiving  at  this  latter  bend  the 
water  of  the  Xorth  River,  which  also  rises  in  A'ermont 
and  drains  an  area  of  about  100  square  miles,  making 
a  total  watershed  of  approximately  520  square  miles.  It 
is  at  this  horseshoe  bend  in  the  river  that  Xo.  -1  develop- 
ment has  l)een  built.  From  the  mouth  of  the  Xorth 
River  llic  flow   is  ahnost   due  south  thi'ough   Shelburne 


stipply  for  the  power  plants,  the  deficiency  is  taken  care 
of  by  the  Somerset  reservoir. 

Somerset  Reservoir 

During  the  winter  and  spring  the  Deerfield  River  is 
frequently  changed  from  the  inconsequential  aiipearing 
stream  of  the  summer  to  a  roaring,  raging  torrent.  This 
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Fails,  where  the  river  makes  an  abru]M   jdunge  over  the 
falls  to  which  reference  has  already  been  inade. 

From  the  falls  the  river  flows  southeast,  the  valley  con- 
liiiues  to  be  steep  for  about  10  miles,  through  which  sec- 
tion  a   large   number   of   ])owcr   plants   may   l)c   built   as 


Fig.  5.    Forebat  of  Xo.  3  Poavei;  Plant 

water  would  flow  over  the  dams  witliout  doing  work  if 
no  provision  were  made  to  store  it  for  use  during  the 
time  that  the  supply  of  water  from  the  drainage  area 
was  not  sufficient  to  carry  the  maximum  load  of  the 
])ower  plants. 

Therefore,  the  Power  Construction  Co.  is  building  an 
immense  storage  reservoir  at  Somerset,  Vt.,  near  the 
source  of  the  water  supply,  in  which  to  store  the  surplus 
water  in  the  winter  and  spring  to  be  released  during  the 
time  of  low  water.  It  will  be  seen  how  necessary  this 
provision  is,  when  it  is  uijdorstood  that  the  monthly  av- 
erage discharge  of  water  at  Shelburne  Falls  ranges  from 
380  sec.-ft.  to  2000  sec.-ft.  in  an  average  year  and  maxi- 
mum and  minimum  flows  have  possibly  reached  50,000 
and  20  sec.-ft.  respectively.     Water  from  the  east  branch 


closely  as  the  back  water  level  of  each  will  permit.  It  is 
ill  this  section  that  Xos.  2  and  3  ])lants  have  been  luiih 
and  where  Xo.  1,  not  yet  begun,  will  be  situated. 

.\ltbough   the  flow   of   wafer  during  the  dry  summer 
1]  iiiiijis  would  not  be  sufficient  to  provide  a  maximum 


Fig.  (i.   .Skction  THKofGH  Xo.  :)  Plant  and  I'kx.stocks 

TO    FoitKHAV 

llic  Dccrlicid  River  will  be  collected  in  lliis  reservoir 
and  it  is  estimated  that  il  will  provide  sutlicient  water  for 
the  reserve  su])ply. 

To  form  the  reservoir  a  dam  is  being  built  across  the 
east  branch  of  tlie  Deerfield  River.  It  will  be  2110  ft. 
long,  and  110  ft.  high  at  the  highest  point.  The  base 
will  be  600  ft.  wide  at  the  maximum  section  and  the 
Hat  top  20  ft.  wide.  The  down-stream  side  of  the  dam 
will  have  a  slope  of  2.5  to  1,  the  np-streani  being  3  to  1. 
The  dam  will  be  riprapped  on  l)ot]i  slopes.    The  reservoir 
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will  liave  an  area  of  about  three  square  miles  and  ^rill 
have  an  available  storage  capacity  of  approximately  2,- 
500,000.000  cu.ft.  with  the  water  at  the  level  of  the  spill- 
way. The  use  of  low  flashboards  on  the  spillway  will  in- 
crease the  capacity  of  the  reservoir  by  about  300,000,000 
.u.ft. 

The  sluiceway  and  gates  controlliug  the,  amount  of 
water  to  be  let  do^vn  the  stream  during  the  dry  sea- 
sou,  will  be  near  the  east  end  of  the  dam.  The  discharge 
tunnel  is  521  ft.  long,  in  a  trench  cut  in  solid  rock, 
concrete-lined  and  made  in  the  shape  of  an  inverted  horse- 
shoe, 111/2  ft.  high  and  13  ft.  wide.  It  will  carry  two  4- 
ft.  delivery  pipes  through  which  the  water  will  be  dis- 


the  dam  and  very  close  to  it.  Water  will  be  delivered  to 
the  three  waterwhesls  through  three  11-ft.  steel  pen- 
stocks. The  dam  has  a  maximum  height  of  90  ft.,  is 
■150  ft.  long  and  has  a  spillway  276  ft.  long.  The  ba.se 
of  the  dam  is  75  ft.  ttiick  and  the  top  10  ft.  6  in.  wide. 
The  spillway  is  of  an  ogee  shape  and  extends  from  the 
headworks  back  of  the  power  house,  which  headworks 
are  16  ft.  higher  than  the  dam  proper  to  the  east  side 
of  the  river. 

Short  penstocks,  connecting  from  ilie  up-stream  side 
of  the  dam  with  the  waterwheels,  have  screens  and  gates. 
The  dam  has  sluice  gates,  shown  in  Fig.  3,  which  facili- 
tate the  discharge  of  water.    As  shown,  this  station  is  at 


Fig. 


Plan  of  No.  3  Pla.vt  and  Pkxstock  Connections  to  the    Foeebat 


charged  from  the  reservoir.  In  Fig.  2  is  shown  a  cross- 
section   of  the  earth  dam. 

A  second  storage  reservoir,  of  about  1,500,000,000  cu.ft. 
capacity,  will  be  built  near  the  Massachusetts  boundary 
line  in  Vermont  and  will  be  operated  in  series  with  the 
Somerset  reservoir. 

The  Somerset  dam  will  have  a  spillway  about  200  ft. 
long,  cut  in  the  rock,  and  will  provide  an  outlet  for  the 
reservoir  ia  times  of  high  water.  It  will  be  some  time 
before  this  system  of  reservoirs  will  be  in  operation. 
Although  the  reservoirs  and  source  of  water  supply  are 
north  of  the  power  stations,  the  developments  are  num- 
bered up  stream.  Thus,  No.  1  power  house  and  dam  has 
not  been  commenced,  while  a  few  miles  up  the  river  from 
its  probable  site,  No.  2  plant  and  dam  is  practically  com- 
pleted. A  .view  of  this  work  is  shown  in  Fig.  3.  Inas- 
miicli  as  all  of  the  generating  stations  are  designed  prac- 
tically along  the  same  lines,  a  later  description  of  No.  4 
(icvelopment  will  answer  for  all  three  developments  now 
cimipleted.  No.  5  jilant  is  not  completed  and  will  contain 
•  I'lTfrently  designed  generators. 

No.  2  Development 

This  tustallation  is  about  three  miles  below  Shelburue 
Falls.     The  power  house  is  built  below  the  west  end  of 


the  bottom  of  a  gorge  formed  by  high  hills  on  either 
side.  The  available  normal  head  is  about  58  ft.  Fig. 
4  is  a  cros.s-section  through  the  plant  and  dam. 

No.  3  Development 

Station  No.  3  is  a  short  distance  below  the  dam  shown 
in  Fig.  1.  It  is  supplied  with  water  from  the  storage 
supply  above  the  dam  by  a  conduit,  canal  and  penstock. 
The  new  concrete  dam  has  been  built  just  downstream 
from  the  old  timber  crib  dam,  and  is  now  475  ft.  long  and 
15  ft.  high  in  maximum  section.  The  intake  delivers 
water  to  a  reinforced-concrete  conduit  12  ft.  6  in.  by  17 
ft.  and  600  ft.  long,  which  runs  under  a  manufacturing 
establishment  at  the  west  end  of  the  dam.  The  discharge 
is  into  a  canal  920  ft.  long,  which  terminates  in  a  fore- 
bay,  a  part  of  which  is  shown  in  Fig.  5.  The  gates  and 
concrete  headworks. are  also  shown  The  gates  control  the 
water  supplies  to  the  three  waterwheels  through  three 
10-ft.  penstocks,  as  shown  in  Fig.  6,  which  also  shows  a 
section  through  the  plant.  The  Penstocks  are  each  160 
ft.  long  and  deliver  water  to  the  waterwheels  at  a  norma! 
head  of  about  64  ft.  A  plan  view  of  the  entire  plant, 
penstocks  and  part  of  the  forebay  is  shown  in  Fig.  7. 

A  view  of  No.  3  station  from  the  top  of  the  foreba_\' 
is  given  in  Fig.  8.     Unlike  Nos.  2  and  4,  it  is  but  one 
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story  high  for  a  part  of  its  length  and  two  stories  for 
tJie  remainder.  The  second  story  contains  the  oil  switches, 
storage  batteries  and  transformers.  It  will  be  noticed 
from  Figs.  4,  6  and  8  that  the  casings  of  the  water- 
v.'heels  are  placed  outside  of  the  buidlings ;  the  same  con- 
ditions obtain  at  plants  Xos.  2  and  4. 

No.  -4  Plant 

This  installation  is  about  11/4  miles  above  Shelburue 
Falls.    The  power  house  is  on  the  west  side  of  the  river 


yond,  and  below  the  level  of  the  forebay.  This  building 
differs  from  the  Xo.  3  building,  in  that  it  is  two  stories 
high  throughout,  and  the  switches  and  transformers  oc- 
cupy the  entire  upper  floor. 

This  station  is  perhaps  the  most  interesting  on  accoimt 
of  the  tunnel  work.  The  concrete-lined  tunnel  is  in  tlie 
form  of  a  horseshoe  and  has  an  area  equal  to  a  circle  13 
ft.  in  diameter.  It  is  built  with  its  highest  point  in  the 
middle  to  facilitate  drainage  during  construction.  The 
tunnel  extends  from  just  above  the  dam  to  the  forebay 


Fig.   8.    Pexstoc'Ks  of  Xo.  3   Power  Plant 

and  at  the  foot  of  a'  high  hill.  Owing  to  the  topo- 
graphical conditions  at  this  point  the  dam  was  built  on 
the  other  side  of  the  hill  around  which  the  river  winds. 
The  dam  is  240  ft.  long  at  the  crest  and  is  built  at  an 
angle  with  the  river  to  obtain  a  greater  spillway  to  take 
care  of  high  water  in  times  of  freshets.  It  is  anchored  on 
solid  rock  bed,  and  is  44  ft.  high  in  maximum  section 
and  10  ft.  6  in.  wide  at  the  top.  At  one  end  of  the  dam 
are  three  surface  sluices,  each  10  ft.  wide,  wliile  at  the 


Fig.  !t.    Fiii;i:i;ay  of  Xo.  4  DEVELorMEXT 

on  the  east  side  of  the  hill,  the  tunnel  intake  is  con- 
trolled by  a  steel  gate  weighing  about  34,000  lb.,  op- 
erated by  a  1.5-hp.  motor.  The  three  penstocks  are  each 
10  ft.  in  diameter  and  of  riveted  steel,  varying  in  tliick- 
ness  from  1/4  ^^-  ^^  ^'^e  top  ends  to  j%  in.  at  the  bottom. 
The  turbines  discharge  through  draft  tubes  into  a  tail- 
race  which  discharges  directly  into  the  river,  as  shown 
in  Figs.  4  and  6. 

Work  on  the  tunnel  was  started  in  December,  1911, 


■ji^^m 


Fig.    10.    Tunnel   Intake   I'kacti- 
CALLY  Completed 


Fig.   11.    TrxNEL  Outlet 
Concrete  Work 


12.     TUNXKL   OlTLKT    l''OD   FORE- 

]!ay  Under  Construction 


other  em!  is  a  submerged  sluice  6.\8  ft.  controlled  by  a 
heavy  cast-iron  gate. 

Although  the  river  flows  north,  east  and  .south  in  get- 
ting past  the  hill  under  which  the  power  house  is  lo- 
cated, the  tunnel  from  the  dam  intake  to  the  forebay 
:s  made  in  a  straight  line  and  is  1518  ft.  long,  the  power 
house  being  directly  oi)posite  the  first  bend  in  the  river, 
Init  on  the  opposite  side  of  the  hill. 

Like  those  at  the  other  stations,  each  penstock  has  two 
gates,  each  7x12  ft.  in  size.  Fig.  9  gives  a  view  of  tlie 
forebay  and  liead  gates.     The  power  house  is  shown  be- 


and  five  months  later  the  hole  through  the  hill  was  made. 
The  amount  of  rock  excavated  is  estimated  to  have  been 
12,000  cu.ft.  With  the  exception  of  about  120  ft.,  the 
bore  is  through  solid  granite.  In  Figs.  10  and  11  is 
shown  the  concTete  work  at  the  inlet  and  outlet  of  the 
tunnel.  Some  idea  of  the  amount  of  work  necessary  to 
make  the  forebay  can  be  gathered  from  Fig.  12.  The  fore- 
bay  is  about  200x22.5  ft.  at  the  top  and  50x75  ft.  at  the 
bottom,  and  is  33  ft.  deep.  The  basin  is  of  earth  with 
riprap  lining,  and  will  impound  approximately  2,000,000 
gal.  of  water. 
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EQUirMEXT  OF  POWKR  PlaXTS 

As  already  stated  the  equipment  of  the  tliree  stations 
is  practically  identical,  both  hydraulically  and  electrical- 
ly. Each  of  the  three  stations  at  Shelburne  Falls  con- 
tains three  2000-kv.-a.,  2300-volt,  three-phase,  60-cycle 
General  Electric  generators,  each  directly  connected  by  a 
horizontal  shaft  to  a  3200-hp.  double  runner,  central  dis- 
charge Wellman-Seaver-Morgan  turbine,  running  at  257 
r.p.m.  The  speed  of  each  unit  is  governed  by  a  Lom- 
bard special  horizontal  governor,  directly  connected  to 
the  turbine-gate  shaft,  and  belt-driven  from  the  generator 
shaft.     All  governors  have  a  30,000-ft.-lb.  rating.     The 


a  4-in.  pipe,  by  operating  a  quick-opening  valve.     Fig. 
J  5  shows  a  view  of  the  transformers  and  oil  switches. 

On  the  opposite  side  of  the  generating  room,  midway 
of  the  building  is  a  10-panel  operating  switchboard.  Jt 
controls  the  three  generators,  two  exciter  units,  two  3000- 
kv.-a.  transformers  and  the  outgoing  66,000-volt  lines  of 
which  there  are  two  from  Xo.  3  station  and  four  from 
Nos.  2  and  4.  Each  station  has  a  storage-battery  system 
for  controlling  the  oil  switches. 

Transmission  Lines 
In  Figs.  6,  8  and  !'  may  be  seen  how  the  high-tension 


Fig.    13.    (iiCNKiiAXoi; 


Fk;.   14.    Si'KciAL  Dk.sk 


governors  operate  under  oil  pressure  supplied  by  a  4xG- 
in.  triplex,  plunger  pump.  The  generators  are  installed 
along  one  side  of  the  generator  room,  as  shown  in  Fig. 
13.  The  governors  are  placed  between  the  generators 
and  the  inside  end  of  the  turbine  casing,  which  extends 
slightly  into  the  generating  room.  Fig.  14  shows  this 
feature. 

Each  plant  has  two  exciter  units,  but  none  is  driven 
bj^  an  individual  waterwheel.  Each  unit  consists  of  a 
150-hp.,  2300-volt  iudviction  motor  driving,  a  General 
Electric  100-kw.,  125-volt  generator.  The  reason  for  de- 
pending upon  motor-driven  exciters  is  because  each  sta- 
tion is  tied  to  the  others  and  also  to  the  Vernon,  Vt., 
power  plant,  described  in  the  Sept.  28,  1909,  issue  of 
PowEK.  There  will  doubtless  never  be  a  time  when  elec- 
trical energy  will  not  be  available  to  operate  the  induc- 
tion motors. 

TeANSFORJIERS  AND   OiL  SWITCHES 

There  are  three  300-kv.-amp.  water-cooled,  oil-insulated 
transformers  in  each  station,  transforming  from  2300  to 
69,000  volts,  placed  on  the  second  floor  of  the  station 
The  oil  switches,  of  the  remote  control  type,  have  a  ratiiii; 
cf  150  amp.  per  terminal  at  70,000  volts,  and  are  con- 
nected overhead  through  the  69,000-volt  buses  to  the 
transformers,   occupying  the  second  floor. 

All  the  transformers  rest  upon  rails  leading  to  an  open- 
ing in  the  floor  at  one  side  and  midway  of  the  building, 
which  permit  of  lowering  a  transformer  to  the  floor  be- 
low by  a  30-ton  chain-block  hoist,  where  it  can  be 
handled  by  a  hand-operated  traveling  crane. 

Cooling  water  for  the  transformers  is  supplied  by  direct 
connection  to  the  penstocks.  In  an  emergency  the  oil  in 
the  transformers  can  be  discharged  into  the  river  through 


wires  are  suspended  on  the  station  roof.  All  lines  are 
dead-ended  on  strain  insulators  fastened  to  the  station 
vi'all.  From  these  taps  are  carried  to  insulators  sup- 
ported on  a  steel  framework.  The  lines  are  spaced  hori- 
zontally, about  8  ft.  apart,  and  are  carried  15  ft.  above 
the  roof. 

All    transmission    lines    now    under   construction    com- 


FiG.  15.  Transfou-aier  and  Oh.  fSwiit  hes,  Xo.  4  Plant 

prise  two  three-phase  circuits  of  Xos.  1  or  2/0  cable.  One 
line  rvms  from  a  junction  point  opposite  Xo.  4  station 
to  the  Vernon  station  on  the  Connecticut  Eiver,  a  dis- 
tance of  16  miles.  Another  double-circuit  line  of  Xo.  1 
copper  cable  extends  15  miles  from  the  Xo.  4  station  to 
Xo.  5  station,  which  will  be  described  later.  There  is 
also  a  two-line  double  circiiit  extending  from  the  junc- 
tion point  at  Xo.  4  station  down  the  river  to  Xo.  2  sta- 
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tion  with  a  i/^-mile  tap  to  l^o.  3  station.  From  station 
Xo.  2  a  double-circuit  line  of  Xo.  00  cable  extends  60 
miles  to  Milbury,  Mass.,  and  a  tie  line  runs  from  the 
latter  point  to  the  Greendale  substation,  l-t  miles  away, 
and  a  .short  distance  outside  of  Worcester,  Mass.  There 
are  also  the  double  three-phase  lines  of  the  Connecticut 
Transmission  Co.,  extending  from  Vernon,  Vt.,  to  Wor- 
cester, Mass.,  with  several  branches.  Fig.  16  is  a  map 
showing  the  existing  circuits  in  dark  lines  and  the  pro- 
posed circuits  in  dotted  lines. 

iSo.  5  Station 

Development  Xo.  5,  which  will  operate  in  connection 
with  the  same  series  of  power  plants,  is  not  completed. 
The  station  is  a  brick  building,  like  the  other  power  sta- 
tions, and  is  about  three  miles  from  the  Hoosac  Tunnel 
station  of  the  Boston  &  Maine  R.R.  It  is  reached  by  the 
Wilmington  &  Hoo.sac  R.R.  or  by  tra'/elirig  over  a  wind- 
ing road  which  follows  the  Deerfield  River.  The  initial 
equipment  of  the  station  will  include  three  3000-kv.-a. 
transformers  which  will  reduce  the  potential  from  66,000 


Fit;.  10.    Showing  Existing  .\nd  Pnopo.su'n  Electrical 
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volts  to  2300,  three  150-kw.  exciter  units,  switching  ap- 
paratus, lightning  arresters  and  three  frequency  changers. 
each  consisting  of  a  4250-kv.-a.,  three-phase,  60-cycle, 
i:300-volt  generator  directly  connmted  to  a  4000-kv.-a., 
three-pha.se,  2o-cycle,  11,000-volt  alternator  or  approxi- 
mately 3000  kv.-a.,  single-phase.  These  60-cyclc  gen- 
erators will  operate  as  synchronous  motors  to  drive  the 
1100-volt  generators  which  will  supply  power  to  ojK-rate 
the  electric  locomotives  through  the  Hoosac  Tunnel. 
These  are  at  present  operated  from  the  Zyloiiite  steam- 
power  plant  described  in  Powi:?!.  July  4,  lilll.  When 
the  watorwheel-driven  generators  are  installed,  of  whicli 
there  will  be  three,  these  two  machines  can  be  run  as 
generators.  This  arrangement  will  also  give  a  flexible 
interconnection  between  the  systems  and  will  permit  of 
the  Zylonite  plant  feeding  back  into  the  hydro-electric 
system  in  ca.«e  of  water  shortage. 

The  waterwheels  to  be  in.stalled  will  be  of  600(1  hp. 
capacity  and  will  be  directly  connected  to  the  frequency 
changer  .sets  above  described,  generating  either  single-  or 
three-phase  energy.  The  machines  will  l)c  able  to  op- 
erate in  parallel  with  those  of  the  Zylonite  plant  in  either 
hingle-  or  three-phase  service.  To  meet  the  requirements 
of  the  heavy  freight   traffic  through  the  TToosac  Tunnel 


the  25-cyele  machine  in  each  unit  will  be  capable  of  de- 
veloping 4300  kv.-a.  for  20  min.  of  each  hour  at  70  per 
cent,  power  factor.  During  the  remaining  40  min.  of  each 
hour  the  machine  will  be  capable  of  operating  at  a  load  of 
2000  kw.-a.  at  90  per  cent,  power  factor. 

According  to  plans  as  now  formulated  the  water  to  the 
turbines  of  Xo.  5  plant  will  come  to  them  with  a  head 
of  200  ft.  The  dam  will  be  about  21^  miles  above  the 
present  station  and  the  water  will  be  conveyed  to  the  top 
of  the  hill  back  of  the  power  house  through  an  alternate 
canal  and  concrete  conduit,  emptying  into  a  forebay 
from  which  the  water  will  come  to  the  waterwheels 
through  penstocks.  Plans  have  also  been  formulated  to 
some  extent  for  another  and  larger  plant,  when  the  de- 
mand for  electrical  energy  occasions  its  construction. 

Xo.  5  power  house  is  of  brick  and  is  100x100  ft.  and 
60  ft.  high.  Large  windows  afford  the  admission  of 
sufficient  light.  The  concrete  foundation  extends  20  ft. 
below  the  water  line  and  contains  3500  cu.yd.  of  con- 
crete. 

The  developments  above  described  will  cost  $5,000,000. 
The  waters  of  this  very  erratic  river  have  been  made  to 
produce  electrical  energy  to  be  transmitted  to  distant 
cities  and  towns.  In  addition  to  the  power  generated 
by  the  stations  of  the  Xew  England  Power  Co.,  on  the 
T>eerfield  River,  there  is  a  plan  for  additional  water  power 
controlled  by  the  Connecticut  River  Co.,  to  tie  on  to  this 
system  and  form  a  combination  capable  of  generating  an 
ultimate  capacity  of  200.000  hp. 

Moore  Tube  Expanding  Beading  Tool 

Illustrated  herewith  is  a  section  of  a  flue  sheet  and  a 
flue  and  shim  expander.  The  expander  comprises  two 
working  members,  held  together  by  elastic  bands  at  each 
end.  forming  an  elliptical  cylinder.  A  shoulder  is  formed 
for  the  enlargement  inside  the  flue  sheet.  Lugs  are  pro- 
vided to  form  the  beading  curve  and  between  the  lugs 
and  the  shoulder  is  the  expander.  The  inner  surfaces  of 
the  working  members  conform  to  the  shape  of  the  wedge 
which  is  struck  with  a  hammer  to  expand  the  tube.     A 


Tube  Exr.ixDiNc,  .\\d  Be.voixo  Tool 

ratchet  is  provided  for  slowly  rotating  the  device.  The 
operations  of  placing,  rolling  and  beading  the  tube  are 
performed  at  the  same  time  by  the  one  tool. 

It  is  handled  bv  F.  C.  Worth.  .MO  Monadnock  Block. 
Chicago.  III. 


Two  niblf  fpi-t  of  water  falling  6  ft.  win  produce-  1  lip 
of  enerRy  In  the  nio,st  modern  electrical  machinery.  The  total 
dlscharsre  of  the  MIsBlnslppI  River  Into  the  Gulf  of  Mexico 
annually    U    18.40(1,000.000,000    cu.ft. 
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Electrical  Energy   Meter 

Thit:  device  is  designed  to  measure  tlie  euergy  of  steam 
aud  gas  engines.  With  it  all  the  positive  forces  are  add.d, 
the  negative  forces  are  subtracted  therefroin  and  the  net 
active  forces  measured.  This  is  accomplished  by  apply- 
mg  the  excess  pressure  of  one  side  over  that  of  the  other 
side  of  the  piston  of  the  engine,  to  determine  the  voltage 
and  direction  of  a  current  of  electricity  generated  in  a 
magneto  by  the  varying  motion  of  the  piston  in  proportion 
to  the  pressure  and  motion,  which  determines  the  energy 
of  the  engine,  and  thus  measures  the  energy  developed 
by  the  engine. 

In  Fig.  1  is  shown  a  longitudinal  section  of  an  engine 
cylinder  and  a  top  view  of  the  magneto,  also  a  front  view 
of  the  meter  forming  a  part  of  this  device  and  details  of 


the  cylinder  contains  a  shaft  carrying  a  pinion  A  that 
engages  with  a  rack  integral  with  the  piston  and  operated 
by  It. 

The  shaft  projects  from  the  end  of  the  chamber  and 
into  a  hollow  shaft  which  forms  a  part  of  the  magneto. 
Inside  of  the  magneto  pulley  the  outer  end  of  a  spiral 
spring  is  fastened  ;  the  other  end  is  secured  to  one  end 
of  the  bearing.  The  cord,  by  the  movement'  of  the  en- 
gine piston,  rotates  the  magneto  pitUey  and  armature  in 
one  direction,  and  the  spring  rotates  the  armature  in  the 
opposite  direction  to  correspond  with  the  reciprocatory 
motion  of  the  engine  piston  and  crosshead.  While  the 
armature  is  rotating  in  one  direction,  the  pressure  of  the 
steam  against  the  auxiliary  piston  forces  it  forward 
against  the  action  of  the  spring  an  amount  in  projiortion 
to  the  varying  pressure  in  the  cylinder,  thus  rulaliug  the 


Fig.  1.    Details  of  Meter  axd  t'oxxECTioxs 

other  parts  later  referred  to.  Fig.  2  shows  the  device 
attached  to  a  steam-engine  cylinder. 

Referring  to  Fig.  1,  a  stud  is  rigidly  fixed  in  the  cross- 
head  to  which  a  cord  is  attached  leading  to  a  pulley  on 
the  shaft  of  the  magneto. 

To  one  side  of  the  engine  cylinder  an  auxiliary  cylin- 
der is  mounted,  an  enlarged  vertical  section  of  which  is 
shown  in  Fig.  1.  The  ends  of  the  piston  in  this  cylinder 
are  put  in  communication  with  the  corresponding  ends 
of  the  engine  cylinder  by  two  tubes.  The  auxiliary  cyl- 
inder has  a  casing  forming  a  chamber,  in  the  top  of  wliich 
a  spring  is  rigidly  secured  with  its  lower  end  engaging 
in  a  socket  in  the  piston.     The  chamber  in  the  base  of 


Fig.  3.    Meter  Attached  to 

AX    ExGIXE    CyLIXDEE 

pinion  A  in,  say  a  clock-wise  direction.  This 
motion  is  communicated  to  a  movable  brush- 
yoke  on  the  magnet  shifting  the  brushes  away 
from  the  neutral  point  on  the  commutator  in  a 
clock-wise  direction.  As  the  voltage  of  the  mag- 
neto at  any  given  speed  of  the  armature  .is  propor- 
tional to  tlie  displacement  of  the  brushes  from  the  neutral 
points,  and  as  the  voltage  of  a  magneto,  for  any  given  lo- 
cation of  tlie  brushes,  is  in  proportion  to  the  speed  of  its 
armature,  the  voltage  at  any  instant  will  be  in  proportion 
to  the  combined  effect  of  the  location  of  the  brushes  with 
respect  to  the  neutral  points  and  the  speed  of  the  arma- 
ture; these  two  conditions  are  governed  by  the  varying 
steam  pressure  in  the  cylinder  and  the  varying  speed  of 
the  engine  piston  at  the  same  instant.  Therefore,  the 
voltage  will  be  in  direct  proportion  to  the  pressure  and 
motion  which  determine  the  horsepower  of  the  engine. 

Having  completed  this  stroke,  the  engine  piston  starts 
in  the  opposite  direction  and  the  pressure,  introduced  on 
the  opposite  side  of  the  piston,  is  exerted  against  the  op- 
posite side  of  the  auxiliary  piston,  moving  it  in  the  op- 
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posite  direction,  which  motion  is  communicated  to  tlie 
brushes.  The  direction  of  the  armature  rotation  also  hav- 
ing been  changed,  the  current  from  the  magneto  will  be 
in  the  same  direction  as  before. 

Upon  this  return  stroke,  after  cutoif,  when  tlie  piston 
reaches  the  compression  point,  the  compression  pressure 
enters  the  auxiliary  cylinder  at  the  opposite  end  and  re- 
verses the  piston,  'which  moves  the  brushes  to  the  op- 
posite side  of  the  neutral  point  before  the  direction  of  ro- 
tation of  the  armature  is  changed,  and  the  current  from 
the  magneto  will  he  in  the  opposite  direction,  having  the 
effect  of  reversing  the  meter,  which  is  wired  in  circuit 
with  the  magneto.  Compression  is  taken  into  account  be- 
cause it  does  not  represent  active  work,  but  is  negative 
work  and  tends  to  retard  the  engine  speed  at  the  end  of 
each  stroke. 

The  meter,  by  which  the  horsepower-hours  are  regis- 
tered and  the  horsepower  is  indicated,  consists  of  any 
ordinary  form  of  decimal  wheels  (not  shown)  and  a  dial 
plate  which  registers  the  total  horsepower-hours.  The 
meter  is  electrically  connected  to  the  magneto.  The  mag- 
netic field  against  which  the  current  delivered  to  the 
meter  armature  from  the  magneto  acts,  causes  that  arma- 
ture to  rotate  in  the  direction  in  which  the  register  adds 
when  the  current  is  in  one  direction,  and  in  the  direction 
in  which  the  register  subtracts  when  the  current  is  in  the 
opposite  direction.  The  magneto  furnishes  current  in 
one  direction,  when  the  pressure  in  the  auxiliary  cylin- 
der is  doing  work,  and  the  current  will  be  in  the  opposite 
direction  when  the  back  pressure  or  compression  in  the  en- 
gine cylinder  is  greater  than  the  forward  pressure.  There- 
fore, the  net  result  of  all  these  conditions  is  that  the 
meter  will  register  the  work  done  by  the  engine. 

To  directly  indicate  the  horsepower  of  the  engine  there 
is  a  dial  in  the  bottom  of  the  meter  and  a  magnet  B  se- 
cured to  a  lower  shaft,  as  shown  in  the  lower  right-hand 
detail  in  Fig.  1.  An  index  is  secured  to  one  end  of  B  and 
indicates  the  horsepower  develojied  by  the  engine  on  the 
dial.  One  end  of  a  hair  spring  is  secured  to  the  magnet 
B :  the  other  end  is  secured  to  the  bottom  pivot  block. 
This  tends  to  hold  the  magnet  and  the  index  in  a  zero 
position  on  the  dial. 

As  the  upper  meter  shaft  is  rotated  rnnn  lefl  to  right, 
the  forward  direction  of  the  meter,  the  magnetic  torque, 
or  pull,  l)etween  the  magnet  B  and  the  disk  C,  wliich  is 
secured  to  the  shaft,  tends  to  rotate  the  magnet  B  in  the 
same  direction  against  the  action  of  the  hair  spring  ajid 
Ihe  deflection  will  be  in  proportion  to  the  speed  of  the 
disk.  This  is  in  proportion  to  the  i)ower  developed,  and 
causes  the  index  to  indicate  upon  tlic  dial  the  lu)rse])ower 
of  the  engine  at  any  time. 

This  meter  registers  only  tlie  net  or  working  horse- 
power of  the  engine  after  having  subtracted  all  of  the 
negative,  exhaust  or  counter  forces.  The  meter  may  bo 
set  in  tlie  office  of  the  supcrintendiMit  where  it  enn  lie 
consulted  at  any  time. 

This  energy  meter  is  manufactured  by  tlie  Loctseher- 
Uyan  Manufacturing  Co.,  Dubuque,  Iowa. 

The  smallest  dynamo  In  the  world  Is  said  to  be  the  one 
now  on  exhibition  In  France,  writes  a  New  England  engineer 
contributor.  It  Is  smaller  than  an  American  penny  In  diam- 
eter and  weighs  only  one-flfth  of  an  ounce,  is  6  In.  high,  and 
used  as  a  generator  as  well  as  a  motor.  It  consumes  2  amp. 
at  a  pressure  of  26  volts.  The  curious  part  of  the  whole  thing 
is  that  It  Is  accurately  made,  and  can  be  operated  by  a  small 
pocket   battery. 


Large    Lagonda  Multiple  Angle  Type 
Water  Strainer 

One  of  two  large  multiple  water  strainers  recently 
built  by  the  Lagonda  Manufacturing  Co.,  Springfield, 
Ohio,  is  shown  in  the  accompanying  illustrations.  The 
Southern  California  Edison  Co.  will  use  the  strainers  to 
remove  fish,  sticks,  leaves,  seaweed,  ice,  etc.,  from  the 
water  supply  to  its  power  plant. 

The  strainers  are  not  only  of  large  size  (30  in.)  but 
are  of  the  angle  type,  the  water  passing  out  in  a  direc- 
tion 90  deg.  from  the  inlet.  Each  strainer  contains  three 
filtering  baskets,  each  having  a  free  straining  area  equal 
to  that  of  the  pipeline.  When  one  of  the  baskets  is  be- 
ing  cleaned,   the   two    remaining   l)askets    have   an   area 
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at  least  twice  that  of  the  pipeline.  Thus  there  is  lit- 
tle resistance  to  the  How  of  water  or  loss  of  head  caused 
by  friction.  The  low  velocity  in  the  strainer  also  \)qv- 
mits  impurities  to  settle,  and  eliminates  wear  caused  by 
the  erosive  action  of  water  moving  at  high  velocity. 

As  the  entire  strainer  can  lie  set  beneath  the  ]3ower- 
plant  floor,  only  the  handwheels  and  top  of  the  bonnets 
project  al)()ve.  Any  one  of  the  individual  baskets  can  be 
removed  fi'om  the  iiody  of  (he  strainer  by  .urning  one 
of  the  jiandwhecls. 

trt 

Extensions  of  the  Niagara  Falls  Hydro-i-lcctrlc  plants  on 
the  Canadian  side  are  at  present  being  pushed  with  the  view 
of  utilizing  ail  the  water  available  for  power  purposes  under 
the  ixl.sting  treaty.  The  Toronto  Power  Co.  will  enlarge  Its 
output  to  120.000  hp..  and  a  new  line,  operating  at  85,000  volts. 
Is  being  built  between  Niagara  Falls  and  Toronto.  The 
plants  on  the  American  side  of  the  Falls  are  at  present  using 
all  the  water  allotted  to  them  by  the  Secretary  of  War  and 
the  granting  of  additional  water  up  to  the  amount  at  the  dis- 
posal of  the  United  States  under  the  present  treaty  Is  op- 
tional with  the  Secretary. 
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Flow  of  Water  over  Weirs 

Bex  D.  Mosks 

Often  in  practice  the  weir  is  used  to  measure  water  and 
its  use  is  purely  meehauieal  to  many  of  its  advocates,  as 
the  quantity  is  found  generally  by  looking  up  the  values 
in  tables,  picking  them  oif  of  curves,  or  substituting  in 
formulas.  Unless,  then,  one  is  more  or  less  familiar  with 
!he  theory  of  the  weir  itself,  quite  distressing  mistakes 
arc  likely  to  be  made. 

Nothing  is  prettier,  or  will  hold  the  attention  as  will  a 
sheet  of  water  falling  over  a  well  made  weir,  whether  it  is 
small,  and  used  in  the  laboratory  or  one  spanning  a  river 
valley,  unless  it  is  the  theory  of  the  flow  of  the  water. 
Then,  too,  the  actual  results  obtained  in  the  field  conform 
so  closely  to  what  the  theory  predicts  that  the  possession 
of  one  begets  a  desire  for  the  other. 


1^ 
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Fig.   1.   Rectangular   Weik.   Showing    Velocity 
Curve 
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notch  over  which  the  water  is  flowing.  This  phenomenon 
will  effect  the  quantity  Q  directly,  so  that  in  place  of  Q 
being  av,  it  will  be  some  constant  c  times  av. 

Keeping  these  things  in  mind,  consider  a  stream  flow- 
ing over,  first  a  rectangular  weir  h  deep  and  w  wide. 

Rectangular  Weir 

The  velocity  of  a  particle  of  water  at  A  (Fig.  1  )  will 
be  zero,  and  at  any  depth  h  below  A  will  be  equal  to 
VSgh..  Now  the  abscissas  of  a  velocity  curve  AC  would 
show  the  velocity  at  any  depth,  while  the  quantity  Q 
in  one  second  is  the  volume  of  a  solid  having  the  cross- 
section  ABC  and  length  b  or  Q  equal  to  the  area  ABC 
X  b.  But  the  curve  ABC  is  a  parabola,  since  its  abscissa 
at  any  point  is  numerically  the  square  of  the  ordinate, 
and  the  area  of  a  part  of  any  parabola  is  f  of  the  area  of 
the  rectangle  formed  by  the  ordinates  and  abscissas  of  the 
points. 

Therefore : 

Q  =  I  area  ABCD  Xb 

=  I  bh  X  v  =  I  b/i  X  V  -i(/h 
=  5.35  bh'^ 

This  is,  however,  the  theoretical  Q;  the  actual  Q  has 
been  found  to  vary  from  0.59  to  0.64  of  this  value.  This 
constant,  however,  depends  upon  the  condition  of  the 
weir  and  must  be  determined  in  any  given  case. 

In  general  Q  =  K  5.35  b0,  where  K  is  the  experimen- 
tal constant. 

Triangular  Weir 

A  similar  consideration  of  the  velocity  curve  (Fig.  2), 

shown  shaded,  of  the  triangidar  notch  brings  us  to  the 

point  that. 

Q  =   Volume  ABCD 

but  the  volume  ABCD  can  be  shown  to  be 

Volume  =  1%  K  V  'Zgh,  where  K  is  the  ratio  b/2h 
Reducing  this  now,  for  the  90-deg.  notch,  which  is  the 

one  used  most  in  practice,  where  A'  ^  1. 


Fig.  2.  Triangular  Weir,  Showing  \'KLocrrv  t'URVE 
AND  Volume 

In  the  use  of  the  weir  for  water  measurement,  several 
things  must  be  assumed  as  understood : 

(1)  The  velocity  of  water  flowing  through  a  free 
orifice  under  a  head  h,  theoretically  equals  '\j2gh,  where 
g  is  the  value  of  the  earth's  pull,  or  equals  32.8.  In  other 
words,  if  the  pressure  of  a  column  of  water  h  is  eon- 
verted  entirely  into  velocity,  the  velocity  would  be  equal  to 

V  2^ 

(2)  Because  of  friction,  eddying  and  irregularity  of 
fiow,  the  actual  velocity  will  be  something  less  than  the 
theoretical ;  and, 

(3)  Because  of  contraction,  the  cross-sectional  area 
of  the  stream  will  be  something  less  than  the  area  of  the 


^1  -Zgh 


and  introducing  the  constant  for  contraction,  whicli  for 
the  triangular  notch  is  fairly  constant  and  equals  about 
0.6 

Q  =  2.56  hi 

In  the  above  deductions  it  will  be  understood  that  the 
shaded  part  representing  Q  is  not  the  form  of  the  wfiter 
falling  over  the  weir,  as  the  water  is  affected  by  the  grav- 
itv  of  the  earth.  While  the  above  curve  is  purely  a  veloc- 
ity curve,  it  represents  to  scale  what  the  ideal  case  would 
be  if  gravity  ceased  to  act  the  instant  that  the  watei 
passed  the  knife  edges  of  the  weir. 

It  might  be  well  here  to  say  that  often  in  practice  sup- 
pressed weirs  are  used,  in  which  case  Francis'  formula 
is  generally  applied. 

Q  =  Chh 

in  which  C  is  dependent  upon  the  number  of  contrac- 
tions. 

[For  a  more  extensive  treatment  of  the  mathematics  of 
the  flow  of  water  over  weirs,  through  notches  and  aper- 
tures, the  reader  is  referred  to  a  series  of  articles  on  hy- 
draulics in  Power  for  1908-9. — Editor.] 
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Motors  and  Motor  Applications 

Bv  A.  B.  MoRKisox,  Jit. 

The  use  of  electric  motors  for  driving  all  classes  of  ma- 
chiner)'  is  so  common  that  little  thought  is  often  given  to 
the  conditions  under  whicli  the  machine  is  to  operate  or 
to  the  characteristics  of  the  motor  to  be  applied  to  it.  A 
careful  study  of  these  two  points  often  discloses  the  fact 
that  a  motor  of  an  entirely  different  size  or  type  from 
that  first  planned  should  be  installed.  It  is  the  intention 
of  the  present  article  to  show  in  a  general  way  the  im- 
portant factors  which  must  be  considered  in  deciding  the 
proper  size  and  type  of  motor  to  install,  then  to  discuss 
the  operating  characteristics  of  the  various  types,  and 
finally  to  indicate  the  best  tjpe  for  certain  classes  of  work. 

To  secure  the  most  satisfactory  results  from  motor 
drive  it  is  essential  that  the  type,  as  well  as  the  size  of 
motor,  be  properly  adapted  to  the  work  contemplated. 
This  is  especially  important  in  the  case  of  individual  drive 
where  the  shortcomings  of  the  motor  are  more  serious 
than  in  group  drive.  Even  though  the  size  of  the  motor 
may  be  ample  to  operate  the  machine  under  normal  load 
the  installation  may  be' very  unsatisfactory  because  the 
motor  does  not  develop  the  proper  starting  torque  or  else 
requires  excessive  current  at  starting,  the  speed  regula- 
tion may  not  be  suited  to  the  machine  or  some  other  in- 
herent fault  shows  up  which  makes  that  particular  type 
of  motor  unsuited  for  the  work  required.  While,  gen- 
erally speaking,  in  many  installations  there  cannot  be  a 
choice  between  direct  and  alternating  current,  yet  the 
kind  of  current  available  is  often  not  important  provided 
the  correct  type  of  motor  be  selected. 

In  considering  the  application  of  a  motor  it  is  neces- 
sary to  take  into  account  the  following,  all  of  which  must 
be  carefully  analyzed  if  satisfactory  results  are  to  be  ob- 
tained : 

Starting  torque. 

Maximum  torque. 

Cycle  of  operation. 

Method  of  drive. 

Type  of  machine  and  installation. 

It  is  important  first  to  understand  clearly  the  difference 
between  horsepower  and  torque.  The  former  is  the  rate 
of  doing  work,  Avhile  tlie  latter  is  only  one  of  the  quan- 
tities making  up  horsepower.  The  torque  of  a  motor  is 
sometimes  defined  as  the  pull  or  force  exerted  at  the  sur- 
face of  the  armature,  multiplied  by  the  radiu.s  of  the 
armature.  For  commercial  purposes,  however,  it  is  de- 
fined as  the  pull  exerted  at  a  certain  radius  from  the  shaft 
center.  For  convenience  this  pull  is  usually  expressed  in 
pounds  and  the  radiu.s  in  feet,  which,  multiplied  by  the 
peripheral  speed,  gives  an  expression  in  foot-pounds  which 
is  readily  reducible  to  horsepower.  Assuming  that  the 
force  is  applied  at  a  distance  of  one  foot  from  the  cen- 
ter of  the  shaft  so  that  ;•  (radius)  =  1.  then 

„,  .„,.        hp.  X  33,000       hp.  X  5252  .,. 

liirque  (7)  =  -r =  — (1) 

2  -  X  r.p.m.  r.p.m. 


From  this  it  is  evident  that  for  a  given  motor  and  a 
given  horsepower,  the  torque  varies  inversely  as  the  speed. 
If  the  first  definition  of  torque  is  assumed,  that  is,  the 
force  acting  at  the  surface  of  the  armature — it  is  ap- 
parent that  the  torque  would  be  dependent  on  the  diam- 
eter of  the  armature  as  well  as  the  speed ;  whereas,  by  the 
second  definition,  it  is  independent  of  the  armature  diam- 
eter. In  motor  applications  one  is  concerned  with  the 
torque  exerted  on  the  motor  shaft  and  not  at  the  surface 
of  the  armature. 

SxAirrixc;  Torqle 

With  a  machine  having  heavy  inertia,  the  required 
starting  torque  may  be  in  excess  of  that  required  to  keep 
it  running  after  once  in  operation.  For  example,  a  punch 
having  a  heavy  flywheel  or  a  long  lineshaft  carrying  a 
number  of  large  pulleys  with  heavy  machines  belted  from 
them,  is  harder  to  start  than  to  keep  up  to  speed  after 
once  in  operation.  It  is  possible  to  approximate  the 
starting  torque  by  fastening  a  lever  to  the  driving  shaft  of 
the  machine  and  measuring  the  pull  in  pounds  neces- 
sary to  turn  the  shaft:  this  pull  multiplied  by  the  radius 
in  feet,  measured  from  the  center  of  the  shaft  to  its  point 
of  application  gives  the  torque. 

Assuming  a  concrete  case,  suppose  it  requires  a  torque 
of  50  ft. -lb.  to  start  a  certain  machine;  also  to  keep  the 
machine  running  after  it  is  once  up  to  speed  requires  7.5 
hp.  Conditions  .may  be  such  that  a  motor  with  n  full 
load  speed  of  1750  r.p.m.  can  be  used.     By  formuhi   (  I  ) 

lorqiie  =  -r— =  22.0  ff.-lb. 

1  <5U 

Hence,  to  start  the  machine,  the  motor  must  exert  a 
starting  torque  equal  to  50  -^  22.5,  or  222%  of  iKirmal. 
An  ordinary  squirrel-cage  induction  motor,  if  the  instal- 
lation were  alternating  current,  would  probably  not  lu> 
suitable  because  of  insufficient  starting  torque. 

If  a  lloO-r.p.m.  motor  be  considered  in  place  of  1750 
r.p.m..  the  torque  becomes 
7.5  X  5252 


1150 


34.2  -y.-M. 


and  the  starting  torque  becomes  50  ^-  34.2.  or  146% 
of  normal,  for  which  starting  torque,  the  average  squirrel- 
cage  motor  of  this  rating  is  satisfactory. 

From  the  foregoing  it  is  apparent  that  if  a  17.">ii-i-.ii.iii. 
induction  motor  were  required  because  of  special  cdiiili- 
tioiis,  it  would  be  neces.sary  to  use  a  type  which  would 
give  greater  starting  torque,  either  a  motor  having  wound 
rotor  or  with  a  high  resistance  rotor.  Furthermore,  the 
time  element  is  imiiortant  as  regards  starting  torque,  for 
if  the  maximum  starting  torque  is  required  for  .sonu^  time 
(the  machine  is  slow  to  start),  a  type  of  motor  which 
might  answer  the  requirements  if  the  time  of  starting 
were  shori.  u(.iiM  not  answer  for  the  longer  time. 

Maxtmum  ToHQfK 
With  a  heavy  |ilaiier  the  torque  required  at  the  moment 
of  reversal  mav  be  stitfieicnt  to  stall  or  to  slow  down  the 
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motor.'  Similarly  with  a  heavy  punch,  in  spite  of  the  fly- 
wheel, the  motor  may  develop  insufficient  torque  to  keep 
up  the  speed.  The  maximum  torque  is,  iu  a  sense,  a 
measure  of  the  overload  capacity  of  the  motor,  particular- 
ly for  sliort  periods,  although  this  is  not  strictly  correct, 
as  the  maximum  torque  is  developed  at  a  lower  speed 
than  that  at  which  the  maximum  horsepower  exists.  For 
longer  overloads  the  heating  is,  of  course,  the  limiting 
feature.  In  cases  where  a  motor  is  large  enough  for  start- 
ing and  normal  operation,  but  not  large  enough  for  the 
maximum  overload  required  for  perhaps  only  a  second  or 
two,  the  addition  or  substitution  of  a  suitable  flywheel 
will  sometimes  cut  down  the  maximum  torque  required. 
In  some  cases  it  may  be  necessary  to  install  a  motor  larger 
than  necessary  for  the  average  work  simply  to  secure  the 
maximum  torque  necessary  to  keep  the  machine  up  to 
speed  at  all  parts  of  the  cycle. 

Cycle  of  Operation 

The  cycle  of  operation  required  of  a  machine  driven  by 
a  motor  has  an  important  bearing  on  the  proper  size  to 
install.  The  allowable  load  is  almost  always  limited  by 
the  permissible  heating,  which  is  proportional  to  the 
square  of  the  current  which  the  motor  draws  from  the 
line,  and  since  this  current  is  a  measure  of  the  horse- 
power the  heating  is  proportional  to  the  square  of  the 
horsepower  and  to  the  time.  In  some  cases,  however,  the 
maximum  load  may  exist  for  only  short  periods  and 
while  a  motor  of  proper  size  to  drive  the  machine  dur- 
ing the  cycle  would  be  large  enough  so  far  as  heating  is 
concerned,  it  might  not  be  large  enough  to  handle  the 
maximum  load  nor  to  develop  the  starting  torque  neces- 
sary. 

Method  ok  Dkine 

A  motor  may  be  connected  to  a  machine  directly 
through  a  coupling,  by  a  belt  or  chain,  or  by  gears.  Where 
a  clutch  coupling  is  used  it  is  possible  to  bring  the  motor 
up  to  speed  and  then  throw  in  the  clutch.  This  is  ad- 
vantageous where  the  driven  machine  may  require  an  ex- 
cessive starting  torque.  A  direct-connected,  geared,  or 
chain-driven  motor  is  subject  to  all  the  fluctuations  of 
load  of  the  driven  machine,  whereas  with  a  belt  connec- 
tion or  clutch  there  is  a  chance  for  slippage.  This  ques- 
tion must  also  be  considered  in  the  case  of  a  number  of 
machines  which  may  be  group  driven  from  one  shaft  or 
may  be  individually  driven.  The  choice  of  group  or  in- 
dividual drive  may  depend  largely  on  the  starting  and 
maximum  torque  requirements  of  the  various  machines. 
If  these  are  excessive  they  may  be  better  handled  by  one 
large  motor  which  has  a  large  starting  torque  compared 
to  that  required  by  each  separate  machine,  starting  the 
machines  one  after  the  other,  rather  than  by  a  number 
of  smaller  motors,  built  specially  for  the  work. 

In  the  case  of  alternating-current  motors,  especially, 
the  question  of  direct  connection  or  some  other  form  of 
drive  is  important  as  the  characteristics  of  the  induction 
motor  are  modified  considerably  by  the  speed. 

Type  of  Machine  and  Installation 

Even  after  the  size  of  motor  has  been  checked  up  by 
the  requirements  discussed,  it  is  important  to  consider  the 
type  of  machine  and  the  general  class  of  installation.  For 
example,  suppose  the  motor  drives  a  centrifugal  pump 
elevating  water  to  a  certain  height.    A  variation  in  head 


or  speed  will  greatly  modify  any  test  figures  given;  thei'e- 
fore,  allowance  should  be  made  and  the  motor  installed  of 
sufficient  size  to  take  care  of  such  contingencies.  If  the 
installation  is  in  a  very  dirty  place  a  squirrel-cage  motor 
would  evidently  be  preferable  to  any  other  type  of  induc- 
tion motor.  If  the  voltage  is  apt  to  vary  this  must  be 
taken  into  account,  particularly  with  induction  motors 
in  which  the  torque  varies  as  the  square  of  the  voltage. 
If  the  motor  is  in.stalled  in  a  hot  place  it  should  be  larger 
than  if  installed  under  normal  conditions. 

Al/l'Kl!NATI\(!-rr!!KENT  MoTOIiS 

By  far  the  greater  number  of  alternating-current  motors 
are  of  the  multiphase-induction  type,  the  construction  of 
which  is  too  well  known  to  need  describing  iu  detail. 
Briefly,  these  motors  consist  of  a  stationary  element,  or 
stator,  to  which  the  line  current  is  supplied,  and  a  re- 
volving element  or  rotor,  not  connected  electrically  to 
the  stator  but  which  is  acted  upon  by  the  flux  induced  by 
the  current  iu  the  stator  and  is  caused  to  rotate  at  some 
fixed  speed  dependent  on  the  number  of  poles  and  fre- 
quency of  the  circuit.  The  great  advantage  which  the 
multiphase-induction  motor  possesses  over  any  other  type 
is  its  simplicity. 

There  are  two  general  tj'pes  of  constant-speed  induc- 
tion motors — the  squirrel-cage  and  the  wound-rotor  types. 
The  former  is  so  called  because  the  conductors  in  the 
rotor  consist  of  copper  bars  laid  in  slots  and  short-cir- 
cuited at  the  ends  by  metal  rings;  hence  the  resemblance' 
to  a  cage.  The  rotor  conductors  in  the  wound-rotor  type 
are  form  wound,  somewhat  similar  in  appearance  to  the 
armature  coils  of  direct-current  machines  or  of  alternators, 
and  these  coils  are  connected  to  collector  rings  on  the 
shaft.  These  collector  rings  are  similar  to  those  on  al- 
ternators and  are  supplied  with  brushes  from  which  the 
rotor  currents  are  led  through  some  sort  of  controller  and 
suitable  resistance.  This  resistance  may  be  designed  for 
starting  duty  to  remain  in  circuit  only  while  the  motor 
is  coming  up  to  speed,  or  it  may  be  constructed  to  re- 
main in  circuit  continuously,  where  a  reduction  in  the 
speed  of  the  motor  is  desired.  It  should  be  noted  that 
squirrel-cage  motors  are  usually  constant  speed,  whereas 
wound-rotor  motors  may  be  either  constant  or  variable 
speed. 

In  considering  the  choice  of  a  suitable  constant-speed 
induction  motor  for  any  given  installation  the  standard 
squirrel-cage  motor  offers  the  advantages  of  simplicity 
and  ruggedness,  with  no  moving  parts  carrying  current; 
hence  a  motor  particularly  suitable  for  dirty  and  dusty 
locations  or  where  sparking  might  be  dangerous.  The 
di-sadvantage  of  this  type  is  that  the  starting  torque  per 
ampere  of  current  is  low.  To  develop  a  starting  torque 
equivalent  to  full  load  torque  the  motor  will  draw  from 
the  line  momentarily  a  current  several  times  that 
necessary  at  full  load.  This  is  apt  to  cause  considerable 
disturbance  in  the  line  and  affect  other  apparatus  con- 
nected to  it,  particularly  if  the  motor  is  large.  If  lights 
are  connected  to  the  same  line  they  may  flicker  badly. 
All  squirrel-cage  motors,  except  very  small  ones,  if  started 
by  throwing  directly  on  the  line,  would  take  a  heavy  rush 
of  current.  To  prevent  this  a  suitable  form  of  starting 
device,  or  atitotransformer  is  employed  to  redtice  the  im- 
pressed voltage  when  starting.  The  starting  torque,  how- 
ever, is  proportional  to  the  square  of  the  impressed  volt- 
age, so  that  it  will  fall  off  faster  than  the  current.  Hence, 
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if  the  motor  is  to  develop  a  large  torque  when  starting, 
it  will  take  a  comparatively  large  current  from  the  line 
at  that  time. 

The  maximum  torque  of  induction  motors  is  generally 
from  two  to  three  times  full  load  torque.  This  maximum 
torque  is  independent  of  the  rotor  resistance  and,  there- 
fore, with  any  given  motor,  the  maximum  torque  which 
it  is  capable  of  exerting  under  given  conditions  will  be 
the  same  regardless  of  whether  the  rotor  is  of  the  squirrel- 
cage  type  or  of  the  wound-rotor  type  or  any  modification 
of  them.  So  far,  therefore,  as  maximum  torque  is  con- 
cerned a  motor  can  be  selected  with  regard  to  its  starting 
torque  only,  knowing  that  the  type  of  motor  will  have 
Eo  effect  On  the  maximum  torque  which  is  to  be  de- 
veloped. 

The  wound-rotor  motor  is  particularly  suitable  where 
the  starting  duty  is  severe,  where  a  large  current  drawn 
from  the  line  at  starting  is  objectionable,  and  the  instal- 
lation is  in  a  place  free  from  dust  and  dirt.  The  start- 
ing current,  corresponding  to  full  load  torque,  is  only  a 
little  greater  than  full  load  current  as  against  four  or 
five  times  as  much  in  the  case  of  the  standard  squirrel- 
cage  motor  as  a4veady  noted.  The  maximum  torque  is 
exactly  the  same  for  the  sa:ne  horsepower  and  speed  rat- 
ing. The  efficiency  of  the  motor  is  lower,  due  to  increased 
losses  in  the  rotor  and  the  drop  in  speed  from  no  load  to 
full  load,  or  the  sl'p.  if.  greater  than  m  the  standard 
squirrel-cage  type. 

"\Yliere  a  heavy  .starting.torquo  is  desired  and  the  wound- 
rotor  type  is  not  desirable  a  squirrel-cage  motor  with  a 
high  resistance  rotor  may  be  used.  This  is  similar  to 
the  ordinary  squirrel-cage  motor,  except  that  instead  of 
the  low  resistance  rings  connecting  the  ends  of  the  rotor 
bars,  these  end  rings  are  of  less  cross-section  or  of  a  dif- 
ferent metal  so  that  their  resistance  is  greatly  increased. 
Since  in  the  commercial  induction  motor,  other  things  be- 
ing equal,  the  starting  torque  is  proportional  to  the  rotor 
resistance  up  to  a  certain  point,  the  construction  just  de- 
scribed results  in  a  greatly  increased  starting  torque, 
though  the  efficiency  is  lessened  and  the  slip  from  no  load 
to  full  load  is  greater.  This  type  requires  very  careful 
construction  of  the  end  rings  so  that  the  heat  developed 
by  the  heavy  currents  in  the  rotor  at  the  time  of  starting 
will  not  loosen  the  connections  and  therefore  cause  poor 
contacts. 

A  significant  point  inherent  in  the  design  of  induction 
motors  is  that,  as  the  speed  decreases,  the  Operating  char- 
acteristics become  poorer.  As  the  speed  decreases  for  a 
given  horsepower  rating  the  magnetizing  current  of  llic 
motor  increases  so  that  the  power  factor  is  much  less  for 
the  lower  speeds.  The  efficiency  is  also  decreased,  though 
not  as  rapidly  as  the  power  factor.  With  a  standard 
f-quirrel-cage  motor  tiie  starting  torque  is  al.so  affefteil.  be- 
ing lower  on  the  slower  speeds.  Tfence.  wherever  ])ossiblc. 
motors  of  as  high  speed  as  possible  should  be  used,  not 
only  on  account  of  first  cost,  but  because  of  better  operat- 
ing characteristics. 

From  the  standpoint  of  first  cost  the  standard  s(|uirrel- 
cage  induction  motor  is  cheapest,  the  .squirrel-cage  niolcpr 
with  high  resistance  rotor  next,  and  the  wound-rotor 
motor  is  highest. 

The  use  of  variable-speed,  synchronous,  single-phase 
and  direct-current  motors  will  be  consirlered  in  >uli>e- 
quent  articles. 


Improving   Conductivity  of  Joints 

It  is  obvious  that  considerable  loss  may  occur  through 
imperfect  metal-to-metal  contact  on  switchboards,  especi- 
ally where  the  copper  is  bolted  together  and  the  pressure 
is  not  very  great. 

A  test  made  recently  at  the  Laboratoire  d'Electricite, 
on  joints  made  in  accordance  with  the  best  French  prac- 
tice, showed  that  on  a  busbar  carrying  1760  amp.,  84.-5 
watts  were  lost  per  hour  due  to  heating.  In  a  plant  oper- 
ating 10  hr.  per  day  and  300  days  per  year,  this  would 
represent  253  kw.-hr.  per  year.  While  this  may  not  ap- 
pear large,  it  should  be  remembered  that  this  was  only 
one  of  a  number  of  similar  joints  on  the  switchboard. 

A  preparation  has  recently  been  put  on  the  market 
which  is  claimed  to  reduce  this  loss  by  about  85  per  cent. 
It  is  called  '"Optimus  Plastic  Alloy,"  and  is  in  the  form 
of  a  metal  putty,  which  is  a  good  conductor  and  fills 
up  all  the  cavities  in  the  surface;  thus,  it  is  claimed  the 
plates  are  made  continuous  electrically.  It  is  further 
claimed  that  moisture  is  prevented  from  entering. 

The  alloy  is  put  in  cold  and  does  not  prevent  the  cop- 
per from  being  separated  readily  when  desired. 

Rotary  Converter   without  Shunt  Field 

I  should  like  to  have  the  opinions  of  some  readers  as 
to  what  would  occur  if  a  loaded  rotary  converter  should 
suddenly  loose  its  shunt  field.  What  proportion  of  full 
load  could  the  machine  carry  under  these  circumstances 
and  what  would  be  the  probable  power  factor? 

Schenectady,  N.  Y.  X.  M.  Hill. 

Peculiar  Motor  Trouble 

A  short  time  ago  upon  placing  a  10-hp.  induction  motor 
in  service  the  following  trouble  was  encountered : 

When  the  compensator  was  on  the  starting  position  the 
motor,  with  an  ordinary  light  load  of  shafting  and  loose 
pulleys,  would  develop  about  one-third  normal  speed 
and  with  a  consequent  lack  of  power.  This  would  not 
change  when  the  compensator  was  brought  to  the  running 
position.  If  the  handle  of  the  starting  compensator  was 
thrown  quickly  from  the  '"off'  to  the  "running"  position, 
the  motor  would  reach  almost  the  rated  speed,  but  the 
nioincnt  the  load  was  thrown  on,  it  would  slow  down  to 
about  three-fourths  normal  and  heat  considerably  to  about 
IS5  deg.  F.  or  115  deg.  above  room  temperature. 

This  motor  drove  two  triplex  ammonia  pumps  and  two 
tri])lex  brine  pumps,  which  load  is  at  present  being  car- 
ried by  a  motor  of  the  same  type  and  size,  which  shows 
that  it  was  not  an  excessive  load  that  cau.sed  the  trouble. 

Tile  motor  in  question  is  a  three-phase,  60-cycle,  550- 
volt  machine  of  the  squirrel-cage  type  and  is  rated  to 
run  at  \W()  r.i>.ni.  The  stator  winding  consists  of  72 
coils,  arranged  in  IS  groujis  of  four  coils  each.  The 
slatiir  winding  had  just  been  renewed  and  the  cro.ss-con- 
nections  were  made  in  exact  accordance  with  the  manu- 
facturer's drawing  for  Y-wound  motors  of  this  type.  A 
voltmeter  test  indicates  a  ground  of  20  volts,  but  I  do 
not  think  that  this  would  cause  such  conditions  to  exist. 

I  have  examined  tiie  rotor  for  loose  bars  and  it  is  in 
good  condition,  as  was  the  .starting  compensator,  nor  do 
the  bearings  show  any  signs  of  wear. 

WjiMiI.imm.    Wis.  F.    I-.    I'>i;>  wr. 
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A  Korean   Gas  Engine  Plant 

The  iqiplii-atiou  of  gas  power  to  industrial  activities  is 
iiuding  its  way  into  all  parts  of  the  world  and,  in  this 
connection,  it  is  astonishing  with  what  avidity  the  newer 
nations  are  adopting  the  most  advanced  forms  of  engi- 
neering practice  which  have  been  developed  in  the  older 
world.  An  interesting  example  of  this  is  found  in  Japan 
and  Korea,  where  a  number  of  townships  which  com- 
])aratively  recently  were  highly  primitive,  are  rapidly 
adapting  themselves  to  the  conditions  of  modern  civiliza- 
tion. In  many  of  these,  efficient  systems  of  gas  and  elec- 
tricity supply  are  to  be  found  and  some  of  the  generat- 
ing stations  or  power  houses  are  models  of  their  kind. 


\alve,  operated  l)y  a  cam  on  the  lainshaft,  supplying  air 
at  tlie  right  point  in  the  cycle  through  a  check  valve 
opening  into  the  two  cylinders.  This  gear  can  be  readily 
])ut  into  or  out  of  operation  at  any  position  and  it  con- 
tinues to  admit  air  every  cycle  until  ignition  commences, 
when  the  admission  of  air  ceases. 

Lubrication  of  the  main  bearings  and  crank  pins  is 
effected  by  a  valveless  oil  pump  delivering  oil  to  these 
parts,  and  drawing  it  from  a  tank  connected  to  the  crank 
chamber,  after  passing  through  a  strainer.  The  cylinders 
and  e.xhaust  valves  are  lubricated  by  a  sight-feed  arrange- 
ment and  a  small  force  pump.  The  small-end  bearings  of 
the  connecting-rod  are  supplied  in  a  similar  way.  This 
lubrication  gives  -a  constant  feed  after  it  is  once  adjusted, 
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The  Kankoku  Gas  &  Electric  Co.,  in  Korea,  is  a  flourish- 
ing and  progressive  company  supplying  gas  and  electricity 
to  the  city  of  Kankoku.  Its  power-house  equipment  con- 
sists of  two  double  Premier  gas  engines,  each  direct  con- 
nected to  a  300-kw.  alternator.  The  alternator  and  fly- 
wheel are  placed  centrally  between  the  two  pairs  of  cyl- 
inders of  the  double  twin  gas  engine,  which  has  four 
single-acting  cylinders  working  on  the  four-stroke  cycle 
and  there  are  therefore  two  impulses  per  revolution.  The 
illustration  shows  one  of  these  units. 

At  present  the  engines  operate  on  town  gas,  but  they 
are  so  arranged  that  they  can  be  adapted  to  work  on  pro- 
ducer gas,  should  this  become  nece.ssary.  The  quality 
method  of  governing  is  employed,  a  high-.speed  centrifu- 
gal governor  driven  from  the  crankshaft  controlling  the 
throttle  valve  for  the  gas.  The  gas  and  air  do  not  mix 
until  about  to  enter  the  cylinder.  Ignition  is  obtained 
by  a  separate  magneto  for  each  machine. 

Starting  is  effected  by  compressed  air,  a  distributing 


which  stops  when  the  engine  stops  and  starts  when  the 
engine  starts.  The  measured  oil  drops  into  the  suction 
side  of  a  small  pump  which  delivers  it  imder  pressure  to 
the  point  where  it  is  required.  The  gear  wheels  work 
in  oil-tight  cases  and  in  an  oil  bath  and  the  shaft  bear- 
ings in  these  cases  are  lubricated  by  the  oil  thrown  up 
by  the  wheels,  thus  keeping  a  constant  stream  flowing 
over  these  bearings.  The  other  camshaft  bearings  are  of 
the  self-oiling  type. 

The  Gas  Producer    and  Waste  Fuels*    . 

The  steam  engineer  aims  at  minimum  CO  and  maxi- 
mum CO2,  while  the  producer  engineer  strives  for  maxi- 
mum CO  and  minimum  CO^.  A  boiler  worjcs  with  a  fuel 
bed  usually  varying  in  thickness  from  3  to  12  in.,  where- 
as the  depth  of  fuel  bed  in  the  gas  producer  varies  from 
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2  to  10  ft.  Maximum  temperature  in  the  furnace  is  the 
ambition  of  the  fireman ;  on  the  other  hand,  a  combus- 
tion zone  of  approximately  2000  deg.  F.,  but  varying  with 
liie  nature  of  the  fuel,  gives  the  best  results  in  the  gas 
]'roducer. 

In  boiler  firing  it  is  comparatively  easy  to  deal  with 
clinker,  and  the  tarry  volatile  gases  given  off  during  the 
coking  of  the  coal  are  never  the  cause  of  trouble  at  the 
steam  engine  and  turbine.  Stated  broadly,  however, 
ci inker  and  tar,  are  a  source  of  the  greatest  trouble  to 
the  designer  of  the  gas  producer. 

The  earliest  application  of  the  gas  producer  was  con- 
lined  exculsively  to  heating  installations,  and  only  with 
the  advent  of  the  Otto  cycle  gas  engine  was  begun  the 
adaption  of  the  gas  producer  to  the  problem  of  cheap 
power  production. 

The  bases  of  gas  production  depend  on  the  reaction^ 
taking  place  principally  in  accordance  with  the  following 
ecjuations : 

2  C  -f  0,  =  3  CO 

(or  V  +  0.,  =  ('0„  followed  by  CO,  -f  C  =  2  CO) 
and 

(•  +  H.O  =  CO  +  H, 

If  the  capacity  and  design  of  the  suction  producer  is 
suitable  for  the  engine,  the  foregoing  reactions  are  gov- 
erned entirely  and  automatically  by  the  load.  Since  there 
is  no  outlet  for  the  gas  from  the  generator  except  to  the 
engine,  it  follows  that  the  induction  stroke  of  the  en- 
gine determines  the  amount  of  air  and  vapor  drawn 
through  the  fuel  bed  and  consequently  the  amount  of  gas 
produced. 

The  steam,  or. vapor  supply,  has  a  twofold  effect;  first, 
in  preventing  an  abnornuil  temperature  at  which  the  ash 
would  be  fused  and  the  firebrick  lining  burned,  and 
secondly  by  dissociation,  enriching  the  gas  with  hydro- 
gen. This  steam  is  generally  obtained  from  the  sen- 
sible heat  of  the  gas  in  its  transit  to  the  cooling  and 
cleaning  scrubber. 

Since  it  is  necessary  in  either  a  steam  Fioiler  or  a  gas- 
producer  installation  to  make  allowances  for  fuel  con- 
sumption during  standby  hours,  the  consumption  at  full 
load  is  not  the  only  factor.  The  standby  consumption  per 
hour  with  a  well  designed  suction-gas  producer  plant  is 
about  3  per  cent,  of  that  at  full  load.  With  a  steam- 
boiler  installation  tiie  standby  consumption  per  hour  is 
nearly  15  per  cent,  of  that  at  full  load. 

In  the  classification  of  coal,  bituminous  coal  comes  be- 
tween lignites,  at  the  lower  end  of  Ibc  scale,  and  an- 
thracite at  the  upper  end.  A  general  chissification  as  to 
volatile  matter   is  as  follows: 

Anthracite  uj)  to  8  per  cent,  volatile  matter. 

Semi-anthracite,  8  to  10  per  cent,  volatile  matter. 

Dry  steam  coal  (navy),  1U  to  II  per  cent,  volatile 
matter. 

Semiliituniinous,  I  1  to  20  per  cent,  volatile  matter. 

Bituminous,   30   to   10   per  cent,   volatile   matter. 

To  the  gas-producer  designer,  difficulties  are  intensi- 
fied. For  power  ])ur])oses  the  gas  must  be  clean  and  free 
IVom  tar.  and  of  consistent  quality.  Hot  burning  coal 
must  be  fed  with  a  liberal  supply  of  steam  to  reduce  ash 
fusion  and  clinker  formation  ;  also,  arching  over  of  caking 
coal  must  be  prevented  and  a  close  fire  of  sulficient  den- 
sity maintained  for  the  reduction  zone. 

Tn  the  same  generator  it  is  practically  impossible  to 
gasify  with  commercial  success  every  grade  of  bituminous 


coal.  An  area  of  combustion  zone  giving  a  combustion 
of  20  lb.  to  the  square  foot  is  ample  for  Nottingham 
slack,  whereas  for  Denver  slack,  double  this  area  is  re- 
quired. 

The  assistance  of  the  analytical  laboratory  is  necessary 
tc  the  designer  in  the  adaption  of  the  producer  to  the 
r('quirements  of  bituminous  coal.  The  chief  stumbling 
block,  however,  is  tar  trouble,  with  its  accompanying  ef- 
fect on  the  working  of  the  gas  engine.  Sticky  valves 
and  piston  rings  and  throttle  ports  are  the  direct  cause 
of  irregular  working  and  ultimate  stoppage  of  the  en- 
gine. Many  attempts  have  been  made  to  fix  the  tar  in 
the  form  of  an  incondensible  gas  in  the  producer  itself 
i'y  employing  down  draft  or  up  and  down  draft  in  which 
the  products  of  distillation  are  made  to  pass  through 
an  incandescent  mass  of  carbon,  but  up  to  the  present 
only  partial  success  has  been  attained.  Some  firms  prefer 
10  extract  the  tar  from  the  gas  externally  by  means  of  a 
centrifugal  tar  extractor. 

During  the  past  five  or  six  years  the  bituminous  suc- 
tion plant  has  been  successfully  applied  to  the  gasifica- 
tion of  waste  fuels,  and  pioneer  installations  are  at  work 
dealing  with  sawdust,  wood  refuse,  spent  tan,  cocoanut 
shells,  coir  dust,  cotton  seed  cake,  coffee  and  cocoa  husks, 
smoke-box  char,  olive  refuse,  etc.  While  some  of  these 
fuels  have  been  employed  for  boiler  firing,  the  consump- 
tion per  brake  horsepower-hour  is  two  to  four  times  that 
of  the  suction-gas  plant.  On  the  other  hand,  it  has  been 
found  necessary  to  use  coal  with  some  moist  fuel,  such  as 
spent  tan  and  wood  refuse,  in  order  to  get  the  necessary 
temperature  in  the  boiler  furnace.  A  moisture  content 
of  50  per  cent,  appears  to  be  no  detriment  to  gasifica- 
tion in  the  correct  design  of  producer. 

Such  fuels  as  smoke-box  char,  weighing  50  lb.  per 
cu.ft.,  demand  a  different  design  than  that  for  such  fuels 
as  fine  sawdust  or  husks.  The  former  demand  an  ex- 
cessive area  of  cross-section  with  a  minimum  depth  of 
fuel  bed,  and  an  average  velocity  of  gas  when  leaving 
the  top  of  the  fuel  bed.  On  the  other  hand,  the  sawdust 
i'lid  light  fuels  require  a  maximum  depth  of  fuel  and  a 
minimum  velocity  of  the  gas  as  it  leaves  the  fuel  bed,  to 
prevent  pulling  over  the  raw  fuel  during  the  induction 
stroke  of  the  engine. 

The  essential  difference  in  the  relative  combustion  of 
ligiit,  moist  fuel  in  a  gas  producer  as  compared  with  a 
sleani  boiler  seems  to  lie  in  the  fact  that  with  the  former 
a  sufficient  temperature  at  the  base  of  the  fuel  bed  is  nec- 
issary,  together  with  an  adequate  density  of  incandescent 
carbon  and  the  requisite  velocity  of  the  air  and  vapor 
tlirough  the  fuel  bed  to  effect  reduction;  while  with  tlie 
steam  boiler  radiant  heat  is  what  is  most  desired.  To 
obtain  this  it  is  necessary  to  drive  off  all  moisture  which 
at  once  extracts  heat  from  the  boiler,  and  at  that  par- 
ticular stage  of  the  process  when  the  top  layer  of  fuel  is 
in  a  combustible  state  the  draft  is  sufficient  to  draw  the 
carbonized  ])articlcs  away  along  the  flues  and  even  up 
the  stack. 

That  the  gas  jiroducer  is  one  of  the  most  connncrcially 
profitable  means  lor  the  utilization  of  waste  fuels  is 
shown  by  the  large  number  of  such  installations  now  in 
operation.  .\t  the  Ilighfiehl  tannery,  at  Roencorn,  an  in- 
stallation of  100  lip.  has  been  working  for  some  years 
on  spent  tan  alone,  with  such  satisfaction  as  to  warrant 
the  recent  duplication  of  this  unit.  A  more  recent  in- 
stallation, the  largest  in  the  world  for  dealing  with  this 
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waste  product,  is  one  of  700  hp.  now  being  erected  at 
Ditton,  in  which  300  hp.  is  to  be  used  for  power  purposes, 
and  400  hp.  for  combustion  under  existing  steam  boilers. 
With  a  moisture  content  of  50  per  cent.,  the  consumption 
per  brake  horsepower-hour  amounts  to  approximately  3^2 
lb.,  and  the  gas  produced  from  this  weight  of  spent  tan 
is  from  70  to  80  cu.ft.,  at  approximately  r.^-")  to  135  B.t.u. 
per  cu.ft. 

In  a  recent  test  of  a  75-hp.  wood  producer  plant,  em- 
ploying chippings  and  wood  waste  as  fuel,  a  brake  horse- 
power-hour was  obtained  with  3.64  lb.  of  refuse.  This 
fuel  had  a  heat  value  of  163  B.t.u.  per  lb.,  and  the  en- 
gine at  the  time  was:  running  at  15  per  cent,  overload. 

Test  on  Diesel  Engine  Using  Tar  Oil 

A  3"i5-hp.  vertical,  single-acting,  four-stroke-cycle 
Diesel  engine  running  167  r.p.m.  in  the  Hamburg-Ameri- 
can Watch  Factory,  at  Scharmberg,  Germany,  was  re- 
cently tested  by  the  Wurtembergische  Revisions  Yerein  in 
Stuttgart.  The  engine  is  direct  connected  to  a  three- 
phase  generator,  the  two  single-stage  air  compressors  be- 
ing driven  directly  from  the  shaft.  A  series  of  tests  at 
one-fourth,  one-half,  three-fourths  and  full  load,  as  well 
as  at  10  per  cent,  overload  was  made  to  ascertain  the 
fuel  consumption,  including  the  gas  oil,  which  is  used  in 
starting.  The  results  of  these  tests  are  graphically  shown 
in  the  accompanying  diagrams.  The  highest  output  at- 
tained was  240  kw.,  or  355  effective  horsepower  from  the 
engine,  which  is  10  per  cent,  more  than  was  guaranteed. 


CORRESPONDENCE 


Drying  Out  Magnetos 

The  c()m])aiiy  with  whii-h  1  am  employed  operates 
;'.  number  of  launches,  having  magnetos  of  the  three- 
bar  permanent  nuignet  type  for  ignition  purposes.  Xot 
long  ago  the  mi\gnetos  began  to  give  trotible,  which  upon 
test,  proved  to  be  due  to  salt-water  grounds  in  the  arma- 
ture. As  the  magnetos  are  friction  driven  from  the  fly- 
wheels of  the  engines,  they  were  installed  at  about  the 
same  level  as  the  engine  base,  which  made  them  sub- 
ject to  all  the  dampness  and  salt  water  that  accumu- 
lated in  the  bottom  of  the  boats. 

The  trouble  was  remedied  in  the  following  manner: 
The  pole-pieces  were  cleaned  and  shellacked ;  then  the 
armatures  were  put  in  a  pot  of  boiling  water  and  al- 
lowed to  boil  for  about  20  min.,  after  which  they  were 
baked  in  a  crude,  but  successful,  manner  by  suspending 
over  the  stationery  boilers  for  24  hr.  They  were  then 
shellacked  thoroughly  and  allowed  to  bake  another  24  hr., 
after  which  they  were  assembled,  and  have  given  no 
further  trouble. 

Oakland.  Calif.  J.  T.  Brown. 

Pound  in  Engine  Cylinder 

Rei>lying  to  the  inquiry  of  Mr.  Able,  in  the  Jan.  28 
issue,  as  to  the  possible  cause  of  the  pound  in  his  oil  en- 
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3.    Heat   Balance    with 
Different  Loaps 


With  fuel  prices  such  as  obtain  in  Germany  the  cost  per 
kilowatt-hour  figures  0.35c.  per  kw.-hr.,  or  0.23c.  per  ef- 
fective horsepower. 

Fig.  1  shows  that  the  most  favorable  fuel  consumption 
occurs  between  three-fourths  and  full  load  and  remains 
nearly  constant,  which  speaks  well  for  the  operating  econ- 
omy of  the  Diesel  engine.  Fig.  2  shows  that  the  me- 
chanical efficiency  at  full  load  is  about  77  per  cent.,  and  at 
10  per  cent,  overload  about  78.5  per  cent.  These  figures 
reflect  favorably  on  the  construction  and  lubrication. 

Fig.  3  is  a  composite  plot  of  the  heat  balance  for  vari- 
ous loads.  It  shows  that  about  55  per  cent,  of  the  heat 
contained  in  the  tar-oil  fuel  is  lost  in  cooling  water,  ex- 
liaust  gases  and  througli  radiation,  while  at  full  load 
about  34  per  cent,  is  gained  as  useful  work,  the  rest  be- 
ing absorbed  by  the  pumps.  This  diagram  also  shows 
that  the  most  favorable  operating  conditions  are  obtained 
between  three-fourths  and  full  load. 


bou  deposits  on  the  cylinder  head  and  piston. 

gine,  I  would  suggest  that  he  examine  hiy  engine  for  car- 

I  have  had  experience  with  cases  similar  to  his,  par- 
ticularly with  engines  using  low-grade  fuels,  and  the  cause 
v.as  usually  carbon  deposits;  although,  in  one  instance,  it 
was  a  burr  on  the  cylinder  head  which,  when  heated, 
caused  preignition.  This  gave  no  trouble  until  the  en- 
gine had  been  in  service  some  time,  as  the  cooling  water 
kept  the  burr  below  the  ignition  temperature,  until  the 
water  jacket  became  badly  scaled  from  the  cooling  water. 

In  either  event,  the  engine  would  act  the  same,  for  the 
mixture  being  ignited  by  the  incandescent  carbon  or  the 
burr,  advancing  or  retarding  the  spark  would  have  no 
eifect.  .\t  light  load,  tho  com])ression  would  not  be  high 
enough  to  cause  ignition  to  occur  early  enough  to  cause  a 
pound  and.  when  using  too  rich  a  mixture,  the  combus- 
tion wdiibl  be  too  slow  and  weak  to  cause  a  pound. 

Rush  Gitv.  Minn.  G.  W.  Foster. 
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A  New  Refrigerating  Cycle 

By    OsiAi:    P.    ()sTi:ii«iii:x 

Carbonic-acid  machines,  when  operated  as  at  present, 
have  shown  surprisingly  good  practical  etficiency — a  fact 
that  should  encourage  further  efforts  toward  imj^rove- 
mont.  The  ratio  of  compression  is  not  so  great  as  in  the 
ammonia  machine,  which  is  an  important  consideration. 
The  losses  at  the  regulating  valve,  however,  must  be 
greater.  So,  also,  is  the  loss  due  to  the  mechanical  effi- 
ciency of  the  machine  on  account  of  the  unusually  high 
pressure  required.     To  lower  this  pressure  is  the  object 


Fig.  1.  Co.vxixTioxs  of  ()i!I)Ixai!Y  CojiPiii:s.siov 
Systkm 

of  the  proposed  cycle.     Fig.   1   shows  the  usual  compres- 
sion .system  and  Fig.  2  the  new  cyele. 

Referring  to  Fig.  2,  carbonic  anhydride  in  a  gaseous 
state  enters  compressor  A  through  suction  valve  a,  where, 
after  compression,  it  is  discharged  through  valve  b  into 
trap  c  and  cooling  coil  d,  where  it  is  cooled  by  water 
in  the  regular  way.  From  d  the  gas  enters  the  counter- 
nirrent  cooling  apparatus  B,  which  may  be  termed  a  "pre- 
:ooler,"  and  is  then  conveyed  by  the  inner  pipe  e,  through 
B.  to  a  second  and  similar  ai)i)aratus  C,  which  will  he. 
jailed  a  liquilier.     The  gas  passes  through  the  inner  pipe 


vapor  enters  the  exterior  pipe  k  and  proceeds  to  the  coils 
uf  the  refrigerator  D.  In  passing  through  the  liquifier, 
hi-at  is  taken  up  by  the  cold  mixture  from  the  compressed 
gas  in  pipe  /,  which  runs  in  the  direction  of  the  expan- 
sion valve  g,  thereby  liquifying  the  gas.  The  transfer 
of  heat  in  the  liquifier  should  be  carried  to  the  extent  that 
the  CO,,  when  entering  the  refrigerator,  is  at  the  de- 
sired temperature.  This  can  be  regulated  as  desired  by 
means  of  by  pass  valves  ni  and  //.  If  a  lower  temperature 
is  needed,  rit  is  opened  and  also  //.  Less  gas  will  pass 
through  the  refrigerating  coil  D,  but  it  will  be  of  lower 
temperature.  Having  passed  through  the  refrigerator, 
where  heat  has  been  taken  up  from  the  body  to  be  re- 
frigerated, the  refrigerant  now  enters  the  exterior  pipe  o 
of  the  precooler,  where  still  more  heat  is  taken  up  from 
the  refrigerant,  which  is  going  toward  the  liquifier.  From 
the  precooler,  it  retu'-ns  to  the  compressor  at  nearly  the 
temperature  of  the  cooling  water.  In  this  system  it  will 
be  possible  to  get  any  desired  temperature  in  the  re- 
frigerator between  that  of  the  cooling  water  and  a  point 
somewhat  above  the  solidifying  or  freezing  point  of  the 
refrigerant  without  any  other  change  in  the  arrange- 
ment than  some  adjustment  of  the  expansion  valve  g 
and  the  bypass  valves  iii  and  /(.  With  this  regenerating 
process,  the  refrigerant  can  l)e  li(|uified  at  any  practical 
pressure.  The  back  pressure  (low  pressure)  may  be  any- 
thing desired.  The  process  is  also  practical  when  the 
cooling  water  is  of  relatively  high  temperature  and  should. 
on  this  account,  be  of  special  value  in  hot  countries.  The 
system  should  lend  itself  particularly  to  small  refrigerat- 
ing plants  and  also  to  special  low  temperatures.  It  is 
practically  out  of  the  question  to  operate  a  very  small 
compressor  continuouslv  against  a  pressure  of  over  1000 
lb. 

While  the  above  process  is,  so  far  as  the  author  knows, 
original  with  him,  it  is  not  entirely  new.  Several  years 
ago,  he  had  the  opportunity  to  carry  on  research  work  on 
an  extended  scale  in  connection  with  low  temperatures, 

7b  Atmosphere 
'^^Safefy  Valve 


Re  fn'gera  for 


L  icjvi'fier 
Klli.   'i.    OlACIfAM   OI-   .\l'I-,Mf ATI'S   !■ 


'  to  the  expansion  val\c  y.  In  pipe  f  the  gas  or  va])or 
s  condensed  into  the  iicpiid  state  at  a  comparatively  low 
ii|)erature.  In  passing  the  expansion  valve  f],  under  a 
•eduction  of  ])ressure,  part  of  the  liquid  is  evaporated  to 
■eiliice  it  to  the  temperature  existing  in  part  of  the 
liquifier.      From    the    valve,    tile    mixture    ol   liquid    anil 


Cooler  Comp^Siior  i-o-*.-, 
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where  large  quantities  of  many  of  the  so  called  ]ierinanent 
gases  were  liquified,  including  atmos])heric  air.  Some 
compound  gases,  such  as  the  air.  illuminating  gas  and 
even  gases  from  combustion  in  an  ordinary  furnace,  were 
eleaned  and  separated  into  their  coin])onent  parts  bv 
niean,>;  of  partial  liquification.     Even  15  years  ago,  it  was 
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quite  plain  to  the  writer  and  others  connected  with  this 
kind  of  work  that  great  improvement  iu  the  efficiency 
of  liquificatiou  cycles  could  be  obtained  by  precooling 
the  liquid  refrigerant  before  expansion.  In  this  way,  it 
was  possible  to  liquify  air  at  a  pressure  of  about  800 
II).  or  even  less;  whereas  3500  lb.  had  been  used.  With- 
out the  regenerating  process,  it  would  have  been  neces- 
sary to  use  a  pressure  of  10,000  to  12,000  lb.  per  sq.in. 

Carbonic-acid  refrigerating  machines  are  taking  a 
prominent  part  in  the  refrigeration  of  ships  today,  sup- 
planting both  the  ammonia  and  dense-air  machines. 
There  seems  to  be  no  reason  why  their  use  should  not 
be  extended  to  railroad  refrigeration  on  a  large  scale. 
They  possess  many  qualities  which  the  ammonia  machine 
lacks  and,  with  some  further  improvement  in  their  ther- 
mal  efficiency,  and  the  reduction  of  the  working  pres- 
sures to  practical  limits,  they  should  prove  to  be  a  for- 
midable, if  not  superior,  rival  of  the  latter. 

[The  new  refrigerating  cycle  described  iu  this  article 
is  intended  to  be  based  on  the  construction  of  the  ma- 
chines used  for  manufacturing  liquid  air,  and  while  such 
a  system  for  practical  refrigeration  would  require  a  great 
deal  of  power  per  refrigerating  unit,  it  is  here  presented, 
as  the  suggestion  on  reducing  the  operating  pressure  may 
be  worthy  of  some  consideration. — Editor.] 


Ammonia  gas  from  leaks,  due  to  the  breaking  of  a 
pipe,  tlange  or  fitting,  when  there  are  lights  or  any  other 
open  flame  present,  may  ignite  and  fill  the  entire  engine 
room  for  a  few  seconds  with  fire.  Such  accidents  can 
positively  be  prevented  by  having  nothing  but  incandes- 
cent lamps  in  the  engine  room. 

The  breaking  of  compressors  may  be  due  either  tc 
leaving  the  stop  valve  in  the  discharge  pipe  shut  wheli 
starting  up,  or  to  dropping  a  valve  into  the  compressor. 
The  former  class  of  accident  may  be  prevented  by  in- 
stalling the  usual  bypass  and  safety  valve.  To  prevent 
the  latter  class  of  accident,  use  valves  having  hollow 
stems  wherever  possible.  Anneal  the  valves  every  year 
and  throw  them  away  after  they  have  been  in  use  five 
years. 

The  breaking  of  crossheads  in  steam  engines  is  usually 
due  to  water  in  the  cylinder  and  may  be  prevented  by 
superheating  the  steam  or  installing  an  efficient  steam 
separator  close  to  the  engine. 

The  following  rules  may  be  worth  remembering: 

Don't  use  a  compressor  which  has  been  used  for  am- 
monia compression,  for  compressing  air. 

Don't  calk  a  fitting  while  under  ammonia  pressure. 

Don't  stand  in  front  of  a  steam  cylinder  or  compres- 
sor unless  it  is  absolutelv  necessarv. 


Avoidable    Accidents   in   Refrigerating 
Plants  * 

By  Louis  Block 

It  is  the  custom  to  test  ammonia  piping  with  air  pres- 
sures of  from  250  to  300  lb.  per  sq.in.  before  charging 
the  system  with  ammonia.  The  inexperienced  operator 
is  apt  to  meet  with  an  explosion,  when  the  air  tempera- 
ture reaches  500  deg.,  and  this  may  occur  as  soon  as  the 
pressure  has  reached  110  lb.  The  usual  mode  of  pro- 
cedure is  to  lubricate  the  cylinders  in  the  ordinary  man- 
ner with  mineral  oil.  which  is  thereafter  to  be  used  in  the 
refrigerating  system.  This  oil  is  eventually  discharged 
by  the  compressor  into  the  piping,  where  it  lodges  in  some 
pocket,  and  finally  when  a  sufficient  high  temperature 
reaches  this  pocket,  is  vaporized  and  ignited. 

I  advise  covering  the  cylinder  walls  with  a  thin  coat- 
ing of  lard  oil,  using  the  hand  to  apply  it;  then  com- 
pressing up  to  100  lb.  and  stopping  long  enough  to  allow 
the  compressor  to  cool;  then  running  up  to  150  lb.,  and 
again  stopping  to  let  the  compressor  cool.  After  this 
the  compressor  should  be  operated  at  a  slow  speed  and 
•stopped  as  soon  as  the  discharge  pipe  becomes  so  hot  as  to 
make  it  impossible  to  keep  one's  hand  on  it  for  a  period 
of  a  minute. 

A  number  of  operating  engineers  have  the  habit  of 
pouring  hot  water  over  the  ammonia  shipping  drums  to 
facilitate  the  charging  of  the  ammonia  into  the  system 
and  some  that  have  a  steam  jet  handy  let  steam  impinge 
against  the  drum,  or  they  sometimes  wrap  cloth  around 
it  and  stick  the  end  of  the  steam  hose  under  the  cloth. 
If  the  engineer  turns  off  the  valve  on  the  pipe  connec- 
tion between  the  shipping  drum  and  the  charging  pipe 
and  goes  to  lunch,  forgetting  to  turn  off  the  steam,  the 
drum  will  probably  explode. 


Rating  a  Compressor 

The  French  Association  of  Kefrigeration,  in  the  BuUe' 
tin  of  the  International  Association,  expresses  the  wish 
that  the  following  definitions  should  be  adopted: 

1.  The  normal  power  of  a  refrigerating  machine  is 
the  number  of  frigories*  it  can  absorb  in  one  hour  for 
gas  temperatures  of  77  deg.  F.  at  the  condenser,  59  deg. 
I',  at  the  expansion  valve  and  14  deg.  F.  at  the  refrig- 
erator. 

2.  The  specific  volumetric  production  is  the  number 
of  frigories  really  absorbed  at  the  refrigerator  by  each 
cubic  meter  of  gas  drawn  in  by  the  compressor. 

3.  The  volumetric  efficiency  is  the  relation  between 
the  number  of  frigories  really  produced  by  the  suction 
of  the  unit  of  volume  of  vapor  and  the  number  corre- 
sponding to  the  cycle  of  Carnot. 

4.  The  specific  economical  production  by  the  number 
of  frigories  produced  per  indicated  horsepower  of  the 
compressor. 

5.  The  economical  yielding  by  the  report  of  the  spe- 
cific economical  production  similar  to  that  of  a  machine 
realizing  the  cycle  of  Carnot. 

Ice  Machine  Racing 

In  reference  to  the  inquiry  on  this  point,  appearing  in 
the  Dec.  24  issue,  it  has  been  vay  experience  on  a  150- 
ton  compressor  that  after  a  certain  speed,  which  will  vary 
a  little  with  different  suction  pressures,  enough  gas  will 
not  be  obtained  through  the  suction  valves  to  fill  the  cyl- 
inder to  its  full  capacity.  The  cylinder  not  being  filled 
to  its  capacity,  there  is  less  gas  to  compress  and  less  work 
to  do.  so  that  the  engine  will  tend  to  run  away.  I  have 
had  an  engine  race  badly  by  speeding  up  an  overloaded 
machine  in   an  attempt  to  get  more  work  out  of  it. 

Revere,  Mass.  R.  B.  Rowe. 


•Abstract   of   paper    read   before   the   American   Society   of 
Refrigerating  Engineers,  New  Yorlt  City. 


*One   frigory   per   hour   equals    0.00033    American    tons   per 
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Caring  for  Condenser  Apparatus 

Many  engineers  carry  too  high  a  vacuiun  in  condensers 
serving  reciprocating  engines  and  too  low  a  vacuum  in 
condensers  serving  turbines. 

Because,  under  usual  conditions,  it  is  difficult  to  main- 
tain a  satisfactory  degree  of  vacuum  without  paying 
careful  and  constant  attention  to  the  condensing  ap- 
paratus, some  think  that  the  higher  the  vacuum  main- 
tained the  better  it  speaks  for  the  engineer  in  charge. 
Theory  shows,  and  practice  proves,  that,  with  reciprocat- 
ing engines  operating  under  everyday  conditions,  there  is 
a  decided  gain  in  the  economy  or  water  rate  of  the  con- 
densing engine  up  to  a  vacuum  of  between  26  and  27 
inches.  Tests  of  a  5o00-hoi-sepower  engine  at  the  Water- 
side station  of  the  Xew  York  Edison  Co.,  made  during 
190i,  showed  that  when  the  vacuum  was  increased  from 
25.3  to  27.3  inches,  the  water  rate  decreased  only  0.06 
pound  per  indicated  horsepower.  The  tests  and  the  re- 
.sults  may  be  considered  typical  of  what  may  be  expected 
of  any  reciprocating  condensing  engine.  The  operating 
engineer  should  remember  that,  with  degrees  of  vacuum 
of  over  27.5,  or  at  most  28  inches,- the  increased  loss  due 
to  cylinder  condensation  goes  far  toward  nullifying  the 
gain  due  to  a  better  vacuum.  Cylinder  condensation  is 
caused  by  the  alternate  heating  and  cooling  of  the  cyl- 
inder walls  at  each  stroke  of  the  engine.  On  the  ex- 
haust stroke,  the  cylinder  is,  of  course,  cooled  consider- 
ably and,  when  live  steam  is  admitted  and  encounters 
comparatively  cold  cylinder  walls,  it  gives  lip  a  part  of  its 
heat,  which,  neglecting  the  small  amount  restored  by  re- 
evaporation  during  expansion,  is  lost  as  far  as  doing 
useful  work  is  concerned. 

As  we  all  know,  the  condensate  should  be  returned  to 
the  boilers  at  as  high  a  temperature  as  possible  con- 
sistent with  the  best  degree  of  vacuum.  The  higher  the 
vacuum  carried,  the  lower  will  be  the  temperature  of  the 
condensate  or  hotwcll  water.  For  example,  at  26  inches 
vacuum  the  temperature  will  be  125.38  degrees  Fahren- 
heit, at  27  inches  115.06  degrees,  or  a  drop  of  10.32  de- 
grees. The  drop  in  temperature  from  27  to  28  inches 
vacuum  is  13.91  degrees  and  from  28  to  29  inches  it  is 
22.08  degrees.  Knowing  that  ordinarily  every  ten  de- 
grees rise  in  the  temperature  of  the  feed  water  decreases 
the  coal  consumption  one  per  cent,  we  realize  the  import- 
ance of  not  maintaining  too  high  a  vacuum.  The  tem- 
perature of  the  hotwell  water  will  nearly  always  he  below 
ibc  figures  given  ai)Ove  on  account  of  water  leaking 
llirougli  the  tubes  and  of  other  causes. 

With  turbines,  cylinder  or  initial  condensation  is  prac- 
.lically  nil,  as  the  high-  and  low-pressure  ends  of  the 
machine  are  at  a  constant  temperature  as  long  as  the 
initial  steam  pressure  and  the  vacuum  are  kept  con,stant. 
Obviously,  then,  there  is  no  limit  to  the  degree  of  vac- 
uum that  may  be  economically  carried  on  a  turbine. 

.Vfter  all,  a  condenser  may  be  considered  as  a  heat 
exchanger,  wherein  water,  by  direct  or  indirect  contact 


with  steam,  absorbs  heat  from  it.  The  more  perfect  the 
heat  absorption,  or  exchange,  the  more  perfect  the  vac- 
tium. 

In  conden.ser  practice,  the  chief  obstacle  to  creating 
and  maintaining  a  high  vacuum  is  the  presence  of  air 
in  the  condenser.  To  insulate  a  steam  pipe,  the  aim  is 
to  surrotmd  the  pipe  with  a  film  made  of  cells  of  dry 
"dead"  air.  Because  air  is  an  excellent  thermal  in- 
sulator, it  is  as  detrimental  in  a  condenser  as  it  is  good 
in  a  steam-pipe  covering. 

As  the  steam  condenses  in  a  surface  condenser,  much 
of  the  air  in  the  steam  is  liberated  and  left  behind.  As 
the  process  continues,  the  density  of  the  air  surrounding 
the  tubes  increases,  forming  an  insulator  for  the  tubes 
— the  density  increasing  as  the  bottom  rows  of  tubes  are 
approached. 

While  the  purpose  of  the  air  pump  is  to  remove  air 
from  the  condenser,  the  engineer  should  make  sure  that 
it  is  not  removing  air  from  the  condenser  that  could  be 
kept  out  of  it  by  carefully  guarding  against  leaks.  When 
the  air  pump  is  worked  unnecessarily  hard,  it  means 
wear  and  tear  of  the  pump  and  a  higher  steam  consump- 
tion, which  is  serious  in  any  condensing  plant. 

In  most  condensing  plants,  much  of  the  air  gets  into 
the  condenser  through  small  but  numerous  leaks  in  the 
condenser  shell  and  piping.  The  feed  water  is  also  a 
conveyor  of  air,  although  it  is  claimed  that  where  open 
feed-water  heaters  are  used  the  air  going  to  the  con- 
denser with  the  steam  is  greatly  reduced. 

The  sealed  glands  of  the  turbine  and  air  pumps  admit 
air  if  the  seal  pressure  is  below  normal.  The  results 
of  tests  made  to  determine  the  amount  of  leakage  at 
the  seals,  were  brought  out  in  a  discussion  of  a  paper 
!)y  George  A.  Orrok,  on  ''.Vir  in  Surface  Condensation." 
recently  presented  to  the  .Vmcrican  Society  of  Jrccluiiiical 
Engineers. 

In  the  installation  tested,  the  condensers  were  of  ibc 
Jet  type,  serving  a  2000-kilowatt  turbine.  At  no  load, 
and  with  no  steam  on  the  seals,  86  cubic  feet  of  free 
air  per  minute  entered  the  condenser;  a  corrected  vac- 
uum of  26.6  inches  was  maintained.  At  about  80  per 
cent,  rated  load,  and  with  no  pressure  on  the  seals,  91 
cubic  feet  of  free  air  per  minute  leaked  into  the  con- 
deiKser,  causing  the  vacuum  to  fall.  With  normal  i)rcs- 
siirc  <in  111!'  glands,  the  leakage  fell  to  58  cubic  feet  and 
llic  MiciiuMi  ro.se  to  over  28  inches. 

To  gel  an  idea  of  the  amount  of  air  leaking  into  large 
condensing  turbines,  Mr.  Orrok's  accounts  of  tests  in  this 
direction  are  indeed   valuable  and   interesting. 

For  units  between  5000  and  20,000  kilowatts,  the 
amount  of  air  disciuirged  by  the  vacuum  pumps  varies 
from  one  cubic  foot  per  minute  (free  air),  when  the 
units  are  in  the  best  condition,  to  15  or  20  cubic  feet, 
when  ordinary  leaks  occur.  When  the  units  are  in  bad 
condition,  the  air  handled  by  the  air  pumps  varies  fnmi 
30  to  50  cubic  feet  per  minute.  The  above  figures 
show  how  necessary  it  is  to  guard  against  air  leaks. 
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There  is  also  too  great  a  tendency  for  engineers  not 
to  allow  sufficient  temperature  difference  between  the 
inlet  and  outlet  circulating  water.  The  aim  should  be 
lo  make  the  water  absorb  as  much  heat  as  possible,  con- 
sistent with  maintaining  a  high  vacuum.  When  this  is 
not  done,  the  steam  consumption  and  the  deterioration 
Oi  the  circulating  pump  are  necessarily  increased. 

Steam,  inlet  and  outlet  circulating-water  temperatures, 
time  and  vacuum  readings,  taken  at  short  intervals  and 
recorded  on  a  proper  log  sheet,  are  about  the  best  means 
available  for  knowing  how  well  the  condensing  apparatus 
is  operating. 

Another  thing  the  engineer  should  bear  in  mind  is 
this:  The  cost  per  kilowatt  of  high-vacuum  apparatus 
; J  creases  much  more  rapidly  than  the  increase  in  vac- 
uum maintained  by  the  apparatus. 

After  Coal— What? 

The  yearly  production  of  vegetable  matter  on  the  earth 
is  estimated  at  32,000,000,000  tons,  which  if  burned 
would  Yield  a  quantity  of  heat  equal  to  that  obtainable 
from  18,000,000,000  tons  of  coal — that  is  to  say,  eighteen 
times  as  much  heat  as  is  furnished  by  all  the  coal  now 
mined  in  Europe  and  America. 

Is  it  not  to  be  supposed  that  -is  production  of  plant 
sub.stances  may  be  so  increased  and  intensified  in  selected 
regions  as  to  supply  all  the  fuel  we  can  possibly  want  in 
the  future?  We  are  uov.-  using  for  fuel  purposes  fossil 
solar  energy  in  the  form  of  coal.  Why  not  ut'lize  in.stead 
live  solar  energy? 

Plants  should  be  made  lo  store  up  solar  energy  for  con- 
version into  mechanical  energy.  The  kind  of  plants  used 
is  of  no  consequence.  They  may  be  grasses  or  trees; 
they  may  grow  in  swamps  or  dry  places,  on  the  seacoast 
or  even  in  the  sea.  The  essential  point  is  that  they  shall 
grow  fast  or  that  their  growth  shall  be  accelerated. 

The  production  of  plant  substances  over  all  the  land 
surfaces  of  the  earth  averages  one  ton  to  the  acre.  By 
intensified  culture  it  could  be  made  four  tons.  This  on 
one  square  mile  would  amount  to  2560  tons,  correspond- 
ing to  about  IJrOO  tons  of  coal. 

In  an  epoch  soon  to  arrive  the  harvest  of  fuel  plants 
<lried  by  the  sun  may  be  converted  entirely  into  gas  for 
fuel  purposes,  separating  out  the  ammonia,  to  be  re- 
turned to  the  soil  as  nitrogenous  fertilizer,  together  with 
all  the  mineral  substances  contained  in  the  ashes.  The 
gas  thus  obtained  may  be  burned  on  the  spot  in  gas  en- 
gines or  otherwise  and  the  mechanical  energy  genera*:ed 
by  this  meanc  be  transmitted  over  great  distances  or 
utilized  in  any  way  that  seems  advisable.  Even  the  car- 
bonic acid  resulting  from  combustion  could  be  returned 
10  the  fields,  so  that  the  latter  may  lose  nothing  of  their 
productiveness. 

By  this  method  the  radiant  energy  of  the  sun  may 
be  made  to  furnish  low-priced  mechanical  energy,  plants 
(instead  of  the  mirrors  with  which  promising  experi- 
ments are  now  being  made  in  Egypt  and  Peru)  being 
iised  as  accumulators. 

Few  people  have  any  notion  of  the  vast  quantity  of 
live  solar  energy  available  for  use.  In  the  tropics  with 
a  day  of  six  hours'  sunshine,  the  sun  delivers  upon  one 
square  mile  per  day  an  amount  of  heat  equal  to  that  ob- 
tainable from  the  burning  of  2500  tons  of  coal.  A  sur- 
face of  10.000  square  miles  receives  in  a  year  at  this  rate 


a  quantity  of  heat  equivalent  to  the  burning  of  9,000,000,- 
000  tons  of  coal — which  is  nine  times  the  total  amount 
cf  coal  mined  in  Europe  and  America  in  a  twelve-month. 
The  Desert  of  Sahara,  with  an  area  of  2,280,000  square 
n.iles,  receives  daily  solar  ene'-gy  equal  to  6,000,000,000 
tons  of  coal. 

Compared  with  this  live  solar  energj-  the  quantity 
stored  up  by  plants  in  ancient  geologic  epochs  in  the 
fcrm  of  coal  is  trifling. 

Recent  discoveries  of  science  have  proved  that  sunlight 
itself  may  be  utilized  to  develop  immense  energy,  ac- 
lordingly  it  is  suggested  by  Professor  Ciamician  that 
desert  regions  of  the  tropics,  where  conditions  of  soil  and 
climate  render  it  impossible  to  grow  crops,  shall  be  made 
to  employ  the  sun's  rays  through  the  medium  ofj  photo- 
electric batteries,  or  even  photochemical  batteries,  deliver- 
ing energj'  equal  to  that  of  billions  of  tons  of  coal. 

Solar  energy  is  not  evenly  distributed  over  the  surface 
of  the  earth.  There  are  privileged  regions  in  the  tropics 
which  would  become  vastly  prosperous  if  the  sun's  rays 
were  suitably  employed.  Even  now  the  strongest  na- 
tions are  rivaling  one  another  in  the  conquest  of  the 
lands  of  the  sun  as  if  unconsciously  looking  to  the 
future. 

Where  vegetation  is  profuse,  solar  energy  may  be  uti- 
lized through  plant  gro^vth  for  industrial  purposes — that 
is  to  say,  for  the  production  of  mechanical  power.  In 
desert  regions  unadapted  to  any  kind  of  cultivation,  photo- 
chemistry will  artificially  put  the  sun's  rays  to  practical 
uses. 

On  arid  lands  will  "spring  up  industrial  colonies  with- 
out smoke  and  without  smoke-stacks.  Forests  of  glass 
tubes  will  extend  over  the  plains. 

Coal  offers  to  mankind  solar  euergj^  in  its  most  con- 
centrated form.  Indeed,  modern  civilization  may  be  said 
to  be  the  daughter  of  coal.  But  the  supply  of  coal  is 
not  inexhaustible  and  every  ton  of  it  taken  out  of  the 
earth  leaves  just  that  much  less  for  the  future  needs  of 
the  world.  Hence  it  is  that  today  we  are  looking  about 
us  so  anxiously  for  some  other  source  of  fuel. 

John  Fritz 

What  may  be  accomplished  by  earnest  endeavor  is 
strikingly  shown  in  the  life  of  John  Fritz,  a  sketch  of 
which  is  given  on  page  284. 

At  the  age  of  sixteen,  with  wliat  today  would  be  con- 
sidered a  very  meager  education,  he  entered  upon  h;s 
mechanical  career.  The  production  of  iron  by  modem 
methods  had  just  begun,  steel  was  practically  unheard 
of,  and  structural  steel  was  unborn.  To  commercially 
])roduce  steel  required  more  knowledge  than  the  chem- 
irtry  of  it ;  machines  subject  to  exceptional  strains  and 
stresses,  and  the  design  of  which  was  unusual  were  re- 
quired. The  Bessemer  and  Siemens-Martin  processes 
v.'ere  tantalizingly  slow  in  practical  development,  and 
American  firms  were,  therefore,  handicapped  in  com- 
peting with  foreign  manufacturers.  Mr.  Fritz,  more, 
than  anyone  else,  was  responsible  for  the  successful  de- 
velopment of  these  important  proeeses  in  the  great  steel 
industry  of  this  country. 

Engineering  and  scientific  societies  the  world  over  have, 
honored  him,  and  both  they  and  the  steel  industry  willj 
feel  the  loss  of  one  active  for  nearly  a  century  in  engi 
neering  progress. 
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Improper  Boiler  Repair 

That  improper  boiler-repair  work  is  sometimes  clone  if 
the  workmen  are  not  carefully  watched,  is  shown  by  the 
following : 

One  of  the  main  1%-in.  diagonal  stays  was  found  to  be 
tracked  half  wav  through  in  the  shank  weld,  as  shown  in 
Fig.  1. 

The  brace  was  taken  out  and  another  made,  using  the 
old  one  as  a  pattern.  The  stay  had  a  thread  cut  on  the 
end  going  through  the  front  head  and  was  held  in  place 
by  a  4-in.  washer,  both  on  the  inside  and  outside  of  the 


Drjff  P:n  Crack 


Fig.   1.    Cracked  Djagonal  Stay 
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Fig.  2. 


Showing  Poor  Alignment  of  Holes  in  Plate 
AND   Stay 


front  head.  The  nuts  were  set  up  solid,  making  the 
stays  fast  to  the  front  head,  while  the  rivet  holes  were 
marked  on  the  end.  Then  the  stay  was  taken  out,  the 
holes  drilled  and  the  stay  put  back.  Noticing  that  the 
holes  did  not  come  even  with  the  old  ones,  as  showr  in 
Fig.  2,  by  the  dotted  line,  I  spoke  to  the  repair  man 
about  it.  He  laughed,  saying  that  he  would  so'.'n  fix  it. 
As  I  expected,  ho  was  going  to  "fix  it"  l)y  using  a  drift 
pin  and  a  heavy  slodgo  hammer,  but  I  insisted  that  he 
hammer  the  shank  until  it  had  increased  'n  Ifiigtli  /V 
in.,  making  it  long  enough  for  the  holes  to  register. 

This  incident  illustrates  the  necessity  of  the  plant  en- 
gineer closely  observing  the  repair  work  being  done  in  his 
plant  by  outside  men. 

A.  C.  Waldkox. 

lievcre,  Mass. 

Value  of  Engine  Inspection 

The  value  of  a  systematic  inspection  of  engines  is  fre- 
quently shown  by  the  inspection  reports.  A  recent  in- 
spection of  a  15  and  30  by  18-in.  high-speed  compounil- 
condensing  engine  revealed  the  fact  tliat  the  higli-jircs- 
Sure  piston  head  had  an  opening  about  V2  '"•  '"  •liiim- 
eter  through  the  side,  and  a  little  probing  with  a  wire 


showed  a  much  larger  hole  on  t'.'.e  opposite  crank-end  side.. 
The  head  was  of  the  plain  type  without  bull  ring  or  fol- 
lower plate,  the  chambers  being  cored  out  to  lighten  it. 
Q'he  piston  was  taken  out,  and  a  light  tap  with  a  hammer 
enlarged  the  hole  to  about  1%  iu-  iu  diameter.  It  was. 
then  seen  that  the  walls  of  the  piston  were  very  thin,  and 
lying  at  the  bottom  of  the  chamber  was  a  piece  of  steeli 
about  %  in.  thick,  and  11/4  i"-  s^quare. 

An  examination  of  the  chamber  showed  the  source  from 
which  the  steel  plate  came.  When  making  up  the  mold 
for  this  casting  the  found ryman  had  to  support  the  core 
that  is  used  to  form  the  hollow  ( hamber.  To  do  this  he 
used  a  small  piece  of  metal,  known  as  a  chaplet.  When 
the  metal  is  potired  it  Hows  all  around  this  chaplet,  so 
that  it  becomes  practically  a  i)art  of  the  casting.  In  this 
case  the  piece  of  steel  was  much  larger  thau  it  should 
h.ave  been,  and  did  not  unite  with  the  cast  iron.  When 
the  machinist  removed  the  metal  from  the  face  of  the 
piston  he  cut  through  the  chaplet  leaving  the  inside  piece 
loose,  which  fell  down  inside  the  chamber,  and  by  being- 
so  rattled  due  to  the  motion  of  the  piston  had  finally- 
made  a  hole  through  the  side  of  the  casting. 

In  this  case,  no  great  harm  was  done,  only  some  steam 
lo.^t,  but  if  the  chaplet  had  worn  the  hole  large  enough 
to  allow  the  chaplet  to  get  through  and  fall  between  the 
moving  pi.ston  and  the  cylinder  heads  it  would  have  un- 
doubtedly caused  trouble.  The  in.spection  in  this  case 
showed  the  defect  before  serious  harm  was  done. 

Arthur  Clifton. 

Joliet,  III. 


Belt  Measuring  Kink 

Mo.st  engineers  are  familiar  with  the  ditficulties  of  ac- 
curately measuring  the  length  of  a  belt  with  a  string, 
especially  when  the  shafting  is  in  motion.     Due  to  the 


Mkasi'uixg   for  Length  of  Belt  with  NoN-ioLA.irio 
Tai'k 

pmount  of  stretili  (unknown)  of  the  string,  this  nuiho(l 
of  measuring  is  a  .sort  of  hit-or-miss  proposition. 

These  inaccuracies  may  lie  overcome  by  using  a  steel 
measuring  tape,  as  shown  in  the  illustration. 

To  measure,  tie  the  string  ,1  to  the  ring  B,  which  is 
on  the  end  of  the  tape,  pass  the  tape  around  the  station- 
ary pulley  (^  and  the  string  around  the  runniii'j  |nil!ey  D, 
note  the  reading  of  the  tape  at   K.  add  the  string  length 
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BE,  and  obtain  the  length  of  the  belt.  The  knotted  looj) 
F  is  to  facilitate  holding  the  string  on  the  running  pulley. 
When  measuring,  the  loop  should  be  held  l>et\veen  the 
fngers ;  it  is  dangerous  to  slip  the  fingers  into  the  loop. 

Charles  Heerm.\iV. 
Xew  York  City. 

Placing  a  Large   Suction  Pipe 

The  acLonipanyiiig  illustration  shows  how  a  48-in.  suc- 
tion pipe,  24  ft.  long,  of  a  large  pumping  engine  was 
handled  iinder  difficult  circumstances.  It  was  made  in 
two  parts;  the  bottom  piece  was  10  ft.  i)  in.  long,  bell- 
shaped  at  the  bottom  and  flanged  at  the  top.  The  up- 
per section  was  13  ft.  3  in.  long  and  weighed  7  tons. 
As  the  building  had  been  erected  and  the  roof  and  other 
floors  finished,  it  was  necessary  to  pass  those  pipes 
through  a  hole  in  the  foundation's  wall.  Some  idea  of 
the  size  and  position  of  the  pipe  after  entering  the  hole 
is  shown  in  Fig.  1. 

A  platform  was  erected  on  top  of  the  pump  cham- 
bers to  hold  the  hoisting  crab,  which  was  held  in  posi- 
tion by  tying  to  a  214-in.  eye-bolt,  screwed  into  the  top 
of  one  of  the  adjoining  pump  chambers ;  also  by  passing 
a  length  of  2y2-'^^-  pipe  through  the  openings  in  the 
crab  and  through  two  eye-bolts  in  the  top  of  the  cham- 
bers. As  the  suction  well  was  only  12  ft.  square,  with 
smooth  vertical  walls,  and  an  opening  4  ft.  square  in 
the  center  of  the-"floor,  it  was  necessary  to  place  the  lower 
half  of  pipe  in  a  nearly  correct  position,  so  that  there 
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would  be  as  little  moving  as  possible  when  making  the 
final  connections,  to  the  pump. 

An  elevation  of  the  suction  well  is  shown  in  Fig.  2 
with  the  floor  above.  In  hoisting  the  pipe  two  tackles 
were  used.  The  tackle  block  was  inverted,  and  the  hoist- 
ing rope  passed  through  a  snatch  block  to  the  hoisting 


crab.  Two  pieces  of  %-in.  steel  cable  were  used  for 
slings.  Three  turns  were  made  around  the  pipe  and  two 
turns  of  the  sling  were  jDassed  over  the  hook  of  the  tackle 
block,  the  third  turn  was  made  to  haul  taut  to  prevent 
slipping  when  lowering  the  pipe. 

After  lowering  as  far  as  conditions  would  allow,  the 
load  was  shifted  to  the  second  tackle,  and  the  hoisting 
tackle  made  fast,  as  shown  by  the  dotted  lines,  Fig.  2. 
The  elbow  was  then  hoisted  into  position  over  the  lower 
section  of  the  pipe,  a  gasket  put  in  place,  and  the  pipes 


Fig.  2.    Putting  the  Pipe  in  the  Pip 

bolted  together  and  connected  to  the  condenser  and  stop 
valve.  The  suction  pipe  was  moved  to  its  correct  position 
by  iivdraulic  jacks.  After  the  final  connections  were 
made,  the  opening  in  the  wall  was  closed  with  cement. 

John  F.  jSTagle. 
Troy.  N.  Y. 

Problem    in  Power  Plant  Economics 

A  local  company  built  an  addition  to  its  factory  and  at 
that  time  its  plant  consisted  of  a  5-ft.  hoi'izontal  return- 
tabular  boiler  and  a  four-valve  engine  of  150  hp.  This 
engine  was  running  at  about  00  r.p.m.  and  cutting  off  at 
1/1  stroke. 

When  the  power  equipment  for  the  new  addition  came 
up  for  consideration,  the  management  decided  to  use 
individual  motors  on  the  large  machines  and  to  group  the 
small  machines  so  as  to  be  driven  by  one  motor.  A 
250-kw.  alternating-current  generator  was  purchased  and 
was  to  be  driven  by  the  same  engine  that  was  formerly 
used.  Another  5-ft.  horizontal  tubular  boiler  was  also 
jiurchased. 

The  heads  of  the  firm  wore  told  at  the  time  they  bought 
this  generator  that  the  engine  was  working  at  its  most 
economical  point  of  cutoff  and  that  it  would  not  carry 
the  load  of  this  generator.     The  management   claimed 
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that  the  engine  would  take  care  of  the  load  from  the  new 
addition  without  any  trouble. 

As  the  new  addition  was  started  up  one  floor  at  a 
time  the  load  came  on  gradually,  but  there  finally  came 
a  day  when  the  fireman  could  not  hold  the  steam  up  to 
110  lb.  for  more  than  a  half  hour  at  a  time.  The  maker 
of  the  engine  was  then  asked  to  send  a  man  to  indicate 
tlie  engine. 

The  first  diagrams  taken  showed  that  the  engine  was 
developing  230  hp.  From  the  diagrams  it  was  difficult 
to  tell  where  the  admission  or  cutofE  took  place,  in  fact, 
thev  could  have  been  easily  drawn  with  a  square  and  a 
pencil. 

The  man  from  the  engine  manufacturer  advised  speed- 
ing the  engine  up  to  118  r.p.m.  and  increasing  the  steam 
pressure  to  130  lb.  Xow  the  question  is,  outside  of  danger 
from  flywheel  accident,  due  to  overspeeding  the  engine, 
and  knowing  that  the  engine  will  do  its  work  most  eco- 
nomically at  1/4  cutoff,  is  it  cheaper  to  run  it  overloaded, 
taking  steam  at  more  than  three-quarters  stroke  every 
revolution,  or  would  it  be  cheaper  to  buy  a  new  engine? 

L.  W.  Chadwick. 

Bridgewater.  Mass. 

Combined    Supply  and  Discharge   for 
Tank  . 

The  illustration  shows  a  simple  arrangement  of  pip- 
ing _and  fittings  for  a  tank  where  it  is  desired  to  aiito- 
matically  prevent  overflow,  and  at  the  same  time  permit 
the  use  of  a  single  pipe  to  serve  for  both  supply  and 
discharge  line. 

Referring  to  Fig.  1,  the  pipe  A  extending  through  the 
bottom  or  side  of  the  tank  has  on  its  inside  end  a  bal- 
anced lever  valve  B  operated  by  the  float  C  in  the  usual 
manner. 


F1&.  1  SINGLE  PIPE  AS  SUPPLY  AND  DISCHAp&E  LINE  OF 
WATER  TANK 

Obviously  if  the  float  valve  alone  is  used  the  pipe  .1 
could  not  be  used  a.s  a  discharge  pipe  after  tlic  float  has 
closed  the  valve  unless  other  means  were  used  to  open 
the  valve.  To  overcome  this  difficulty  the  tee  D  is 
inserted  and  a  bypass  run  into  the  tank,  as  shown.  In 
the  bypass  there  is  a  check  valve  E  so  placed  that  the 


water  can  flow  from  the  tank,  but  not  in  the  reverse  di- 
rection. 

When  the  water  reaches  its  highest  level  in  the  tank 
both  vavles  will  be  closed,  preventing  overflow.  If  now 
the  source  of  supply  is  cut  off  and  an  outlet  from  the 
pipeline  opened  the  pressure  will  fall  at  the  discharge 
end  of  the  check  valve,  and  the  water  will  flow  freely 
through  the  bypass  as  well  as  through  the  float  valve 
\\hen  the  float  has  dropped  sufficiently  to  open  it.  A 
sectional  view  of  the  float  valve  is  shown  in  Fig.  2. 

I  have  used  this  arrangement  in  an  accumulator  tank 
for  gas-engine  cooling  water,  providing  for  continuous 
operation  while  the  circulating  pumps  are  shut  down 
for  short  periods,  and  in  this  case  there  was  effected  a 
saving  corresponding  to  the  cost  of  700  ft.  of  8-in.  sep- 
arate   return    pipe. 

W.  S.  Mayers. 

Fairmont.  W.  Va. 


•  Boiler  Graphite  Feeder 

The  accompanying  illustration  shows  the  receiver  and 
piping  made  for  use  in  connection  with  the  boiler-feed 
pump  to  deliver  graphite  to  the  boilers.  This  arrange- 
ment works  very  well,  as  it  not  only  feeds  the  graphite 
to  the  boilers  in  the  most  desirable  manner,  but  it  so 
well  lubricates  the  packing  in  the  pump  that  the  pack- 
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ing  gives  from   two   to   three  times   the   service  that    it 
did  before  using  graphite. 

To  flll  the  receiver,  first  open  valve  A  and  the  air  cock 
/;.  also  open  valve  C  to  let  the  water  out  of  the  receiver. 
When  it  is  empty,  valve  C  should  be  closed.  Mix  the 
graphite  with  water  until  thin  enough  to  pour  through 
the  funnel  D.  When  the  receiver  is  full,  close  the  valves 
A  and  B.  open  valve  E,  and  regulate  the  feed  of  graphite 
by  opening  valve  F  as  much  as  is  required. 

As  seen  from  the  illustration,  this  3-in.  receiver  and  its 
connections  may  be  easily  made  by  the  engineer  from 
[lipe  and  fittings  found  about  the  plant. 

.T.  W.  SpArLOiXG. 

Seattle,    Was!). 

K 

The  American  Sock-ly  of  Mechanical  Engineers  will  under- 
write $5000  or  Ha  proportionate  share.  In  connection  with  the 
International  ConKregs  to  be  held  In  San  Francisco  In  1915. 
provided  the  other  American  aoclctleB  make  similar  provision. 
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QUESTIONS     BEFORE    THE     HOUSE 


Four  Pass  Boilers 

The  plan  of  usiug  four  passes  in  steam  boilers,  referred 
to  in  the  September  17  issue,  is  open  to  objections  great- 
er even  than  the  greater  draft  required,  the  additional 
baffle  to  be  kept  tight,  the  larger  setting  and  conse- 
quent greater  infiltration  of  air,  etc.,  which  were  men- 
tioned. 

Most  important  is  that  the  additional  surface  will  not 
as  a  rule  pav  for  itself.  This  may  be  demonstrated  from 
facts  cited  in  the  editorial,  since  it  states  that  the  addi- 
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those  given  on  the  chart.  .\s  this  second  set  of  figures 
shows  that  the  temperature  at  the  end  of  the  first  pass 
was  800°  F.  and  at  the  end  of  the  third  pass,  500°, 
about  the  same  as  in  the  first  boiler;  the  distribution  of 
the  temperature  betw'eeu  these  two  points  probably  coin- 
cided also.  That  a  fourth  pass  would  help  in  either 
boiler  appears  doubtful. 

If  tlie  fourth  pass  is  obtained  by  greater  subdivision 
of  the  existing  surface,  the  draft  resistance  will  be 
increased  considerably  without  a  great  increase  in 
lieat  absorption,  and,  if  we  provide  for  the  fourth 
pass  by  installing  longer  tubes  and  more  surface  per 
boiler  horsepower,  the  question  is:  AVill  the  extra  sur- 
face repay  its  own  upkeep  charges?  All  information 
on  the  maintenance  charges  of  boiler  surface  indicates 
that  the  answer  should  be  "No". 

Several  authorities  give  12  per  cent,  as  the  proper 
figure  to  be  allowed  for  depreciation,  repairs  and  up- 
keep on  the  boilers  and  equipment,  and  adding  5  per 
cent,  for  interest  on  the  investment,  the  total  charge 
comes  to  17  per  cent.  The  cost  of  boilers  installed  com- 
plete is  rarely  less  than  $2  per  sq.ft.,  so  that  the  apnual 
charge  on  each  square  foot  is  34c. 

Assuming  that  the  additional  fourth  pass  is  to  reduce 
the  flue  gas  temperature  by  25  to  50°  F.,  it  will  have 
to  contain  at  least  2  sq.ft.  of  surface  per  boiler  horse- 
power. (The  low  rate  of  absorption  in  the  last  pass,  it 
might   be   mentioned,   is   due  to   the  gases  more  nearly 
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Fig.  1.  Curve  of  Temperature  A^ariatiox  through 
A  Boiler  Furnace 

tional  fourth  pass  will  reduce  the  temperature  of  the 
gases  by  25  to  50°  F.  This  may  sound  large  in  degrees 
but  does  not  show  up  so  much  when  reduced  to  percent- 
age of  fuel  saved,  for  with  the  ratio  of  air  to  fuel  or- 
dinarily attained  in  good  practice  nowadays,  25  to  50°  F. 
drop  in  the  flue  gases  means  only  1  to  2i/i>  per  cent,  of 
fuel. 

If  the  fourth  pass  be  obtained  simply  by  putting  in 
more  baffles  in  an  existing  boiler,  that  is  reducing  the 
surface  in  the  first  three  passes  to  accommodate  the 
fourth,  it  is  doubtful  whether  the  expected  reduction  in 
terminal  temperatures  will  be  realized,  since  there  is  no 
more  boiler  surface  than  before,  and  the  only  factor  tend- 
ing to  a  greater  heat  absorption  is  the  increased  veloc- 
ity of  the  gases.  On  the  other  hand,  greater  draft  will 
undoubtedly  be  required,  since  the  intensity  of  draft 
required  increases  as  the  square  of  the  velocity  and  as  the 
amount  of  surface  in  the  walls  of  the  gas  passages. 

Pig.  1  shows  temperature  readings  taken  in  a  boiler 
of  the  B.  &  AA'.  type,  operated  at  about  nominal  capacity, 
that  is,  10  sq.ft.  to  the  boiler-horsepower,  and  fitted 
■with  three  passes,  the  third  and  last  pass  containing 
some  23  per  cent,  of  the  total  surface.  If  the  ther- 
mometers are  to  be  trusted  the  reduction  in  temperature 
in  the  third  pass  is  only  some  40°.  I  have  figures  relat- 
ing to  another  boiler,  and  shown  on  the  boiler  outline 
Fig.  2,  which,  while  not  taken  at  so  many  different 
points  in  the  path  of  the  gases,  agree  fairly  well  with 


Fig.  2.  TEAiPEiiATURES  Found  at  Points  Indicated  in 

A   AV.\TER-TUBE   BOILEK 

approaching  the  temperature  of  the  water  and  steam| 
within  the  boiler,  so  that  the  temperature  head,  to 
which  the  flow  of  heat  from  the  gases  to  the  water  is 
directly  proportional,  is  very  low.)  Two  feet  of  surface 
at  34c.  per  ft.  is  68c.  per  year  annual  charge.  Grant- 
ing that  2  per  cent,  of  the  coal  will  be  recovered  by 
these  2  ft.  and  assuming  that  4  lb.  of  coal  was  originally 
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consumed  per  boiler  liorscpower-hour,  and  that  the  boiler 
is  operated  at  full  load  for  ten  hours  per  day,  300  days 
per  year,  the  coal  saving,  with  $3  coal  will  amount  to 

4  X  10  X  300  X  0.02  X  3 


2000 


=  #0.3(5 


which  is  not  enough  to  pay  the  annual  charges  upon  the 
additional  surface,  not  to  mention  the  greater  impediment 
to  the  draft,  the  greater  difficulty  of  keeping  the  longer 
lubes  tight  and  clean,  the  greater  resistance  offered  to  the 
circulation  of  the  water  through  the  tubes,  etc. 

The  objection  may  be  raised  here  that  the  deteriora- 
tion of  heating  surface,  in  this  last  pass,  subjected  as  it 
is  to  only  moderate  temperatures,  will  not  be  as  great  as 
in  the  rest  of  the  boiler,  but  as  the  surface  is  in  most 
boilers  integral  with  those  parts  of  the  tubes  exposed  to 
the  hottest  gases,  it  will  have  to  be  discarded  with  them 
when  they  are  burnt  out  and  hence  must  bear  the  same 
charge  for  depreciation  and  repairs. 

The  editorial  states  that  the  increased  draft  through  a 
four  pass  boiler  will  not,  at  the  most,  be  greater  than 
the  draft  necessary  for  a  three-pass  boiler  with  an  econ- 
omizer, which,  taken  with  the  remainder  of  the  editor- 
ial, leads  to  the  inference  that  the  fourth  pass  is  as  good 
as,  or  to  be  preferred  to,  the  economizer.  Such,  how- 
ever, is  far  from  correct,  since  an  equivalent  amount  of 
economizer  surface  installed  in  place  of  the  additional 
boiler  surface  would  show  much. greater  results,  due  to 
the  lower  temperature  of  its  contents  and  consequently 
greater  rate  at  which  heat  would  be  absorbed.  If  the 
temperature  of  the  gases  leaving  the  boiler  is  500°  F., 
and  the  temperature  of  the  water  and  steam  within  the 
boiler  is  370°  F.,  a  temperature  head  of  only  130°  is 
available.  But  pass  the  same  gases  through  an  economi- 
zer receiving  water  at  100°  F.,  and  a  maximum  tempera- 
ture head  of  400°  is  possible.  In  other  words,  per  square 
foot,  the  economizer  surface  will  recover  three  times  as 
much  heat,  and  since  it  costs  less  in  the  first  place  and 
does  not  deteriorate  so  rapidly,  will  pay  more  thaii  three 
times  the  return.  As  a  matter  of  fact,  in  installing  an 
economizer  it  would  not  be  good  practice  to  stoj)  with 
two  square  feet  per  boiler  horsepower  since  satisfac- 
tory profits  can  be  earned  upon  a  much  larger  amount  of 
surface.  In  the  present  example  it  would  probably  pay 
to  reduce  the  temperature  of  the  gases  to  300°  F.,  rais- 
ing the  temperature  of  the  feed  water  to  200°  F. 

Furthermore,  the  most  recent  practice  appears  to  be 
toward  curtailing  boiler  surface,  rather  than  increasing 
it,  and  many  designers  believe  that  it  does  not  pay  to 
install  more  than  4  to  6  sq.  ft.  per  boiler  horsepower  out- 
put at  maximum  load.  Under  these  conditions  the  gases 
will  leave  the  iioiler  at  57.-)  to  05(1°  F.  and  the  feed  water 
will  be  delivered  to  the  boiler  from  the  cccinomizcr  at 
upward  of  250°  F. 

New  York  City.  Oeo-  H.  (imsoN. 

Importance    of  Furnace  Efficiency 

In  the  article  by  Joseph  Harrington,  which  appeared 
ill  the  Dec.  17  issue  of  Powi;ii,  the  argument  was  made 
that  the  heat  balance  from  a  l)oiler  trial  should  be  made 
oil  the  basis  of  coal  as  fired.  While  computations  ba.sed 
on  coal  as  fired,  including  tiie  moisture  in  the  fuel  would 
give  the  true  elTicicncy  of  the  boiler,  furnace  and  grate 


for  one  particular  case,  the  results  could  not  be  applied 
to  compare  the  economy  of  a  boiler  with  the  same  fuel 
but  with  different  equipment;  neither  could  the  fuel  un- 
der test  be  compared  with  other  fuels.  The  amount  of 
moisture  in  a  fuel  as  fired  depends  to  a  considerable 
extent  on  conditions  of  transportation  and  storage  which 
cannot  be  controlled.  For  the  correct  comparison  of 
boiler  trials  the  various  economy  and  efficiency  results 
should  be  based  on  the  dry  fuel  as  fired.  Then,  to  repre- 
sent the  results  under  the  conditions  of  the  test  as  actual- 
ly carried  on,  the  economy  and  efficiency  computations 
should  also  include  results  on  coal  as  actually  fired,  in- 
cluding moisture. 

The  boiler  code  of  1912  submitted  by  the  Power  Test 
Committee  of  the  American  Society  of  Mechanical  Engi- 
neers gi\'es  the  economy  results  in  terms  of  the  evapora- 
tion from  and  at  212  deg.  F.  per  pound  of  wet  coal  fired, 
per  pound  of  dry  coal  and  per  pound  of  combustible. 
These  same  comparisons  should  be  carried  out  under 
the  heading  of  efficiency  and  also  the  final  heat  balance 
should  be  based  on  wet  coal  as  fired,  on  dry  coal  and  on 
the  combustible.  The  combustible  is  obtained  by  sub- 
tracting the  ashes  and  other  noncombustible  matter  in 
the  coal,  which  passes  through  the  grate  or  is  removed 
during  cleaning,  from  the  dry  coal. 

A.  A.  Potter. 

Maiiliattan.  Kan. 


Equalizing  Cutoff  without  Dashpot 
Troubles 

In  the  Nov.  5  issue.  E.  P.  Haines  discusses  the  matter 
of  equalizing  the  cutoff  throughout  the  range  of  the  gov- 
ernor. He  tells  how  this  was  accomplished,  but  states 
that  the  trouble  with  the  dashpots  was  not  entirely  over- 
come even  with  the  special  construction  of  the  knockofE- 
cam-arms  and  the  head-end  hook  lever.  If  Mr.  Haines 
will  turn  to  page  293.  of  the  Feb.  9,  1909,  issue  of  Power, 


U 


n 


n  B  r 


he  will  find  a  very  sim]ile  means  for  getting  an  equaliza- 
tion of  ciitoif  without  any  amioyaiicc  whatever  from  dash- 
pot  troiiiile. 

<;.   I).  Livingston. 

Miiiii('a])olis,  Minn. 

I 'riic  manner  of  equalizing  the  cutoir,  referred  to,  as 
described  in  the  letter  in  the  Feb.  9.  1909,  issue,  is,  es- 
s'iiitially,  as  folios: 

To  get  the  crank -end  valve  to  stay  open  longer  at  full  load 
and  close  sooner  at  lljrht  load,  the  lower  end  A  of  the  gov- 
ernor rocker-arm,  operatlnp;  the  cam  of  the  crank-end  valvo 
was  made  longer.  To  determine  the  proper  length  of  tho 
lower  end  of  A,  a  piece  of  Iron  B.  about  %x%x3  In.,  was 
drilled  to  be  bolted  to  the  arm  The  slot  was  used  to  attach 
the  governor  reach-rod.  By  taking  a  diagram  at  a  light 
load  and  one  at  a  heavy  load  the  necessary  length  was  easily 
determined.  A  new  rocker-arm  was  then  cast,  the  lower  end 
of  which  was  madi-  as  long  as  the  experiment  Indicated  was 
necessary. — Rdltor]. 
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Boiler  Walls — Should  the   walls   of  a  boiler  setting  be  hol- 
low or  solid? 

W.    E.    T. 
Recent    tests    by    the    Bureau    of    Mines    indicate    that    there 
is  no  advantage  in  hollow  over  solid  walls.     The  latter  show 
less  loss  of  furnace  heat  by  convection  than  hollow  walls. 


ValTe  Slam — Hov 

pump  be  prevented? 


can   "valve  slam"  on  the   wate 


W. 


H.   W. 

By  putting  an  air  chamber  on  the  suction  pipe.  If  the 
intake  water  is  received  under  pressure,  the  chamber  should 
be  put  near  the  pump.  If  the  water  is  taken  from  a  well  or 
cistern,  a  foot  valve  should  be  used  on  the  suction  pipe  and 
the  air   chamber   connected   near   the   surface   of  the   water. 


Stopping  Corliss  Engines — What  is  the  proper  way  to  stop 
and  start  a  high-speed  Corliss  engine?  Should  both  the -steam 
and  exhaust-valve  rods  be  unlatched? 

G.     F. 

To  stop  a  single  Corliss  engine,  so  that  it  will  be  off  cen- 
ter when  it  comes  to  rest,  it  is  advisable  to  unhook  the  wrist 
plate.  Ii'  it  is  a  double  eccentric  engine,  it  is  usually  only 
necessary  to  unhook  the  steam  valve  when  stopping  or 
starting. 


.Vdvantage  of  Smoke  Flue  Coverlne — What  would  be  the 
atvantage  of  covering  the  flue  and  uptake  of  a  boiler  with 
2  in.  of  asbestos? 

F.    G. 

It  would  make  the  boiler  room  cooler  and  might  increase 
the  capacity  of  the  stack.  The  best  draft  is  with  a  chimney 
temperature  of  620  deg.  F..  and.  if  the  gases  are  now  deliv- 
ered to  the  stack  at  less  than  that  temperature,  the  velocity 
of  the  chimney  gases  would  be  increased.  If,  as  is  more 
than  likely,  the  stack  temperature  is  already  above  620 
deg.  P.,  there  would  be  no  advantage  in  the  covering  other 
than  to  make  the  boiler  room  cooler. 

Pnmp  l.lftlngr  'Warm  W'nter — If  a  plung.er  pump  is  placed 
close  to  its  supply  tank  and  6  ft.  above  it,  can  it  lift  water 
at   150  deg.    F.? 

J.   P.   F. 

Neither  a  plunger  pump  nor  any  other  type  can  "lift" 
water  under  pressure  of  the  atmosphere  at  150  deg.  F.,  a 
height  of  6  ft.,  because  the  vapor  given  off  by  the  water  at 
that  temperature  when  the  pressure  above  it  is  reduced,  de- 
stroys the  vacuum  created  by  the  pump.  Sufficient  difference 
between  the  pressure  of  the  atmosphere  acting  on  the  sur- 
face of  the  water  in  the  tank  and  that  in  the  suction  pipe 
cannot  be  maintained   to  raise  the  water   6   ft. 


if  the  driven  pulley  is  the  one  inclined  to  slip,  the  lap  should 
be  run  the  opposite  way.  The  same  is  true  if  the  belt  Is 
where  It  is  likely  to  be  wet  and  the  point  of  the  lap  become 
loose  from  the  inside  of  the  belt,  as  then  it  would  be  apt  to 
be  turned  up  or'  away  from  the  belt  as  it  strikes  either  pulley. 
Generally,  the  governing  condition  is  which  pulley  is  most 
inclined  to  slip  and  then  the  lap  should  be  run  in  the  direc- 
tion that  will  tend  to  keep  it  laid  against  the  belt. 


Pump  Horsepoiver — What  horsepower   is  required  to   pump 
210   gal.   of  water  per   minute   against  a  pressure   of  S6.S   lb.? 

N.  K.   F. 
The  water  pumped  per  minute.   210   gal.,   is  equal  to 
210    X    231    =    48,510  cu.in. 
Pumping  12  cu.in.  against  86.8  lb.  per  sq.in.   pressure  is  doing 
S6.S    ft.-lb.    of    work.       Therefore,    pumping    48,510    cu.in.    per 
min.   against  this  pressure   is   a  work  of 
48,510    X    86.8 


12 


350.889    ft.-lb.    per    mln., 


33,000 


Running  I,ap-jolntcd  Belts — When  a  belt  has  a  cemented 
lap  joint,  which  way  should  the  lap  point  with  respect  to  its 
direction  of  motion? 

H.   N.   Q. 

Many  prefer  to  put  the  end  of  the  inside  lap  so  that  it 
travels  toward  the  pulley,  then  any  slip  of  the  driving  pulley 
would    tend    to    wipe    the   joint    down    to    position.      However. 


Burning  Wood  and  Coal — With  which  is  there  the  least 
waste  of  combustible  matter,  in  the  burning  of  wood  or  coal? 

J.    D. 

Ordinarily,  there  will  be  less  waste  of  combustible  matter 
when  burning  wood  under  a  boiler,  for,  when  burning  coal, 
there  is  more  chance  that  some  of  the  combustible  matter 
will  not  be  reached  by  the  heat  of  the  fire.  Recovery  of  the 
good  fuel  passing  through  the  grates  is  easier  with  wood 
than  with  coal,  as  the  unburned  part  is  more  easily  separated 
from  the  ashes.  With  a  proper  regulation  of  the  air  supply, 
there  can  be  as  complete  combustion  with  one  fuel  as  w^ith 
the    other. 


Safety    Valre    Sl»e — What    governs    the 
safety  valve  for  a  given  boiler? 


size    of 


This  is  determined  by  the 
be  carried  on  the  boiler.  A 
valve  size  is; 


grate  area  and  the  pressure   to 
very    good    formula   for    safety 


Area   of  valve   in    sq.in.; 
Area  of   grate    in   sq.ft.; 
Absolute   pressure   in   lb. 
sure   plus   15   lb. 


gage    pres- 


Compresslon  Space  In  Pump — \\'hat  amount  of  cushion 
space  is  required  in  a  pump  to  prevent  the  piston  striking 
at  the  end  of  the  stroke? 

W.    H.    W. 

The  proper  cushion  space  will  depend  on  the  speed  of  thi- 
pump  and  the  weight  of  the  reciprocating  parts.  No  rule 
can  be  laid  down  for  calculating  the  compression  space.  It 
must  be  determined  for  every  design  and  service  of  pump 
by  experience.  In  some  pumps,  such  as  fire  pumps,  which 
are  driven  at  a  high  piston  speed,  the  compression  can  be 
regulated  by  adjusting  the  compression  or  cushion  valves  to 
permit  more  or  less  of  the  compressed  steam  to  escape  to  the 
exhaust.  The  first  item  on  page  672  of  May  7,  1912,  issue, 
illustrates  the  cushion  valves  of  a  pump  cylinder  and  explains 
their  function  and  action. 


Testing  Squareness  of  Engine  Shaft — How  can  the  shaft  of 
a  horizontal  engine  be  tested  to  see  that  is  square  with  the 
guides  and  the  center  line  of  the  cylinder? 

J.     R.     C. 

Stretch  a  horizontal  line  (flsh  line  is  best)  taut  over  the 
center  of  the  guides  and  cylinder,  making  it  fast  to  fixed 
supports  at  each  end.  Test  it  for  exact  position  by  dropping 
a  plumb  line  beside  it  (always  on  the  same  side)  and  shift 
it  until  it  is  exactly  parallel  with  the  engine  center  line. 
Then  stretch  another  horizontal  line  at  right  angles  with 
the  first  and  touching  it.  putting  it  as  nearly  as  possible  with 
the  eye  directly  over  the  center  of  the  shaft.  To  get  the  two 
lines  perpendicular  to  one  another,  measure  from  their  inter- 
section 3  ft.  along  one  line  and  4  ft.  along  the  other.  Mark 
these  two  points  by  sticking  needles  through  the  lines.  When 
the  lines  are  at  right  angles,  the  distance  between  the  needles 
will  be  exactly  5  ft.  Any  other  multiples  of  these  dimensions. 
3.  4  and  5.  as  30,  40  and  50,  may  be  used,  or  any  distances 
bearing  the  same  ratio.  When  the  two  lines  are  at  right 
angles,  a  plumb  line  dropped  from  the  line  over  the  shaft 
touching  it  (always  on  the  same  side)  should  hang  the  same 
distance  from  the  center  line  of  the  shaft  wherever  it  is 
dropped.  If  it  does  not,  the  outboard  bearing  should  be 
shifted  until   it  does. 
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Mexsuratiox — PAra'  IV 
Polygons 

A  polygon  is  a  plane  fifjure  inclosed  bv  any  number  of 
straight  lines. 

Thus  triangles,  rectangles,  hexagons  and  octagons  are 
examples  of  polygons.  A  polygon  is  said  to  be  regular 
when  all  its  sides  and  the  angles  formed  by  the  sides  are 
equal.  A  regular  polygon  is  shown  in  Fig.  1.  An  irregu- 
lar polygon   is   one   whose   sides   or   angles   are    not   all 


iiiiiiiiiiiiiiiillliiiiiiiiii iiiiiiiiiiiiiiiiii I iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiinii luiiiiiiiiiiiiiiiiiiiiiiin; 


Area  EBC  is 


Fig.  1 


tqual.     Such  a  polygon  is  shown  in  Fig.  3. 

The  perimeter  of  a  figure  is  the  total  length  of  its 
sides  or  boundary. 

At  a  glance  we  can  see  that  it  is  much  easier  to  meas- 
ure the  area  of  Fig.  1  than  of  Fig.  2,  because  all  the 
angles  in  Fig.  1  are  equal,  and,  having  laid  off'  the  tri- 
angle BCO  and  found  its  area  by  multijilying  BAC  by 
one-haK  of  AO,  we  simply  multiply  by  the  total  number 
of  triangles  to  get  the  area  of  the  polygon.     With  the 


irregular  polygon,  we  must  divide  it  into  triangles,  as  was 
done  in  Fig.  2,  i)cfore  we  can  readily  find  the  area.  The 
student  should  always  study  clo.«eIy  an  irregular  polygon 
before  laying  off  the  triangles,  as  the  aim  is  to  make  as 
few  triangles  as  possible. 

Lot  Fig.  2  represent  a  piece  of  sheet  iron  and  let  it  be 
required  to  find  the  area. 

Wo  have  three  triangles,  with  the  areas  as  follows: 

Area  BAPJ  is 

11  X  13       143       ^,   _ 

~ =  -—    =71.5  sf/.ni. 


16  X  13       208       ^^,, 


Area  DCE  is 


15  X  0       00 


The  total  area  of  the  polygon  is 

n.5  +  104  +  45  =  220.5  sq.in. 

This  method  may  be  applied  to  any  irregular  polygon. 

Suggestion:  Find  what  it  would  cost  to  lay  a  concrete 
floor  for  an  engine  room,  shaped  as  an  irregular  polygon. 
The  cost  of  such  flooring  will  average  25c.  per  sq.ft. 

Prisms  and  Cylinders 

A  prism  is  a  solid,  whose  bases  are  polygons  and  whose 
sides  are  parallelograms. 

Prisms  are  of  many  kinds,  i.e.,  they  are  rectangular, 
triangular,  hexagonal,  etc.,  according  to  the  form  of  their 


bases.  Many  water  and  other  kinds  of  tanks  may  be 
considered  as  prisms.  Kectangular  prisms  are  shown  in 
Figs.  3  and  4.     Fig.  4  is  called  a  cube. 

A  cylinder  is  a  body  whose  ends  form  parallel  circles 
and  which  is  of  uniform  diameter.  A  cylinder  is  not 
a  prism. 

Areas  are  figured  in  square  measure,  as  .square  inches 
or  square  feet  ami  volumes  arc  figured  in  cubic  measure, 
as  cubic  inches  or  cubic  feet. 

We  learned  in  our  lesson  on  denominate  nunibois,  Nov. 
2fi  issue,  that  a  unit  of  volume  such  as  the  cubic  inch,  is 
the  volume  of  a  cube  wliose  sides  are  1  sq.in. 

To  illu.strate  this  unit  of  volume,  consider  the  cube. 
Fig.  5,  the  edges  of  which  measure  12  in.,  the  area  of 
a  side  will  bo 

Area  =  base  X  altitude 
or 

12X12=  144  sij.in. 

We  see  that  the  cube  is  divided  into  twelve  slices,  eadi 
slice  containing  144  sq.in.     As  Fig.   5  has  twelve  such 
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slices,  coiitaiuiiig  144  sq.iii.  each,  the  whole  cube,  or  culiic 
foot,  contains 

144  X  1-  =  l'^38  cuAn. 

Thus,  to  reduce  cubic  iuches  to  cubic  feet,  we  divide  liy 
1728  aud  to  reduce  cubic  feet  to  cubic  inches,  we  multiply 
by  1738. 

From  the  above,  we  may  form  the  rule  for  finding  the 
\olume  of  a  prism  or  of  rectangular  vessels.  The  term 
cidncal  contents  means  the  same  as  volume. 

Rule:    Multiply  the  area  of  the  base  by  the  altitude. 

Example:  How  many  gallons  of  water  will  a  rect- 
angular water  tank  18  "ft.  long,  7  ft.  high  aud  Itt  ft. 
wide  contain':'     One  U.  S.  gallon  contains  231  cu.in. 

The  volume  of  the  tank  is 

18  X  10  X  '5'  =  1360  cii.ft. 

The  number  of  gallons  contained  is 

1260  X  1728       „,„.,-       , 
;,33^ =  !l42o.4o  ynl. 

Example:  If  there  is  a  load  of  1236  lb.  on  the  .-sup- 
ports holding  the  empty  tank,  what  will  be  tlie  load  sup- 
ported when  the  tank  is  full  of  water?  Water  weighs 
8.33  lb.  per  gal.  at  62  deg.  F.    The  total  load  is 

(9425.45  X  8-33)  -f  1236  =  79,750  lb. 

The  lateral  area  of  a  prism  is  the  total  area  of  its  sides 
or  faces,  except  its  ends  or  bases. 

To  find  the  lateral  area. 

Rule:  Multiply  the  perinieler  of  the  hasp  by  tlir  al- 
titude. 

Example:  We  are  to  line  the  tank  in  the  previous 
example,  with  zinc.  Allowing  22  sq.ft.  additional  area 
for  the  overlap  at  the  seams,  how  many  square  feet  of 
zinc  will  we  need? 

The  perimeter  being 

(IS  -f  10)   X  2  =  56  ft. 
the  lateral  area  is 

56   X   7  =  392  sq.ft. 
.vdding  the  area  of  the  bottom 

18  X  10  =  180  sq.ft. 
and  the  22  sq.ft.  for  the  seam  laps,  tlie  total  area  of  zinc 
needed  is 

392  +  180  +  32  =  594  sq.ft. 

The  convex  area  of  a  cylinder  is  equivalent  to  the  area 
of  the  rectangle  that  would  be  formed  l)y  spreading  out 
the  side  of  the  cylinder,  as  in  Fig.  6,  although  in  Fig. 
6  only  one-half  of  the  side  is  showoi  spread  out.    We  see. 


Fig.   6 

from  this,  that  the  rule  for  finding  the  convex  area  of  a 
cylinder  will  be 

Rule:    Multiply  the  circumference  by  the  altitude. 

Example :  For  surface  condensers  serving  turbines,  3.5 
s-q.ft.  of  cooling  surface  is  sometimes  allowed  per  kilo- 
watt. According  to  this  rating,  what  capacity  turbo- 
generator could  be  served  by  a  surface  condenser  having 
7020  tubes  14  ft.  by  0.75  in.  ? 


The  circumference  of  one  tube  is 

0.75  X  3.1416  =  2.36  in. 
The  convex  area  of  one  tube  is 

14  X  12  X  3-36  =  396.48  sq.in..  or  2.75  +  sq.ft. 
The  capacity  of  the  condenser  would  be 
7020  X  2.75 


3.5 


=  5515.6  kw. 


Example:  At  a  steam  consumption  of  12.8  lb.  per 
kw.-hr.  for  the  turbine,  how  many  pounds  of  steam  would 
the  condenser  handle  per  hour? 

5515.6  X  12.8  =  70,609.68  lb.    i^ns. 

Examples  for  Practice 

(1)  (a)  How  many  gallons  of  water  will  be  contained 
in  a  water-works  standpipe  18  ft.  in  diameter  by  125  ft. 
high  ? 

(b)  Making  no  allowances  for  losses,  in  what  time  will 
the  standiJipe  be  filled  by  a  duplex  pump  having  30-in. 
phuigers,  34-in.  stroke,  each  of  the  two  plungers  making 
18  strokes  per  aninute? 

A  rule  sometimes  given  for  finding  the  water  capacity 
of  a  return-tubular  boiler  is : 

Find  I  the  volume  of  the  shell  and  from  this  subtract 
the  volume  of  all  the  tubes. 

(2)  Example:  What  is  the  water  capacity  in  cubic 
inches  of  a  boiler  18  ft.  by  72  in.  with  72  three-inch 
lubes? 

(a)  Capacity  in  gallons? 

(b)  Capacity  in  pounds? 

Due  to  an  error  in  pointing  off  the  number  of  decimal 
places  in  the  example  (Feb.  4  issue)  for  finding  the 
firea  of  a  safety  valve,  by  the  Massachusetts  formula,  an 
answer  of  21/2  in.  instead  of  3.77  in.  was  obtained  for 
the  diameter  of  the  valve. 

As  applicants  for  engineers'  licenses  are  usually  called 
upon  to  w'ork  out  this  formula,  the  example  given  in  the 
Feb.  4  issue  is  fully  worked  out  below. 

Massachusetts  safety-valve  area  formula: 
W  X  70  X  11 
P 

A  =  Area  of  valve  in  square  inches  for  each  square 

foot  of  grate  surface; 
W  =  Pounds    of   water    evaporated   per    second    per 

square  foot  of  grate  surface; 

P  =  Absolute  pressure  per  square  inches  at  which 

valve  is  to  open. 

Example :     A  boiler  has  30  sq.ft.  of  grate  surface,  a 

combustion  rate  of  20  lb.  of  coal  per  square  foot  of  grate 

j^er  hour,  evaporation  of  10  lb.  water  per  pound  of  coal; 

gage  pressure  100  lb.    What  size  safety  valve  is  required? 

30  X   20  =  600  lb. 
coal  burned  per  hour. 

600  X  10  =  6000  lb. 
water  evaporated  per  hour. 

6000       ^  ^.,  „ 
3600  ^^•*^'^*- 

v.'ater  evaporated  per  .second. 

1.67  -f-  30  =  0.05567  lb. 
water  evaporated  per  square  foot  of  grate  per  second. 
Substituting,  we  have, 

,       0.05567x70x11       ,,  .,^,„ 
A  =  -— =  0.3728  sq.in. 

area  of  valve  for  one  square  foot  of  grate. 
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As  there  are  30  .sq.ft.  of  grate,  the  area  of  the  valve 
will  be: 

0.3728  X  30  =  11.184  sq.in. 
The  diameter  of  a  valve  of  11.184  .-^q.iu.  area,  will  be 
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(11.184  .,   ^^    . 

\  (17851  -'■""■ 
A  1-in.  vahe  would  be  the  proper  size  valve  to  install. 

Boiler  Capacity   Required  to  Heat  a 
Swimming  Pool 

By  .1.  1'.  Li.sK 

As  a  general  rule  the  operating  engineer  of  a  power 
plant  is  not  interested  in  the  design  of  swimming  pools, 
but  he  is  interested  in  the  boiler  power  it  requires  to  heat 
one  up  ready  for  use,  if  it  so  happens  that  he  has  sueh  a 
heat  consumer  attached  to  his  plant.  Heating  the  water 
in  the  pool  from  40  to  80  deg.  F.  is  the  average  require- 
ment in  practice,  and  the  time  taken  varies  from  four  to 
eight  hours,  depending  on  local  conditions. 

.\  boiler  horsepower  is  equivalent  to  the  evaporation 
of  34.5  lb.  of  water  from  a  feed-water  temperature  of  212 
deg.  F.  into  dry  steam  of  the  same  temperature.  A  British 
thermal  unit  is  the  quantity  of  heat  required  to  raise  the 
temperature  of  one  pound  of  water  one  degree  at  its 
greatest  density.  The.se  units  were  used  in  determining 
the  constants  in  the  following  rules  for  finding  the  boiler 
horsepower  required  in  any  case  in  which  the  rise  in  tem- 
perature is  40  deg. 

When  the  quantity  of  water  in  the  pool  is  given  in 
pounds,  muttiply  by  O.OOlii. 

When  in  gallons,  multiply  by  ii.nl. 

When  in  cubic  feet,  multiply  by  0.07'>. 

In  each  case  divide  by  the  number  of  hours  in  which 
the  work  is  to  be  done. 

When  the  rise  in  temperature  is  more  or  less  than  lit 
deg.,  the  formulas  given  below  may  Ije  used. 


Hp.  = 


(/.,  —t)  X  fi  X  P 


Hp. 


Hp.   = 


r  X  r 

(/.,  - 

-  i)Xh  X<(X  (t 

r  X  r 

{h- 

-t)xh  xi'X  r 

I'X  T 


(1) 


t  =  Initial  temperature  of  water ; 
<2  =  Final  temperature  of  water : 
/(  =  Quantity  of  heat  to  raise  one  pound  of  water 

one  degree  in  temperature  =  1  B.t.u. : 
U  =  Units  of  heat  in  one  boiler  horsepower  =  33.- 
479; 
Hp.  =  Boiler  horsepower  to  do  the  required  work  ; 
T  =  Time  in  hours  in  which  the  work  is  to  be  done; 
P  =  Weight  of  water  in  pounds ; 
G  =  Quantity  of  water  in  gallons; 
('  =  Quantity  of  water  in  cuiiic  feet; 
a  :=  Pounds  in  gallon  of  water  =  8.335; 
b  =  Pounds  in  cubic  foot  of  water  =  62.35. 
Formula  (1)  is  to  be  used  when  the  quantity  of  water 
is  given   in   pound.s.   formula    (2)    when    in   gallons  and 
formula    (3)    when   the   quantity   is   expressed    in   cubic 
feet. 


Out  on  the  Pacific  Coast  the  engineering  folks  are  much 
perturbed  over  what  they  call  the  "Heteh  Hetchy"  project. 
Just  what  is  this  project,  and  why  the  perturbation?  We've 
heard  of  the  hootchee-kootchee,  read  of  the  hari-kari  and 
fraternized  with  the  hunyadi.  but  somebody  must  put  us  hep 
to  this  hetch  hetchy  thing,  .\nything  like  beri-beri  or  tum- 
niyache? 

.Apropos  of  ailments,  the  Civic  Fedei'ation  wise  guys  say 
we  of  the  laboring  classes  are  physically  going  into  the  dis- 
card if  we  don't  watch  out.  There's  boiler  maker's  deafness, 
hatter's  shakes,  potter's  rot.  painter's  colic  and  wrist-drop, 
caisson  worker's  bends,  match  maker's  phossy-jaw,  brass 
worker's  chills,  glass  blower's  cataract  and  miner's  asthma. 
Phew!  We're  some  ailing.  .Skipping  the  hookworm,  who 
overlooked  the  blind  staggers,  the  botts  and  the  housemaid's 
knee? 

Sydney  Pickles  (real  name)  has  pulled  the  heinz  over  all 
the  other  well  known  varieties  by  "reaching  a  height  of  7200 
ft.  in  his  airship.  "  No.  Eustace,  there  was  nothing  the  matter 
with  Pickles'  feet  as  he  was  walking  down  the  street.  When 
you  saw  Syd,  he  was  bound  for  the  hangar — you  know,  the 
stable  where  they  tie  tip  an  airship  and  bed  it  down. 

Mr.  Livergood  has  resigned  as  chief  engineer  for  the  Cen- 
tral Illinois  Public  Service  Co. — "Electric  Railway  Journal." 
Now.  don't  get  personal.  We  are  just  turning  the  lights  on 
Mr.  Livergood.  as  he  is  going  into  the  electrical  business  for 
himself.     May  he  live  a  good  long  life,  and  prosper. 


This  is  "old  home"  week  with  our  engineering  humorists, 
and  proves  that  your  Uncle  Spill  is  not  all  there  is  to  a  jing- 
ling jest  and  joyous  jumble.  We  have  with  us  this  evening. 
Brother  Pattison.  of  Lexington.  Ohio,  who  will  say  a  few 
wcrds: 

Hex  Nut — How's  the  old  head.  Cy  Under?  Where  were 
you  yesterday? 

Cy — I  went  to  the  races.  1  saw  the  Engine  race  and  the 
Mill  race,  but  best  of  all  was  the  Run  of  the  Mine.  Anthra- 
cite Coal  was  coming  up  hard  when  she  leaped  out  of  the 
shafts  and  landed  in  a  heap  on  the  track.  They  took  An 
out  to  crush'er  and  she's  been  nutty  ever  since.  .An's  brother 
Bi  was  also  entered,  but  he  was  too  soft — just  in  from  the 
fields.  A  peculiar  thing  about  Bi  is  that  when  given  the 
rain  he  slacks  up.  Bi  got  away  with  the  big  lump,  though, 
and  you  ought  to  have  heard  them  roast  him  in  the  Coke 
Oven  event.  Bi  thinks  that  smoking  should  not  be  allowed  in 
a  furnace,  bue  he  stacked  up  pretty  well  there  except  when 
the  Boiler  flew.  After  the  final  heat,  everybody  said  that  Bi 
was  the  best  that  ever  hit  the  dump. 

Here's  one,  I  see.  from  Tennessee:  Lloyd  V.  Beets  raised  it 
in   his   garden  and  sends  it  to  market: 

A  certain  salesman  was  noted  for  his  habit  of  occasionally 
taking  a  week  "off"  when  the  Tennessee  mountain  dew  got 
within   his    midst. 

Finally,  his  boss  lost  patience  and  wrote:  "I've  preached, 
sworn  and  prayed  that  you  would  take  an  interest  in  this 
firm.      What  do  you  intend   to  do.'" 

The  quick-witted  and  dew-wetted  salesman  sent  this  tele- 
gram: "I'll  take  an  intirest.  Don't  change  name  of  firm 
until    I    return. 

Here's  a,  tale  of  a  soft  corn  that  is  hard  to  believe,  from 
Framingham.   Mass.: 

Taddy.  the  long,  lean  assistant  engineer  at  the  power 
house,  had  a  corn  on  his  toe  so  tender  that  when  on  duty 
he  had  a  shoe  and  a  stocking  especially  cut  to  keep  down  Its 
temperature  within  comfortable  bounds.  He  was  Just  as 
sensitive  as  the  corn  was  about  it.  The  other  day  he  was 
putting  In  a  new  carbon  on  the  live  side  of  a  circuit-breaker. 
He  stood  on  a  chair,  and  the  corn  protruded  over  the  edge 
In  dangerous  proximity  to  the  main  switch.  I  was  about  to 
warn  him  when  he  moved.  There  was  a  flash  and  a  yell, 
and  Taddy  lay  stunned  on  the  floor.  Now.  he  wears  a  whole 
shoe  and  that  particular  corn  bothers  him  no  more.  Wonder- 
ful,  what  electricity  accomplishes  these  days,  ain't   It? 
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Large  High  Vacuum  Condenser  Test 


By  J.  J.  Bkowx 


SYNOPSIS — Data  pertaining  to  a  test  of  a  large  high 
vacuum  condenser  which  was  guaranteed  to  produce  as 
high  as  28.9  in.  of  vacuum  with  70  deg.  cooling  water. 
The  test  shows  that  this  guarantee  was  exceeded.  Charts 
and  tables  and  details  of  the  test  are  given. 

The  test  figures  and  curves  given  herewith,  demon- 
strate the  success  that  has  heeu  achieved  in  solving  the 
problem  of  high-vacuum  condenser  design. 

Vacuums  from  28.3  to  28.9  in.  were  guaranteed  with 
70  deg.  inlet  cooling  Wijter.  The  small  margin  between 
these  vacuums  and  the  maximum  attainable  can  hardly 
b'-  realized  without  citing  a  few  figures  from  the  steam 
table.  If  the  cooling  water  were  to  be  heated  only  one 
degree  in  the  condenser  (that  is,  from  70  to  71  deg.),  then 
the  maximum  vacuum  obtainable  wotdd  be  29.23  in.  If 
it  were  heated  to  80  deg..  the  maximum  vacuum  obtain- 
able would  be  28.97  in.;  if  heated  to  90  deg.  28.58-in. 
the  vacuum  would  be  the  maximum. 

It  is  evident,  therefore,  that  the  task  imposed  upon 
the  condenser  designer  by  the  demands  for  high  vacuum 
with  steam  turbines,  has  been  a  severe  one.  The  surface 
must  transmit  heat  at  very  high  efficiency  because  the 
available  temperature  difference  or  "heat  head"  causing 
the  flow  of  heat  is  but  a  few  degrees.  The  air  and  non- 
condensible  gases  are  at  an  even  lower  pressure  than 
that  of  the  turbine  exhaust  and  the  greatest  refinement 
must  be  observed  in  the  manufacture  of  the  air  pump, 
in  order  that  it  may  successfully  withdraw  these  highly 
rarified  gases  from  the  condenser. 

There  are  many  other  very  interesting  phases  of  the 
problem  of  high-vacuum  condenser  design,  as,  for  in- 
stance, the  proper  arrangement  of  dry  plates  to  prevent 
flooding  of  the  tube  surface  with  condensate  or  "steam 
water"  and  to  maintain  high  temperature  of  condensate; 
the  arrangement  of  tube  surface  to  give  high  velocity  of 
water  through  the  tubes;  the  design  of  the  circulating 
pump  and  circulating  system  so  as  to  cause  the  least 
consumption  of  power  in  pumping  the  cooling  water ;  and 
finall)',  the  arrangement  of  tube  surface  to  give  efficient 
steam  distribution. 

At  high  vacuums,  the  specific  volume  of  steam  becomes 
enormous  and  the  addition  of  tube  surface  to  a  condenser 
of  ordinary  design,  may  entirely  defeat  the  purpose  of  the 
designer  because  of  the  increased  resistance  to  the  flow  of 
steam  between  the  tubes. 

The  loss  of  head  through  an  orifice  varies  as  the  square 
of  the  velocity  and  as  the  first  power  of  the  density.  For 
a  constant  weight  of  steam  per  second,  corresponding  to  a 
constant  turbine  load,  the  resistance  varies  directly  as  the 
square  of  the  volume  and  inversely  as  the  first  power 
of  the  volume.  In  other  words,  the  resistance  varies  di- 
rectly as  the  first  power  of  the  volume.  The  increase  in 
volume  with  increase  in  vacuum,  is  indicated  by  the  fol- 
lowing figures: 

Vacuum  Specific  Volume* 

26  176  7 

27  231  9 

28  339.6 

29  657  0 
29.5                                   1259.0 

•"Steam  Tables  for  Condenser  Work,"  published  by  Wheeler 
Condenser   &  Engineering  Co. 


At  a  29-in.  vacuum  the  resistance  flow  is  almost  four 
times  the  resistance  at  26  in. 

Furthermore,  an  increase  in  vacuum  means  lower  rate 
of  condensation  per  square  foot  of  surface.  Accordingly 
with  an  increase  in  vacuum  there  is  less  condensation  on 
the  first  rows,  •  and  a  greater  weight  of  steam  must  flow 
through  the  restricted  area  between  the  tubes  at  the  top 
of  the  condenser.  This  additional  flow  causes  increased 
resistance  and  back  pressure,  or  lower  vacuum. 

An  attempt  to  obtain  better  vacuum  by  the  addition  of 
tubes  may  thus  be  entirely  unsuccessful,  unless  provision 
has  been  made  for  efficient  distribution  of  the  steam  to 
all  of  the  tube  surface  without  undue  resistance  and  back 
pressure. 

These  considerations  lead  to  a  very  flat  condenser  of 
small  height,  covering  a  very  large  area.  But  such  a  de- 
sign requires  too  much  floor  space  and  has  an  added 
drawback  in  that  the  noncondensible  gases  are  spread 
throughout  the  lower  region  of  the  condenser  in  a  sheet  of 
large  area,  whereas  for  efficient  removal,  the  air  should 
be  concentrated  at  a  few  points.  The  advantages  of  the 
large,  flat  condenser  without  its  disadvantages,  are  se- 
cured by  the  use  of  the  rectangular  shell  and  the  proper 
arrangement  of  tubes  and  baffles. 

Tubes  from  various  portions  of  the  top  of  the  con- 
denser are  omitted,  thus  providing  passageways  to  con- 
duct the  steam  to  a  number  of  short  banks  of  tubes  and 
insuring  its  penetration  to  all  of  the  surface.  Distribu- 
tion of  the  steam  to  the  surface  in  this  manner  also  pre- 
vents dead  air  spots,  since  the  various  banks  of  tubes  are 
short  and  the  circulation  is  vigorous  and  positive.  The 
air  is  swept  on  to  the  lower  part  of  the  condenser  where 
it  passes  over  tubes  arranged  to  cause  brisk  circulation  of 
the  steam-air  mixture,  so  that  when  it  enters  the  air- 
pump  suction,  the  steam  vapor  has  been  removed  to  a 
large  extent,  and  the  mixture  is  rich  in  air.  To  further 
increase  the  density  of  the  air,  and  to  remove  the  water 
vapor,  independent  air  coolers  are  sometimes  installed, 
especially  in  large  installations  of  the  kind  to  be  de- 
scribed. 

COXDEXSIXG  Equipmext  Tested 

This  condenser  is  of  the  dry-tube  base  design,  manu- 
factured by  the  Wheeler  Condenser  &  Engineering  Co., 
Carteret,  X.  J.,  and  is  installed  at  the  south  works  of 
the  Illinois  Steel  Co.,  South  Chicago,  111.,  in  connection 
with  a  7000-kw.  Curtis  mixed-pressure  turbo-generator. 
Fig.  1  shows  the  arrangement  of  turbine,  base  condenser 
and  condenser  auxiliaries  in  plan  and  elevation. 
Fig.  2  shows  the  turbo-generator.  Fig.  3  the  centrifugal 
circulating  pump  and  Fig.  4  the  rotative  dry-vacuum 
pump. 

Low-pressure  steam  goes  to  the  turbine  from  three 
2000-kw.  compound,  reciprocating  engines,  which  dis- 
charge into  a  header  about  100  ft.  long.  The  steam  en- 
ters the  turbine  at  a  few  pounds  above  atmosphere,  hav- 
ing passed  through  a  large  separator  (shown  behind  the- 
air  pump  in  Fig.  4),  which  is  designed  to  remove  all 
but  a  small  percentage  of  the  moisture.  In  addition  to 
this  supply  of  steam,  the  exhaust  from  blast-furnace  blow- 
ing engines  and  auxiliaries  is  used  up  to  a  total  turbine 
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capacity  of  200,000  to  250,000  lb.  per  hour.  High-pres- 
sure steam  to  carry  the  load  iu  case  of  a  deficiency  in  the 
supply  of  exhaust  steam,  is  obtained  from  the  boiler  plant, 
the  piping  being  seen  above  and  to  the  right  of  the  turbo- 
generator in  Fig.  2. 

The  turbine  rests  upon  the  condenser  as  a  base.  The 
tube  surface  is  arranged  in  two  sets  of  banks  on  either 
side  of  the  center  line  with  dry  plates  at  several  ele- 


sides  of  the  center,  returning  through  the  top  bank  to  the 
discharge. 

The  circulating  system  is  closed,  the  water  being  drawn 
from  Lake  Michigan  through  an  intake  tunnel  150  ft. 
long  and  discharged  to  a  sewer.  The  head  on  the  cir- 
culating pump  is  from  10  to  20  ft.,  and  the  quantity  of 
water  pumped  is  from  24,000  to  34,000  gal.  per  min. 
Of  this  head,  about  half  is  lost  in  the  condenser.   (See 
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Vations  nn  each  side  of  the  center  wliich  drain  outward 
toward  tlie  sliell.  Tlicy  divide  the  tube  surface  into  a 
number  of  coniiJartmciits,  designed  to  give  the  most  clfi- 
cient  and  even  distribution  of  the  steam  to  all  of  tiie 
surface. 

There  are  about  6000  tubes  of  1-in.  diameter,  making 
in  all  about  25,000  sq.ft.  of  surface.  The  circulating 
water  juakcs  two  jiasses  tlirougli  the  tubes,  entering  at  one 
end  and  passing  through  the  lower  bank  of  tubes  on  both 


test  curves  in  Fig.  5.)  The  circulating  [luinp  is  a  Wheeler 
;?G-in.  double-suction  volute  pump,  operating  at  a  speed 
of  from  100  to  135  r.p.ni.  driven  by  a  20.\24-in.  Cooper 
Corliss  engine,  seen  in  the  background  of  Fig.  3. 

The  14  and  3G  by  24-in.  Wheeler  tandem  rotative,  dry- 
air  vacuum  pump  has  shown  rentarkable  efficiency,  as  in- 
dicated by  the  tests  of  Table  I.  'I'he  air  is  withdrawn 
near  the  bottom  of  each  side  of  tlie  base  condenser  by  two 
air  pipes  running  horizontally  and  joining  opposite  the 
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end  of  the  condenser  where  they  meet  a  pipe  which  rises 
through  the  engine  floor,  making  a  vertical  loop  before 
connecting  to  the  pump.  Within  the  vertical  riser  is  a 
speciall)-  designed  air  cooler. 


Fig.  2.  7itOO-Kw.  Curtis  Turbo-gexekatoi! 

Two    5-in.    centrifugal    hotwell    pump.-;    arc    installed, 
driven  bj-  2-4-hp.  steam  turbins. 

Guaranteed  Performance  and  Results  of  Test 

The  guarantees   made   on   the   condensing  equipment 
were  a.s  follows : 

Temperature  of  cooling  water  70  deg.  F. 

Quantity  of  water,  not  more  than  .3-1,000  gal.  per  min. 

Load  in  lbs.  of  Steam  per  Hoar 


Vacuum 
28.3 
28.5 
28.6 

28.7 
28.9 


I  lbs.  of  Stean 
210,000 
18.5.000 
l.-)0,000 
120,1)00 
70,000 


A  summary  of  the  tests  made  by  the  steam-engineer- 
ig  department  of  the   Illinois  Steel   Co.,  to  check  the 


table  No.  I. 

TEST  OF  WHEELER  R.D.V 

.  PUMP. 

ILLINOIS  STEEL 

COMPANY— JULY. 

1910. 

Steam  Cylinder 

Air  Cylinder 

Time 

Speed 

ME. P.              I.H.P. 

M.E.P. 

I.H.P.  Me 

ch.  E£f. 

3:21 

81 

32.8                    61-9 

5.40 

53,7 

86.8 

3:26 

93 

35.0                    75.6 

5  55 

63  3 

83.5 

3:30 

93 

34.15                 74.0 

5.25 

60.0 

81.1 

3:35 

94 

32  5                   71.1 

5  37 

62  0 

87.1 

3:40 

93 

34  0                   73.6 

5  43 

62.0 

84.2 

3:45 

94 

33.7                    73.8 

5.36 

61  8 

83.7 

3:50 

94 

33  5                   73  3 

5.48 

63.2 

86.2 

3:55 

93 

34  25                 74.2 

5.46 

62.4 

84.0 

4:00 

93 

34.5                    74  7 

5  33 

60  9 

81.5 

4:05 

94 

33  25                 72  8 

5.55 

64  0 

88.0 

4:10 

93 

34  0                    73.8 

5.36 

61.2 

83.0 

4:15 

94 

35  0                    76.6 

5.36 

61.8 

80.7 

4:20 

94 

34  5                     75.5 

5  43 

62.6 

83.0 

4:25 

93 

34  0                   73  6 

5  36 

61   2 

83  2 

4:30 

94 

34.1                    74.fi 

5  31 

61.2 

82.0 

4:35 

93 

33.35                 72.2 

5.25 

60  0 

83  1 

4:40 

93 

33.35                 72.2 

5.37 

61.3 

84  9 

4:45 

93 

34.4                    74.3 

5.33 

60  8 

81.7 

4:50 

94 

34.35                 73.0 

5.40 

62.3 

85.3 

4:55 

93  5 

32.5                   70.6 

5.36 

61.5 

86  9 

5:00 

94 

33.45                 73.2 

5.28 

60  9 

83.2 

5:05 

94 

34.1                     74.6 

5.22 

60.2 

80.7 

5:10 

94 

32  7                     71.6 

5.19 

59.8 

83.5 

Average 

93.0 

33.76                   73.1 

5.37 

61.2 

83.89 

guaranteed  values,  is  given  by  Table  2.  The  tests  were 
made  iii  July, 1910,  with  inlet  circulating  water  at  73.-i 
to  73.7 'deg.  F.  In  calculating  the  final  results,  the  per- 
formance was  corrected  to  70  deg.  water,  and  a  smooth 
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curve  drawn  between  vacuum  ami  load  is  given  in  the 
chart  of  Fig.  6.  The  same  chart  also  gives  the  actual 
vacuums  with  the  water  averaging  about  73.6  deg.  F. 

According  to  readings  taken  at  the  time  of  the  con- 
denser tests,  the  quantity  of  water  was  slightly  under 
35.000  gal.  per  min.,  and  in  calculating  the  vacuum,  cor- 
rection was  made  to  34,000  gal.  per  min.  capacity,  as 
the  guarantees  were  made  upon  this  basis.  It  should 
be  stated  here,  however,  that  subsequent  investigation  Id  I 
to  the  discovery  of  an  error  in  the  meter  for  ineasuriii;, 
the  circulating  water,  so  that  the  actual  (|nantity  pumped 


Fig.  4.  Rotative  Dry-air  Pump 

was  somewhat  less  than  34,000  gal.  per  min.,  instead 
of  more.  When  the  apparent  heat  absorbed  by  the  cir- 
culating water  (taken  in  pounds  per  hour  and  tempera- j 
ture  ri.se)  was  checked  against  the  heat  given  up  to  the  I 
water  by  the  steam  condensed,  an  error  was  found  which 
verified  the  foregoing.  The  corrections  applied  to  the 
observed  vacuum  are,  tlierefore,  far  from  partial. 

In  Table  2,  summarizing  the  tests,  the  following  items 
should  be  noted :  The  remarkably  hi.gh  vacuums  obtained 
with  cooling  water  at  731^  deg.  temperature;  the  small 
difference  in  temperature  between  the  discharged  con- 
densing water  and  the  steam,  that  is,  from  4  to  10  deg.: 
the  high  hotwell  temperature,  ranging  only  from  2  to  fi 
deg.  below  steam  temperature,  and  the  high  coefficient 
.of  heat  transmission :  550  B.t.u.  per  sq.ft.  per  hour  per 
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degree  (lift'ereiu-e  in  temperature  with  a  load  of  210,000 
lb.  of  steam  per  hour. 

Tlie  greatest  load  on  the  condenser  was  210,000  lb.  of 
.■<team  per  hour,  but  it  is  evident  from  the  test  that  a 
load  of  250,000  lb.  of  steam  per  hour  would  have  been 

TABLE    NO.   2.       TEST   OF  WHEELER   DRY   TUBE    SURFACE   CON- 
DENSER,    ILLINOIS  STEEL  COMPANY  —  JULY.  1910. 

Coeff.  of 
heat  trans. 
B.t.u.  perh. 

per   sq.ft. 
per  deg.diff. 
p.      Rise  in      (Based  on 


Average 


referred 
to  30" 
barom- 
eter 
28.246 
28.260 
28  310 
28  394 
28.374 
28  331 
28.304 
28.290 
28  286 
28.311 
28.380 
28  361 
28.443 
28  473 
28.501 
28.510 
28.551 
28  590 
28  595 
28,678 
28.748 
28.748 
28.786 
28.803 


ponding 
to  vac. 

96,9 

96,8 

95  7 
94,05 
94,50 
95,30 
95,80 
96,08 

96  15 
95  70 
94,32 
94  75 
93  05 
92  50 
91,85 
91  70 
90,75 
89,80 
89,70 
87,80 
86,05 
86,05 
84,90 
84,70 


Lb, 
steam 
per  hr, 
196,000 
187.000 
167,000 
169,000 
171,000 
190  000 
197,000 
204,000 
210,000 
190,000 
187,000 
190,000 
175,000 
171,000 
167,000 
163,000 
157,000 
148,000 
1.30,000 
121,000 
93,000 
98,000 
98,000 
91,000 


temp. 
90,6 
90,5 


90,1 
90,3 
89,3 


89  1 
87,7 
86,2 
87,5 
87,8 
86,2 
87,7 
85  2 
84,8 


Temp, 
inlet  circ 
water 
73,40 
73,40 
73,40 
73,40 
73,40 
73,40 
73,40 
73.40 
73.40 
73  40 
73.40 
73.40 
73.40 
73.50 
73.70 
73  70 
73  70 
73.70 
73.60 
73  60 
73.50 
73.50 
73.60 
73,60 


water 
86,1 
85,5 
84,4 
84,6 
85,2 
85,8 
86  2 
86  6 
86  9 
85,5 
85,4 
85,8 
84,2 
84,6 
84,1 
84,0 
83  0 
82,8 
81,5 
81,5 
79,5 


water 

12,70 

12,1 

11,0 

11,2 

11,8 

12,4 

12,8 

13,2 

13,5 

12,1 

12,0 

12:4 

10,8 

11,1 

10.4 

10.3 

9.3 

9  1 

7,9 

7  9 

6,0 

7  0 

6  5 


per  lb  of 
condensate) 
470 
440 
403 
462 
466 
500 
509 
528 
550 
480 
519 
522 
504 
532 
535 
526 
521 
527 
435 
487 
395 
447 
500 
478 


readily  carried  with  28-in.  vacuum  and  70-deg.  water. 
This  is  equivalent  to  10  lb.  of  steam  per  sq.ft.  of  sur- 
face, and  under  these  conditions,  the  coefficient  of  heat 
transmission  would  have  been  about  600. 
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Where 


in  which 


D  = 


f.  ~  f. 


lO(/.e 


fs~t, 
ts  —  t. 


ts  =  Steam  temperatur<>  corresponding  to  the  vac- 
uum ; 

ti  =  Inlet  condensing  water  temperature; 

t^  =  Outlet  condensing  water  temperature ; 
loff.e  =  Natural  logarithm. 

It  will  be  of  interest  to  compare  the  heat  transmis- 
sion obtained  in  this  condenser  under  actual  operating 
conditions,  with  the  heat  transmission  obtained  in  tests 
on  experimental  apparatus.  The  average  water  velocity 
in  these  tests  was  about  4.7  ft.  per  sec.  Referring  to 
the  Transactions  of  the  A.  S.  M.  E.,  December,  1910, 
and  the  experiments  by  George  A.  Orrok  on  a  condenser 
containing  one  tube,  we  find  that  for  a  circulating-water 
velocity  of  4.7  ft.  per  sec,  the  coefficient  of  heat  trans- 
mission as  given  by  him  is  about  660  B.t.u.  per  sq.ft.  per 
degree  difference  in  temperature  per  hour.  This  coeffi- 
cient is  but  slightly  higher  than  the  coefficient  550  ob- 
tained above. 

Test  ox  Air  Pump  and  CirtcuLATixG  Pump 

In  the  test  on  the  dry-vacuum  pump.  Table  1,  atten- 
tion is  drawn  to  the  average  steam  and  air  cylinder  indi- 
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irge, Thousand  of  Gallons  per  Min. 

.  Showinc;   Loss  of   IIkad 


Load  in  Thousand  Pounds  of  S  +  eam  per  Hour 

Fi(i.  6.  Vacuum  Oii'r.\i\Ki)  with  Water  Averaginc 
7;i.6  i)K(i.  F. 


The  coefficients 
the  basis  of  !»sii  i 
the    logai'itbmic 
fo]h)Ws : 

r  =  Cocllicicnt 

iMT  ,s,|.rt 

t  II  re  : 

w  =  I'ouiids  (.r 

980  =  H.t.u.    per 


r  lic:il  transmission  arc  cabMiJatcd  on 
I. II.  |irr  pound  of  condensate,  and  bv 
riiiiibi     I'lir    beat    t  rMiisiiiissinii.    wbicli 

it  Iransmi.ssion   in   H.t.u.   per  hour 
per   degree   difference    in    tempera- 


condensate  per  boiir; 

b.  of  exhaust  steam : 
''^' =  Square  feet  of  condcn.ser  surface: 
D=  Mean  temperature  difference  calculated  by  the 
foMowiiig  formula: 


cated  borsej)ower  and  lo  the  riMiiarkably  liigh  mechanical 
efficiency. 

A  test  on  the  centrifugal  circulating  pum|)  is  covered 
by  the  charts  of  Figs.  5  and  7.  By  plotting  the  curve 
of  head  lost  in  the  condenser  against  the  discharge  in 
gallons  per  minute  on  logarithmic  pa[)er,  it  is  found  that 
the  head  lost  varies  as  the  1%  power  of  the  discharge; 
but  since  the  velocity  varies  directly  as  the  quantity  of 
the  water,  we  conclude  that  the  head  lost  vanes  ac- 
cording to  the  1.7.5  power  of  the  velocity.  This  ex- 
ponent is  but  slightly  lower  than  the  exponent  1.87  given 
in  the  .\nierican  (^ivil  Engineers'  handbook,  or  than  that 
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of  3,  the  exponent  generally  conceded  as  an  average 
value.  The  exponent  of  3  was  checked  several  years  ago 
by  Prof.  Josse  and  was  found  consistent  with  results  ob- 
tained with  a  300-kw.  condenser. 

As  the  water  horsepower  depends  upon  the  quantity 

8  910 
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Fig.  7.  Curves  of  Centrifugal-pump  Test 

times  the  head,  the  horsepower  should  vary  as  the  cube 
of  the  velocity.  It  is  found  by  plotting  the  water  horse- 
power curve  of  Fig.  6  on  logarithmic  paper  (Fig.  7) 
that  the  exponent  is  3.9 ;  that  is,  the  horsepower  varies  as 
the  3.9  power  of  the  gallon  per  minute,  or  of  the  velocity 
through  the  condenser  tubes. 
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Fig.  8.  Log  of  Moxthly  Performaxce 

A  log  of  a  month's  performance  of  this  condensing 
outfit  is  shown  graphically  by  the  chart  of  Fig.  8.  This 
log  covers  performance  in  the  month  of  January  with 
the  inlet  cooling  water  down  to  about  34  deg.  F.  The 
performance  is  markedly  consistent.  The  maintenance 
cf  vacuums  of  39.3  in.  and  39.4  in.,  day  in  and  day  out  is 
what  produces  substantial  savings  in  coal  consumption. 


Vitribestos  Stack    Lining 

The  smoke-stack  of  the  First  National  Bank  Bldg., 
Pittsburgh,  Penn.,  which  is  400  ft.  high,  is  lined 
throughout  with  vitrified  asbestos  or  "Vitribestos" 
to  a  thickness  of  3  in.  and  presents  a  solid  in- 
terior surface.  It  serves  the  double  purpose  of  protecting 
the  metal  stack  from  sulphurous  and  other  destructive 
acids  and  insulating  it  from  great  heat.  These  slabs 
of  vitribestos,  3  ft.  by  6  ft.  and  3  in.  thick,  weigh,  with 
all  attachments,  only  30  lb.  per  cu.ft.  in  place,  or  about 
5  lb.  per  sq.ff.  of  stack  area. 

This  building  was  designed  to  be  36  stories  high,  but 
only  five  stories  were  built  in  the  original  undertaking 
completed  four  years  ago,  and  the  original  stack  was 
lined  as  stated.  When  the  remaining  stories  were  com- 
pleted, the  stack  was  extended  in  18-ft.  sections,  riveting 
all  joints  except  at  the  ends  of  the  sections,  which  were 
flanged  joints.  The  18-ft.  sections  were  lined  with 
Vitribestos  before  they  were  carried  to  the  building,  and 
were  hoisted  and  set  in  place  without  interferring  with 
the  operation  of  the  stack.  When  the  last  section  was 
in  place,  the  stack  was  lined,  except  at  the  open  joints,, 
every  18  ft. 

With  the  arrival  of  mild  sjn-ing  weather,  these  joints 
were  sealed  up  and  inspection  showed  that  the  material 
which  had  been  in  service  for  four  years  was  in  as  good 
condition  as  when  first  applied. 

This  vitribestos  is  manufactured  by  the  H.  W.  Johns- 
Manville  Co.,  of  New  York  City. 
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STEAM  ECONOMY  IN  THE  SUGAR  FACTORY.  By  Karl 
Abraham.  Translated  from  the  Gi-rman  edition  by  E  J 
Bavle.  John  Wiley  &  Sons.  New  York  City.  Cloth,  104 
pages,  5V4x7?4  in.;  15  tables.  Price.  $1.50. 
The  author,  who  is  general  engineer  of  the  American  Beet 
Sugar  Co.,  translated  the  present  book  so  that  the  American 
manufacturer  might  have  the  advantage  of  European  prac- 
tice concerning  the  proper  distribution  and  management  of 
steam  to  effect  economies  in  the  production  of  sugar  from 
beets.  Under  a  division  heading  of  the  Steam  Consumption 
of  the  Individual  Stations  the  author  discusses  diffusion, 
heaters,  saturation  of  thin  juice,  steam  consumption  for  heat- 
ing the  juice  and  for  the  evaporation  p^oper,  boiling,  heating 
of°the  thick  juice  and  syrups,  treatment  of  the  green  syrups 
and  the  remelted  products,  turbinating  and  washing,  steam 
losses  due  to  radiation,  and  mechanical  work.  The  second 
division  of  the  book  deals  with  the  distribution  of  steam  in 
the  factory,  covering  methods  of  reduction  of  steam  consump- 
tion, adaptability  of  different  systems  for  utilizing  juice 
vapors,  distribution  of  temperature  in  the  evaporating  system, 
diagrams  for  the  distribution  of  steam,  influence  of  methods 
of  operation  on  total  steam  consumption,  calculation  of  heat- 
ing surfaces.  To  help-  toward  a  better  understanding  of  the 
text  matter  numerous  problems  are  presented  and  the  solu- 
tions given,  and  data  and  tables  have  been  converted  into  Eng- 
lish standards.  The  book  should  prove  of  value  to  engineers 
and  designers  of  sugar   plants. 

MACHINE  DESIGN— HOISTS.  DERRICKS,  CRANES.  By  H.  D. 
Hess  J.  B.  Uippincott  Co.,  Philadelphia.  Cloth;  368 
pages,  6x914  in.;  318  illustrations  and  IS  plates;  tables. 
Price.    $5   net. 

This  book,  although  primarily  Intended  to  aid  technical 
students  in  the  work  of  machine  design,  should  prove  useful 
to  anyone  directly  engaged  in  the  design  or  manufacture  of 
this  class  of  machinery.  The  book  is  divided  into  twelve 
parts:  Introduction,  Frames  and  Girders,  Brakes  and 
Clutches.  Winches  and  Hoists.  Pillar  Cranes.  Jib  Cranes.  Un- 
der-braced Jib  Crane.  Inverted  Post  Crane.  Wall  Crane.  Over- 
head Electric  Traveling  Cranes,  Hoisting  Engines,  Locomo- 
tive  Cranes. 

The  introduction  includes  a  discussion  of  properties  of  ma- 
terials and  fiber  stresses,  the  design  of  machine  elements  such 
as  springs,  belts,  pulleys,  gearing,  shafting,  bearings,  chains. 
drums,  crane  hooks,  etc.;  elements  of  graphic  statics,  rolling 
and  sliding  friction,  crane  blocks,  wire  ropes,  structural  mem- 
bers  and   ri.vets. 

In  the  other  chapters  suitable  data  are  selected  and  the 
problems  worked  out.  the  illustrations  being  drawn  from  pres- 
ent-day American  practice.  The  part  devoted  to  -  electric 
traveling  cranes  is  especially  good.  The  treatment  is  simple 
and  by  applying  elementary  principles  in  determining  the 
stresses  in  frames  and  machinery  it  is  shown  that  the  de- 
sign may  be  carried  out  on  a  theoretical  rather  than  on  an 
empirical  basis.  The  method  of  procedure  in  applying  the 
principles  of  design  to  practice  is  clearly  outlined,  so  that 
the  book  should  be  of  great  assistance  in  directing  the  stu- 
dent and  serve  as  a  valuable   reference   to  the-  designer. 

THE  GAS  ENGINE.     Bv   Hans  Holzwarth.   Engineer.     Trans- 
lated by  A.  P.  Chalkley,  B.  Sc.  Am.  Inst.  C.  E..  A.  I.  E.  E.; 
6x9  In.;  40  pages,  illustrated,  cloth.     Charles  Griffin  &  Co.. 
Ltd..    London.      J.    B.    Lippincott    Co.,    Philadelphia,    1912. 
Price.   $2.50. 
In    our    issue    of    February    6    last    we    described    at    con- 
siderable   length    a    lOOO-horsepower    gas    turbine,    designed 
by    Hans    Holzwarth    and    built    by    Brown,    Boverl    &    Co.,    at 
Mannh.-im.      In    this    article    we    referred    to    a    book    recently 
published     in    German    by     Mr.     Holzwarth     which     furnished 
largely    the    Information    upon    which    our    article    was    based. 
The   translation    under    review   makes   this   work   available   in 
Its    entirety    to    English-speaking    engineers. 

The  book  is  divided  into  four  parts,  the  first  of  which  is 
a  highly  mathematical  consideration  of  the  theory  of  the 
subject.  Part  II,  entitled  "Construction  of  the  Gas  Tur- 
bine," deals  entirely  with  the  details  of  the  construction  of 
the  lOOO-horaepower  machine  of  the  author's  design  above 
referred   to. 

Under  the  caption  "General  Comparison,"  Part  III  com- 
pares the  gas  turbine  and  the  reciprocating  gas  engine 
from  a  thermodynamlcal  standpoint,  leading  up  to  the  con- 
clusion that  the  gas  turbine  cycle  which  the  author  em- 
ploys Is  not  similar  to  the  Lenoir  cycle,  but  Is  much  more 
comparable  with  the  cycle  of  the  free  piston  engine  which 
the  Humphrey  gas  pump  resembles.  A  comparison  with  the 
reciprocating    gas    engine    Is    then    taken    up    from    the    point 


of  view  of  construction  and  operation.  Under  the  cap- 
tion "Gas  Turbine  Plant"  a  proposed  installation  of  three 
lOOO-horsepower    gas-turbine-driven    units    is    described. 

Part  IV  gives  results  of  tests  of  the  original  gas  tur- 
bine built  to  the  design  of  the  author  by  Korting  Brothers 
of  Hanover  and  the  lOOO-horsepower  machine  built  by 
Brown.  Boveri  &  Co.  While  these  tests  were  disappoint- 
ing, both  as  to  capacity  and  efficiency,  the  reasons  for  their 
limitation  are  believed  by  the  author  to  be  sufficiently  evi- 
dent to  indicate  the  direction  in  which  future  effort  should 
be  directed  and  so  apparent  that  the  realization  of  the 
author's    expectation    is    already    within    sight. 

STEAM  BOILERS  AND  BOILER  ACCESSORIES.  By  W. 
Inchlev.  lecturer  on  engineering  at  the  University  Col- 
lege. Nottingham,  England.  Published  by  Longmans, 
Green  &  Co..  New  York  and  London,  1912.  Size,  5x7% 
in.;  illustrated;  cloth.  Price,  $2.40. 
In  this  book  an  attempt  is  made  to  treat  the  subject  of 
steam  boilers  and  boiler  accessories  in  a  manner  suitable  for 
the   requirements   of  steam  users   and  engineering  students. 

After  the  function  of  the  steam  power  plant  is  explained, 
the  various  types  of  boilers  are  briefly  considered.  To  bring 
out  the  advantages  of  the  various  types  of  boilers.  Table  1 
is  given,  which  includes,  for  every  type  illustrated,  numerical 
values  for  the  pounds  of  water  evaporated  per  hour  from  and 
at  212  deg.  F.,  heating  surface,  grate  area,  ratio  of  the  heat- 
ing surface  to  the  grate  area,  pounds  of  water  per  hour  per 
square  foot  of  the  grate  area  and  of  the  heating  surface,  and 
dimensions  of  the  setting.  Materials  for  boiler  construction 
are  then  taken  up.  and.  in  connection  with  the  subject  of  the 
brittleness  of  steel,  special  attention  is  called  to  the  effect  of 
phosphorus  and  nitrogen  on  the  ultimate  strength  of  the 
boiler  plate.  Table  2  gives  30  cases  of  failure  in  steel  plates 
and  the  per  cent,  of  carbon,  nitrogen  and  phosphorus  in  each 
case.  At  the  end  of  the  chapter  formulas  for  calculating 
the  strength   of   the   boiler  shell  are   derived. 

The  fuels  for  the  generation  of  steam  are  treated  rather 
too  briefly,  but  the  subject  of  combustion  is  taken  up  at 
considerable  length  and  in  a  very  clear  manner.  Methods  for 
calculating  the  air  required  for  combustion  from  flue-gas  an- 
alysis and  the  subject  of  coal  calorimetry  are  considered  in 
detail.  At  the  end  of  the  chapter  several  practical  numerical 
examples  are  given. 

Boiler  furnaces  are  treated  at  considerable  length.  The 
various  losses  which  take  place  in  a  boiler  furnace  are  con- 
sidered and  the  methods  of  decreasing  them  outlined.  The 
conditions  affecting  the  design  of  furnaces  for  various  fuels 
and  for  different  kinds  of  boilers  are  also  discussed.  Various 
types  of  English  stokers  are  illustrated;  these  differ  much 
from  those  used  in  American  power  plants.  The  subject  of 
combustion  of  liquid  and  gaseous  fuels  is  also  treated  at 
some  length. 

The  fundamental  theory  of  the  chimney  draft  is  explained 
and  formulas  are  derived  for  calculating  the  height  of  a 
chimney  to  produce  a  given  draft.  In  connection  with  the 
subject  of  mechanical  draft  steam  jets  are  compared  with 
fans  and  the  type  of  boiler  best  suited  for  mechanical  draft 
is  discussed.  ilore  might  have  been  given  on  mechanical 
draft  and  additional  illustrations  would  have  been  desirable. 
The  theory  of  steam  generation  is  simply  and  clearly  ex- 
plained and  considerable  space  is  given  to  discussing  the  ef- 
fect of  the  velocity  of  gases  upon  conduction  and  on  ultimate 
boiler  performance.  This  section  is  well  written  and  upto- 
date,  except  that  the  old  values  for  the  properties  of  saturated 
steam  were  retained.  This  might  tend  to  confuse  the  reader, 
as  the  latent  heat  of  steam  at  212  deg.  F.  is  given  as  966.6 
B.t.u.  in  the  text  and  as  970  in  the  steam  tables  at  the  end 
of  the   book. 

Much  space  Is  given  to  the  details  of  the  Lancashire  and 
other  flue  boilers,  and  but  brief  mention  Is  made  of  the  cylin- 
drical multitubular  type.  The  locomotive  and  vertical  boilers 
are  treated  briefly  and  do  not  include  uptodate  designs  in 
American   practice. 

Water-tube  boilers  are  covered  very  completely,  but  also 
represent   mainly   English   practice. 

In  connection  with  boiler  accessories,  feed  pumps,  in- 
jectors, water  and  oil  filters,  steam  and  oil  separators,  feed- 
water  heaters  and  economizers,  feed-water  regulators,  reduc- 
ing valves  and  superheaters  are  described  in  detail.  Many 
!<ood  illustrations  are  Included.  The  treatise  on  superheaters 
is   especially   complete. 

In  connection  with  steam  piping  the  subjects  of  water- 
hammer,  drainage,  protection  against  expansion  and  vibra- 
tion,  corrosion   and   steam-pipe   covering  are   considered. 

The  selection  and  treatment  of  boiler  feed  water  Is  dealt 
with  at  considerable  length  and  Includes  methods  of  test- 
ing water  for  corroslveness  and  means  of  estimating  and 
remedying  hardness  of  water. 

Directions  for  the   practical   running  of   boilers  are  given. 
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includir.g  an  explanation  of  the  use  of  COo  recorders  and  di- 
rections   regarding    the    purchase   of   fuel. 

Under  steam-boiler  testing  the  code  of  the  Institution  of 
Civil  Engineers  of  England  is  given.  This  differs  from  the 
code  of  the  American  Society  of  Mechanical  Engineers  main- 
ly in  the  details  regarding  the  recording  of  results.  The 
instructions  regarding  the  duration  of  the  test,  the  methods 
of  sampling  the  fuel  and  ashes  and  the  analysis  of  coals 
are  presented  very  clearly.  Also  the  directions  for  working 
up   boiler   tests   are   given   in    great    detail. 

In  genei-al  the  book  is  clear,  contains  much  new  mat- 
ter, and.  if  edited  so  as  to  include  American  practice,  would 
prove  a  very  desirable  textbook  for  colleges.  In  its  present 
f<irm  it  is  a  good  reference  book  and  should  prove  of  con- 
siderable  value   to   engineers. 


Lectures  on  Engineering  Chemistry 

The  first  of  a  series  of  three  lectures  by  Dr.  Frederick 
Dannerth,  consulting  chemist,  on  "Some  Phases  of  Engineer- 
ing Chemistry,"  was  delivered  before  the  Institute  of  Operat- 
ing Engineers,  at  Its  quarters  in  the  Engineering  Societies 
Building.  29  West  39th  St..  New  York  City,  on  Saturday 
evening,  Feb.  15.  This  lecture  related  chiefly  to  coal;  its  com- 
bustion and  purchase  by  specification.  The  two  forthcoming 
lectures,  the  dates  of  which  have  not  yet  been  announced, 
will  treat  the  subjects  of  boiler  feed  water  and  oils  and  lubri- 
cation. 


SOCIETY     NOTEvS 


The  Iron  and  Steel  Institute.  London,  will  hold  its  annual 
meeting  at  the  Institution  of  Mechanical  Engineers,  West- 
minister, on  May  1  and  2.  At  this  meeting  the  Bessemer 
gold  medal  will  be  awarded  to  Adolphe  Greiner,  general  direc- 
tor of  the  Society  Cockerill,  Seraing,  vice-president  of  the  In- 
stitute. The  annual  dinner  will  be  held  at  the  Hotel  Cecil, 
on  May  1.  The  autumn  meeting,  at  Brussels,  will  be  an- 
nounced   later. 

A  reception  and  ball  by  the  .\merican  Institute  of  Elec- 
trical Engineers,  at  the  Hotel  Astor,  New  York,  will  be  the 
closing  feature  of  its  midwinter  convention,  beginning  at  9 
p.m..  Feb.  28.  As  it  takes  the  place  of  the  annual  banquet 
usually  held  in  February,  it  will  be  the  social  event  of  the 
season,  giving  every  opportunity  for  the  greeting  of  old 
friends  and  making  new  acquaintances.  Tickets  to  the  re- 
ception, at  $2.50  each,  may  be  obtained  from  Ralph  W.  Pope, 
honorary  secretary  of  the  institute,  or  at  the  information 
bureau  of  the  convention  at  the  Engineering  Societies  Build- 
ing, 33  West  39th  St..  New  York.  Checks  made  payable  to  R. 
W.  Pope  should  accompany  all  requests. 


VICTOR  HUGO 
Victor  Hugo,  about  14  years  manager  and  chief  inspector 
of  the  St.  Louis  department  of  the  Hartford  Steam  Boiler 
Inspection  &  Insurance  Co.,  died  very  suddenly  on  Jan.  31 
from  pneumonia.  He  was  a  graduate  of  the  University  of 
Minnesota,  a  member  of  the  American  Society  of  Mechanical 
Engineers,  and  a  man  whom  it  was  gTod  to  meet  and  to  know. 
His  loss  will  be  seriously  felt  by  all  v> ''Ih  whom  he  was  con- 
nected. 

JOHN    FRITZ 

On  Feb.  13  John  Fritz,  famous  mechanical  and  mining 
engineer  died  at  his  late  home  Bethlehem,  Penn.,  at  the 
age  of  90  years. 

Mr.  Fritz,  known  among  engineers  as  "Uncle  John,  '  was 
born  Aug.  21,  1822  in  Londonderry  Township,  Chester  County, 
Penn. 

His  early  boyhood  was  spent  on  his  father's  farm,  where 
he  received  what  little  education  the  local  school  offered. 
At  the  age  of  sixteen  he  became  an  apprentice  in  a  machine 
shop,  and  later  entered  the  services  of  the  Moore  &  Hoover 
Iron  W^orks.  His  mechanical  proclivities  enabled  him  to  per- 
ceive the  great  possibilities  of  the  iron  industry.  While 
employed  there  he  began  to  specialize  in  machine  design. 
From  the  Moore  &  Hoover  company  he  went  with  the  Mor- 
ristown  Iron  Works,  and  later  to  the  Cambria  Iron  Works  of 
Johnstown,   Penn. 


While  with  this  company  his  achievements  in  iron  rail 
production  were  such  as  to  attract  wide  attention.  He 
revolutionized  the  making  of  iron  rails,  effecting  a  better 
quality  and  a  production  four-fold  greater  than  any  prevail- 
ing methods,  thus  enabling  American  manufacturers  to  com- 
pete with  those  of  England  and  Wales.  It  was  about  this 
time  that  he  also  introduced  improvements  in  blast  furnace 
practice. 

In  July,  1860  he  began  service  with  the  Bethlehem  Iron  Co. 
as  general  superintendent  and  chief  engineer.  \\'hile  there 
he  greatly  assisted  in  perfecting  the  bessemer  process  of 
making  steel,  and  also  in  remodeling  and  improving  the 
Siemens-Martin  open-hearth  process.  Turning  his  attention 
to  structural  and  plate  mill  practice  he  designed  mills  and 
rolls  which  turned  out  beams,  channels,  etc.,  superior  to  those 
on  the  market.  When  the  problem  of  making  armor  plate 
arose,  he  originated  the  solid  steel  plate,  the  superiority  of 
which    over    all    other    forms    remains    unquestioned. 

The  success  and  growth  of  the  great  Bethlehem  Iron  & 
Steel  plants  are  due  laisvly   to  thf  efforts  of  ilr.  Fritz,  whose 


John  Fiutz 

engineering  ability  and  accurate  judgment  were  always  pro- 
ductive of  commendable  results. 

He  was  a  member  of  all  the  principal  engineering  socie- 
ties of  this  country  and  abroad,  and  was  honored  by  many 
of  the  scientific  societies  of  the  world.  The  banquet  given 
at  the  Waldorf-Astoria  on  Oct.  31,  1902  on  the  occasion  of 
his  eightieth  anniversary  and  the  foundation  of  the  John 
Fritz  medal  to  perpetuate  his  memory,  was  one  of  the  most 
felicitous    occasions    in    the    history    of    American    engineering. 

The  engineering  profession  has  lost  one  of  its  great  mem- 
bers, and  engineers  and  scientific  men  throughout  the  world 
will  mourn  the  loss  of  one  whose  name  will  forever  be  as- 
sociated  with    the   steel    industry. 


F.  R.  Wadleigh  has  opened  offices  at  1013  Bank  of  Com- 
merce Building,  Norfolk,  Va.,  as  consulting  engineer,  on  all 
matters  connected  with  the  preparation,  purchase  and  use  of 
coal.  Mr.  TVadleigh  will  give  especial  attention  to  sampling 
and  analyses,   and    use   of  coal  as   fuel. 

E.  A.  Scott,  managing  editor  of  the  "Metal  "Worker,"  has 
been  appointed  secretary  of  the  American  Society  of  Heating 
and  Ventilating  Engineers.  W.  W.  Macon,  who  has  held  this 
position  for  a  number  of  years,  is  now  a  member  of  the  board 
of    managers. 

F.  William  Bosch  has  resigned  his  position  in  the  steam 
turbine  drafting  department  of  the  General  Electric  Co.,  Lynn, 
Mass.  After  a  visit  to  Germany,  where  in  connection  with 
Prof.  Rbssler,  Mittercide,  he  will  make  a  study  of  high-speed 
engines,  especially  investigating  the  Stumpf  uniflow  steam 
engine,  he  will,  in  August,  assume  thi-  position  of  citsigning 
and  consulting  engineer  with  the  Murray  Iron  Works  Co.. 
Burlington.   I.iwa. 
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The  Examiners  Examined 


THE  TABLKS  TURNED  IN  MASSACHUSETTS 

(See  pages  293  and  305) 
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Turbines  and  Diesel  Engines  in  Central  Stations 


SYNOPSIS — Abstract  of  a  paper  recently  read  tnj  21. 
Gerche,  chief  engineer  of  the  Maschinenhaufabrik  Augs- 
burg-Niirnberg,  at  a  meeting  of  the  association  of  elec- 
tric central-station  managers  and  engineers  in  Kiel,  Ger- 
many. The  author  gives  an  interesting  comparison  of 
the  relative  economic  importance  of  steam  turbines  and 
Diesel  oil  engines  for  central-station  work. 

In  order  to  get  a  safe  basis  of  eoiiiparisou  it  is  essentia', 
l-esides  considering  the  technical  advantages  and  disad- 
vantages of  the  two  modes  of  power  generation,  to  study 
their  respective  costs  of  operation. 

Steam-driven    Generators.     Their  cliief   domain  is  in 
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Fig.  ].   Heat  Utilization  akd  Consumption  of  Cool- 

i.\G  Watee  of  Steam  Turbines  and  Diesel 

Engines  at  Full  Load 

large  power  stations.  Their  advantages  in  general — and 
when  turbines  are  employed  in  particular — are :  unlimited 
capacity  of  units,  low  initial  cost,  as  referred  to  the  unit 
of  output,  large  overload  capacity,  simplicity  of  attend- 
ance and  upkeep,  possibility  of  using  all  kinds  of  coal, 
even  the  most  inferior  grades,  as,  for  example,  raw  brown 
coal,  lignite,  peat,  etc.  Their  disadvantages  are:  de- 
pendence of  heat  consumption  per  unit  output  upon  the 
character  of  attendance  and  upkeep,  dangers  and  draw- 
backs associated  with  the  use  of  boilers  (cleaning,  in- 
spection, I'emoval  of  ashes,  dust  and  smoke  nuisance), 
losses  of  fuel  through  starting  and  extinguishing  fires, 
large  consumption  of  cooling  water  by  condensers,  the 
operating  condition  of  the  latter  being  determinative  for 
the  economy  of  operation. 

Oil-driven  Generators.  Their  chief  domain  is  in  small- 
and  medium-sized  power  stations.  Their  advantages  are : 
high  thermal  efficiency,  a  low  heat  consumption  per  unit 
of  output,  which  is  practically  independent  of  size  of  en- 
gine and  skill  of  attendance ;  absence  of  .smoke  and  fumes, 
immediate  readiness  to  start,  no  fuel  losses  when  start- 
ing or  stopping,  no  trouble  with  dust  in  flues  and  removal 
of  ashes;  reduced  purchase,  replenishment  and  storage 
of  fuel  in  tanks,  less  consumption  of  cooling  water.  Their 
disadvantages  are  almost  nil,  except  the  stresses  exercised 
on  the  foundation  by  the  inertia  forces,  which  is  a  de- 
fect common  to  most  reciprocating  piston  engines.  An- 
other drawback:   Diesel   engines  cannot   be  built  ud  to 


units  of  unlimited  capacity.  With  horizontal  twin  t«n- 
deni  combinations  the  upper  limit  of  size  is  4000  hp 
With  vertical  engines  an  increase  of  capacity  up  to  6000 
hp.  is  possible,  but  a  still  further  increase  of  the  size  of 
units  is  at  present  out  of  the  question,  as  the  heaviest 
pieces  of  a  6000-hp.  twin-tandem  engine  running  at  04 
;  .p.m.,  weigh  already  80  tons,  and  must  be  transported 
by  special  railway  cars. 

Total  Efficiencies.  The  above  mentioned  thermal  su- 
periority of  the  Diesel  oil  engine  is  not  in  all  cases  as- 
sociated with  a  general  economic  superiority  of  the  plant. 
The  relative  utilization  of  heat  and  consumption  of  cool- 
ing water  in  Diesel  engines  and  turbines  of  the  same 
size  are  graphically  compared  in  Fig.  1.  The  figures  re- 
fer to  engines  of  about  3000  hp.  output,  latest  design  and 
full  load.  But  in  order  to  arrive  at  just  conclusions  as 
to  the  actual  conditions  of  heat  utilization,  the  heat  con- 
sumption of  the  two  types  at  partial  loads  must  also  be 
considered.  Figs.  2  and  3  show  that  with  partial  loads 
the  factor  of  fuel  cost  becomes  less  favorable  in  Diesel 


Ty'O'Cycle  DieselEngine 
r  unning  on  6as  Oil 


Four-cycle  Diesel  Engine  running 
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■  ■  Two  and  Four-Cycle  Diesel  Engines 
using  Tar  Oil 

Steam  Turbine  using  Peat  Fuel 

5  team  Turbine  using  Raw 
'Lignite  Oil 
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Fig.  3.    Heat  Price  in  Steam  Turbines  and  Diesel 

Engines  per  Effective  Horsepower  at  Full  and 

Part  Loads,  Disregarding  the  Efficiency  of 

THE  Electric  Generator 

plants.  It  should  be  added,  however,  that  the  operating 
conditions  of  the  steam  plant  are  assiimed  to  be  very 
favorable,  namely,  admission  pressure  of  steam  12  at- 
mospheres (176  lb.),  and  temperature  325  deg.  C,  with 
normal  delivery  of  cooling  water.  If  conditions  are  less 
favorable,  the  consumption  of  steam  increases  consider- 
ably. 

Total  Operating  and  Fuel  Cost.  The  influence  of  fuel 
on  the  total  operating  cost  depends  on  the  following 
items : 

(1)  Heat  consumption  per  unit  of  output. 

(2)  Heat  price. 

(3)  Engine  capacity. 

(4)  Eatio  of  actual  operating  hours  to  the  maximum 
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]'<)ssible  o])erating  hours  per  annum.  In  other  •n-ords,  the 
influence  of  fuel  cost  is  proportional  ( 1 )  to  the  local 
fuel  cost,  and   (2)  to  the  load  factor 

Rated  capacity  X  annual  operating  hours 
24  X  365 

The  higher  these  values  are  the  greater  is  the  import- 
iuice  of  the  fuel  cost  in  the  total  operating  expenses.  The 
other  items  are:  interest  and  amortization  of  initial  capi- 
tal, administration  and  attendance,  lubrication  and  eleau- 
iiig  materials,  upkeep  and  repair.  The  influence  of  fuel 
cost  dominates  with  high  heat  prices  and  high  load  fac- 
tor. The  influence  of  interest  and  amortization  dominates 
with  low  load  factor  and  low  heat  prices,  especially  when 
plants  serve  as  auxiliary  or  reserve.  Therefore,  Diesel  en- 
gines   are    not    adapted    to    the    latter    purposes,    also 
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Sfeam  Turbine  2000  Effecfive 
Hp.  3000  Rev.perMin.  includ- 
ing Losses  in  Boiler  and 
Power  required  in  Condenser 


(TAR -OIL) 
Two  -  cycle  Diesel  Engine 
Four-cycle  Diesel  Engine 
Each  2000  Hp.  150  Rev. 
per  Mm. 


500      1000      1500     2000 
Effective     Horsepower  mjt.^ 

Fig.  .3.    Heat  Consumption  of  Steam  TrRBixEs  and 

Diesel  Engines  per  Effective  Horsepower  at  Full 

and  Part  Loads,  Disregarding  the  Efficiency 

of  the  Electric  Generator 

not  for  covering  occasional  ])eak  loads,  because  in  this 
case  the  initial  cost  of  the  additional  plant  must  be  kept 
a«  low  as  possible,  in  order  that  the  high  interest  and 
amortization  charges  may  not  burden  the  few  operating 
hours  of  the  auxiliary.  An  exception  to  this  rule  ob- 
tains in  ca.ses  where  immediate  starting  ability  is  re- 
quired. Tlieii  the  Diesel  oil  engine  is  superior  to  the 
steam  turbine. 

There  are  some  cases  which  require  special  considera- 
tion, for  exam|)le,  when  a  central  .station  is  located  direct- 
ly at  the  mouth  of  the  coal  pit,  which  is  a  growing  prac- 
tice nowadays,  or  when  it  is  situated  in  the  midst  of  lig- 
nite and  peat  bogs,  or  in  the  direct  vicinity  of  oil  wells. 
In  this  case  the  fuel  ccst  is  very  low  and  the  steam  tur- 
bine is  superior  to  every  other  power  generator,  becau.se 
its  initial  cost  is  small.  The  same  holds  true  in  the  case 
of  an  electric  power  station  which  is  to  utilize  the  waste 
gases  of  blast  furnaces,  provided  there  are  no  steel  plants 
or  rolling  mills  attached  to  the  furnaces  which  can  use 
the   surplus   energy.      Even    though   a  gas-engine   plant 
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consumes  only  half  the  quantity  of  gas  that  the  turbine- 
driven  unit  does  for  the  same  output,  the  latter  is  su- 
perior, all  points  considered.  For  this  very  reason  there 
aie  more  steam  turbines  and  engines  used  in  the  Baku 
and  Galician  oil  fields  than  Diesel  engines. 

Another  case  where  the  steam  turbine  is  superior  to  the 
Diesel  engine  is  when  the  wa.ste  heat  of  the  plant  can  be 
litilized,  especially  when  steam  is  used  in  considerable 
quantities  for  heating  purposes.  In  central-station  work 
this  will  hardly  be  the  ease,  though  in  some  cities,  Xiirn- 
berg,  for  example,  the  waste  steam  of  the  central  .station 
is  used  in  a  public  bath.  If  all  the  waste  steam  can  be 
utilized  the  turbine  becomes  equal  in  thermal  efficiency 
to  the  Diesel  engine  and  superior  in  economic  excellence, 
on  account  of  the  lower  initial  cost  and  the  cheaper  ab- 
solute fuel  price.  In  the  case  of  small  Diesel  plants  the 
utilization  of  wa.ste  heat  does  not  pay,  because  the  amount 
available  is  too  small  to  produce  a  sufficient  quantity  of 
steam  or  hot  water  (about  300  to  400  calories  ]ier  effective 
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'"•'"^  Effective    Horsepower 

Fig.  4.    Initial  Cost  per  Effective  Horsepower  of 

Complete  Power  Stations,  Xot  Including  Real 

Estate,  in  Germany 

horsepower-hour).  In  the  case  of  larger  Diesel  plants  the 
hot  cooling  water  is  preferably  used  in  circulating  heat- 
ers, and  the  heat  of  the  liurnt  gases  is  utilized  in  econo- 
mizers for  preheating  the  feed  water  of  boilers,  as  is  done 
in  the  central  station  of  Halle  a.S.  Finally,  the  Diesel 
oil  engine  is  not  suitable  when  units  of  over  4000  kw. 
or  6000  hp.  are  to  be  installed.  In  all  other  cases  a  com 
parative  computation  must  ascertain  whether  a  pure  tur- 
bine or  a  pure  Diesel  plant  is  to  be  used,  or  whether 
a  combination  of  the  two  types  gives  the  highest  economic 
efficiency.  This  is  particularly  necessary  when  an  exist- 
ing steam-driven  central  station  is  to  be  enlarged  and 
accurate  operating  results  are  available  to  form  the  basis 
of  conqjarative  calculations. 

IiiHial  Cost  of  Complete  Stations.  In  addition  to  the 
above  reproduced  curves  showing  heat  price,  heat  utiliza- 
tion aiul  consumption  of  cooling  water.  Fig.  4  gives  a 
graphic  idea  of  the  comparative  initial  cost  of  the  two 
types  per  effective  horsepower  for  all  sizes.  The  prices 
given  refer,  of  course,  to  German  conditions,  but  are 
nevertheless  interesting.  The  number  of  types  of  Diesel 
engines  among  wliich  a  selection  may  be  made  being  com- 
paratively small,  the  curve  of  initial  cost  is  simple.  In 
the  case  of  the  steam  turbine  a  great  deal  depends  upon 
the  selection  of  the  units ;  hence  the  initial  costs  are 
represented  in  form  of  a  strip,  the  lower  limiting  curve 
of  which  gives  the  minimum  values,  and  the  middle  curve 
the  normal  values  which  may  be  attained.  The  cost  of 
real  estate  and  the  initial  expense  for  water  supply  (ir 
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eooling-tower  plants  are  not  influded  in  either  case.  If 
these  are  required  they  are,  of  course,  more  expensive  in 
turbine  plants  than  in  Diesel  plants.  The  cost  of  at- 
tendance of  both  types  may  be  considered  as  nearly  equal, 
because  the  higher  expenditures  for  waste  and  lubrication 
of  the  Diesel  engine  are  counterbalanced  to  some  extent 
by  the  additional  expenditures  for  the  attendance  of  the 
boiler  house.  In  the  case  of  large  units,  steam  turbines 
are  again  greatly  superior,  in  this  relation,  to  Diesel  en- 
gines. The  total  annual  operating  costs  of  electric  central 
stations  of  15.000  hp.  =  10,000  kw..  equipped  with  steam 
turbines  and  Diesel  oil  engines  respectively,  are  graphical- 
ly shown  in  Fig.  o. 

Summary  of  Residt!<.  If  a  new  central  station  of  small 
capacity,  say  up  to  1000  hp.  total  output,  is  to  be  built, 
the  Diesel  engine  under  normal  conditions  is  the  most 


space,  no  special  permit  required,  simple  fuel  supply, 
possibility  of  storing  large  quantities  of  fuel  in  tanks 
without  loss,  are  other  advantages  of  the  Diesel  auxiliary. 
If  strikes  or  other  interruptions  in  the  supply  of  coal  oc- 
cur, the  Diesel  engine  is  extremely  useful,  because  it  may 
be  operated  independently,  the  oil  being  pumped  in  au- 
tomatically, and  no  special  attendance  being  required. 
The  central  station  of  Halle  is  remarkable  and  well  worth 
\isiting  for  the  automatism  of  its  fuel  supply.  The  stor- 
age and  supply  of  coal  to  the  boilers,  even  if  automatic,  is 
much  more  expensive  and  largely  dependent  upon  the 
attendants,  who  may  impair  the  continuity  of  the  opera- 
tion. This  danger  is  specially  imminent  if  the  bunkers 
in  the  boiler  room  are  not  very  large.  Moreover,  the 
storage  of  coal  involves  considerable  heat  losses  and  lia- 
bility to  self -ignition  and  fire. 
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Fig.  5.   Anxcal  Operatin-g  Cost  of  ax  Electric  Central  Station  of  15,000  Eff.  Hp.  (10,000  Kw.) 

Total  Capacity,  in  Germany 


advantageous  mode  of  generation,  imless  special  fuel  con- 
ditions prompt  the  application  of  piston  steam  engines. 
Steam  turbines  are  in  no  case  advisable  for  small  ca- 
}>acities.  In  the  case  of  central  stations  of  medium  size, 
from  1000  to  6000  hp.  total  output,  the  steam  turbine 
will  prove  superior  in  many  cases.  For  capacities  beyond 
6000  hp.  or  4:000  kw.  it  is  the  only  type  to  be  adopted. 
Xevertheless,  the  large  Diesel  oil  engine  may  prove  an 
exceedingly  valuable  auxiliary  to  the  steam  turbine  in 
iricdium  and  large  central  stations.  Besides  being  eco- 
jiomically  comparable  with  the  steam  turbine  in  case  of 
high  load  factor  and  high  local  fuel  cost,  even  for  large 
work,  there  is  the  immediate  readiness  to  start  and  the 
avoidance  of  fuel  losses  during  .stoppages,  which  commend 
the  Diesel  engine  for  that  purpo.«e.  Even  the  largest, 
units  can  be  started  within  two  minutes  and  connected 
in  parallel  on  the  line,  and  loaded  up  to  their  full  capac- 
ity. This  is  very  convenient  in  case  of  a  breakdown  or  a 
sudden  increase  of  load  in  the  central  station.  Small  floor 


The  following  conclusions  ai'c  formulated  by  the 
author : 

(1)  For  capacities  of  over  1000  hp.  the  initial  capital 
outlay  for  a  Diesel  plant  is  higher  than  that  required 
for  a  turbine  plant  of  the  same  size.  Hence  the  amount 
of  interest  and  amortization  per  unit  of  output  is  also 
higher  in  the  Diesel  plant.  These  items,  however,  are 
of  decisive  importance  only  if  the  load  factor  of  the  sta- 
tion is  low.  For  higher  loads  they  drop  out  of  the  cal- 
culation. As  far  as  the  item  of  operating  cost  is  con- 
cerned the  Diesel  engine  is  not  to  be  recommended  as  an 
auxiliary.  Only  when  the  immediate  readiness  to  start 
is  a  chief  consideration  is  the  Diesel  engine  superior. 

(2)  The  cost  of  heat  per  unit  capacity  in  Diesel  en- 
gines is  considerably  lower  than  in  steam  turbines,  pro- 
vided the  local  price  per  100,000  calories  is  5c.  or  more. 
or  if  unfavorable  water  conditions  prevent  the  utilization 
of  the  highest  possible  vacuum  in  the  condenser  of  the 
turbine  plant. 
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(3)  With  low  load  factors  and  low  local  fuel  cost  a 
steam  turbine  is  the  only  mode  of  generation  to  be  em 
ployed  for  large  work,  never  a  Diesel  engine. 

(4)  With  high  load  factor  and  high  local  fuel  cost 
the  case  is  reversed,  a  Diesel  plant  being  more  eco- 
nomical. 

( 5 )  The  advantages  of  both  types  may  in  many  cases 
be  combined  by  installing  Diesel  engines  and  steam  tur- 


lunes  together,  the  former  taking  care  of  the  continuous 
load  or  part  of  it,  and  the  latter  of  the  peak  loads,  occur- 
ring during  few  hours  of  the  day.  This  distribution 
commends  itself  on  account  of  the  lower  initial  cost  of 
the  steam  turbine  and  of  the  possibility  of  augmenting 
the  output  of  high-pressure  boilers  for  some  time'.  Quite 
i,  number  of  combined  plants  of  this  character  are  al- 
ready in  operation  on  the  European  continent. 


Smoke  Prevention 


By  a.  C.  W1L.S0X 


SYNOPSIS — Some  suggestions  for  burning  coal  with  a 
minim u in  of  smoke.  The  author  points  out  that  the 
chief  difficulty  as  regards  smoke' legislation  is  to  prove 
that  a  chimney  so  habitually  emits  smoke  a.s  to  he  a 
nuisance. 

Increased  attention  is  being  paid  every  year  to  the  pub- 
lic nuisance  caused  by  smoke  from  factory  chimneys,  but 
considerable  ignorance  as  to  the  real  problem  involved  is 
often  shown  by  those  most  active  in  complaining  of  the 
smoke  nuisance.  Such  legislation  as  exists  only  imper- 
fectly provides  for  the  detection  of  offenders. 

Among  other  fallacies  are  the  following:  (1)  That 
smoke  is  caused  by  incomplete  combustion  of  coal  due  to 
insufficient  air  being  supplied  to  the  furnace;  (3)  that 
the  loss  of  heat  due  to  incomplete  combustion  represents 
a  considerable  proportion  of  the  total  heat  in  the  coal 
and  (3)  that  smoke  can  be  easily  prevented. 

As  regards  legislation,  the  principal  difficulty  is  to  es- 
tabli.sh  a  basis  on  which  it  can  be  easily  proved  that  a  par- 
ticidar  chimney  so  habitually  emits  smoke  as  to  consti- 
tute a  nuisance.  Such  laws  as  exist  either  leave  each 
case  to  be  fought  out  on  the  general  ground  of  whether 
a  nuisance  exists,  or,  if  it  is  attempted  to  make  any 
clearer  definition,  the  emission  of  black  smoke  is  pro- 
hibited. 

Even  if  there  could  be  no  question  as  to  whether  smoke 
is  black,  smoke  of  less  density  may  be  as  great  a  nuisance 
as  black  smoke  in  respect  to  pollution  of  the  atmospiiere. 
The  nuisance  is  caused  by  sending  particles  of  unburnt 
carbon  or  hydrocarbons  into  the  air,  and  tiie  density  of 
smoke  may  be  reduced  to  almost  any  degree  by  simply 
diluting  it  with  air  without  altering  the  total  amount  of 
solid  matter  emitted.  To  compare  the  amount  of  pre- 
ventable smoke  discharged  from  two  chimneys  it  is  nec- 
essary to  know  the  amount  of  coal  being  burnt  in  the 
furnaces.  Many  so  called  smoke-preventing  devices  sim- 
ply aim  at  diluting  the  gases  with  excess  air  during  the 
time  smoke  is  nujst  likely  to  be  given  off. 

Very  few  boiler  furnaces  fail  to  supply  sufficient  air  for 
the  com])lete  conii)Ustion  of  the  coal  (ired  in  them.  About 
12  lb.  of  air  is  necessary  to  supply  the  oxygen  for  com- 
pletely t)urning  1  lb.  of  coal  and  under  actual  conditions 
most  furnaces  pass  from  20  to  3(»  11).  of  air  per  pound  of 
coal.  'J'he  reason  smoke  is  emitted  is  that  the  air  is  not 
intimately  mixed  with  the  carbon  and  is  not  at  a  suffi- 
ciently high  tem])erature. 

The  problem  of  insuring  complete  combustion  of  bitu- 
minous coal  is  mainly  one  of  temperature  and  involves 
continually  kcejjing  the  furnace  at  a  high  temperature, 


which  is  by  no  means  easy.  In  the  first  place,  the 
gases  are  reduced  in  temperature  by  coming  in  contact 
with  the  comparatively  cold  boiler  plates ;  again,  the  fur- 
nace temperature  is  lowered  every  time  fresh  coal  is 
thrown  on  the  fire.  One  must,  therefore,  aim  at  pre- 
venting any  gases  from  coming  in  contact  with  the  heat- 
ing surfaces  except  such  as  are  products  of  complete 
combustion  and  also  at  introducnig  fresh  coal  in  such  a 
manner  as  to  avoid  reducing  the  furnace  temperature 
either  by  reason  of  the  low  temperature  of  the  coal  itself 
or  by  the  rush  of  cold  air  accompanying  it. 

To  fire  in  such  small  quantities  that  the  amount  of 
green  coal  on  the  bars  at  any  time  is  insufficient  to  ap- 
preciably reduce  the  furnace  temperature  would  involve 
continuous  work  such  as  no  human  being  would  per- 
form. 

Possibly  the  best  attempt  at  smokeless  hand  firing 
can  be  attained  by  adopting  the  coking  system,  that  is, 
firing  green  coal  only  on  the  dead  plate  and  the  front 
part  of  the  grate  and  gradually  pushing  it  to  the  back 
after  all  the  hydrocarbon  gases  have  been  driven  off  and  it 
has  become  an  incandescent  mass.  This  method  of  firing, 
however,  is  impossible  unless  the  boiler  is  worked  at  a 
low  rate,  as  the  coking  process,  during  which  the  hydro- 
carbons are  given,  off,  is  comparatively  slow  and  the  effect 
is  to  reduce  the  available  grate  area  of  the  boiler  by 
about  one-half.  If  boilers  are  worked  at  a  high  rate  it 
is  impossible  to  fire  them  by  hand  without  smoke  and 
the  only  practicable  cure  generally  is  to  increase  the 
number  of  boilers. 

Mechanical  stokers  more  nearly  comply  with  the  con- 
ditions for  smokeless  combustion  because  the  coal  is  fed 
without  opening  the  fire  doors  and  in  small  quantities  at 
a  time,  if  not  continuously.  That  they  do  not  always 
succeed  in  working  without  producing  smoke  is  gen- 
erally due  to  the  attempt  to  force  the  fires.  This  results 
in  a  low  furnace  tem|)erature  because  there  is  too  much 
green  coal  on  the  bars. 

A  sharp  draft  is  absolutely  necessary  for  nuiintaining  a 
high  furnace  temperature  and  the  greater  the  amount  of 
coal  burned  per  square  foot  of  grate,  the  sharper  must 
be  the  draft,  otherwise  a  fire  is  obtained  which  is  in- 
candescent underneath  and  more  or  less  green  on  the  top. 
Further,  the  draft  must  be  well  distributed  or  the  fuel 
bed  will  develop  holes,  as  hai)])ens  with  some  types  of 
forced-draft  furnaces  where  the  draft  is  jtroduced  by 
blowers  or  steam  jets. 

Such  furnaces  often  give  a  fire  having  several  bright 
patches  in  a  bed  of  green  coal  and  the  half-burnt  gase« 
from  tlie  green. coal  never  become  intimately  mixed  with 
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the  hotter  products  and  consequently  pass  away  as  smoke. 
Unless  smoke  is  consumed  in  the  furnace  it  never  will 
be  consumed ;  it  may  be  so  diluted  as  to  be  light  in 
color,  but  the  objectionable  matter  is  being  expelled  into 
the  air  just  the  same. 

As  to  the  connnon  fallacy  that  smoke  necessarily  repre- 
sents a  large  waste  of  fuel,  a  chimney  may  be  smoking 
badly  and  yet  the  amount  of  heat  lost  by  incomplete 
combustion  may  be  negligible.  The  writer  lias  tested  the 
gases  at  the  base  of  a  number  of  smoky  chimneys  and 
has  found  that  an  average  of  1  per  cent,  of  carbon  monox- 


ide in  the  gases  is  very  seldom  reached.  As  high  a  per- 
centage as  this  is  only  obtained  when  there  is  little  di- 
lution with  excess  air  and  when  the  carbon  dioxide  pres- 
ent is  high,  say,  10  to  12  per  cent. 

Assuming  the  composition  of  the  flue  gases  to  be  carbon 
dioxide  (CO,)  12  per  cent.,  carbon  monoxide  (CO)  I 
per  cent.,  oxygen  6  per  cent.,  nitrogen  81  per  cent,  and 
the  calorific  value  of  the  fuel  to  be  12,500  B.t.u.  per  lb. 
the  heat  lost  by  incomplete  combustion  represents  about 
5  per  cent,  of  tJie  total  availahlc  heat  in  the  fuel,  whicli 
is  much  less  than  many  imagine. 


Power  Transmission  by  Compressed  Air* 


iSYXOrsiS — Why   compressed  air  has  been   considered 
as  an  inefficient   in  cans  of  power  transmission  and  im- 
provements made  by  manufacturers  which  have  brought 
if  to  an  equality  with  electrical  transmission. 
H 

In  steam-driven  machines  of  the  oldest  type  the  hori- 
zontal design  was  used,  with  the  steam  and  air  cylinders 
in  tandem.  Xo  water  jackets  or  spray  cooling  arrange- 
ment were  provided  for  the  air  cylinder,  and  the  piston 
speeds  averaged  from  200  to  300  ft.  per  min.  The  air 
valves  were  of  the  heavy  flat  type  or  of  rubber,  clearance 
spaces  were  anything  and  the  compressor  single-stage. 

Present-day  designs  are  mostly  vertical  and  of  the  in- 
closed type  employing  forced  lubrication  and  water  jack- 
eting for  the  cylinders.  For  pressures  from  70  to  100  lb. 
the  compressor  is  generally  two-stage.  In  a  general  way 
the  above  description  covers  the  major  portion  of  com- 
pressed-air plants  with  piston  speeds  up  to  500  or  600 
ft.  per  min.  Valve  gears  of  combined  mechanical  and 
automatic  type,  or  of  light  multiple-ported  small-lift 
types,  are  employed  and  clearance  spaces  are  down  to  2 
or  3  per  cent.  Wlien  in  some  instances  old  compressors 
of  the  first  mentioned  design,  or  somewhat  similar,  were 
discarded  and  a  new  plant  installed,  the  results  obtained 
easily  explain  why  compressors  have  for  long  been  con- 
sidered inefficient.  To  demonstrate  what  can  be  done  by 
installing  new  machines  a  case  is  mentioned  where  a  com- 
pressor of  four  times  the  capacity  of  the  old  machine 
taken  out  required  only  the  same  amount  of  steam  per 
hour. 

When  considering  the  general  question  of  compressed 
air  efficiency  it  is  necessary  not  only  to  examine  the  com- 
pressor, but  the  pipe  lines  and  the  plant  consuming  the 
air  must  be  considered ;  in  this  direction  there  has  been 
great  improvement.  Taking  a  wide  view  ot  the  matter  few 
engineers  have  given  much  study  to  compressed  air  and 
have  taken  for  granted  that  what  has  been  must  still  con- 
tinue. Looking  at  the  matter  from  this  standpoint,  what 
is  generally  found  in  inquiries  issued  for  large  compres.- 
ors?  The  capacity  of  the  machine  is  given;  if  steam 
driven,  steam  pressure  and  vacuum  are  mentioned;  if 
electrically  driven,  voltage.  It  is  not  general  that  steam 
consumption  is  asked,  and  on  very  rare  occasions  is  a 
capacity  test  called  for.  Such  a  test  when  made  is  seldom, 
if  ever,  any  check  on  the  output  of  the  machine,  the  test 
generallv  being  to  fill  a  reservoir  of  given  capacity  from 
atmospheric    pressure   to    final    working   pressure.      The 
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temperature  of  the  air  may  be  taken  or  may  not,  and  when 
taken  is  generally  mi.^leading  and  possibly  allows  of  error 
up  to  10  per  cent.  '  In  fact  it  is  questionable  whether 
there  is  one  compressor  at  work  at  the  moment,  the  actual 
capacity  of  which  is  known  correctly  through  a  test. 

The  actual  proof  that  any  given  machine  is  really 
delivering  the  full  amount  of  air  specified  is  not,  of  course, 
sufficient  to  prove  the  machine  the  best  possible,  as  some 
designs  may  require  more  power  to  compress  the  air,  due 
to  small  restricted  air  passages,  poor  cooling  arrangements, 
low  mechanical  efficiency,  etc.  On  the  other  hand  a 
machine  may  not  have  a  long  life  at  a  high  state  of  effi- 
ciency. After  all  what  the  user  wants  is  a  machine  to 
show  small  horsepower  for  air  actually  delivered,  and  a 
figure  representing  horsepower  to  compress  say,  everv'  100 
cu.ft.  of  air,  covers  volumetric  efficiency,  mechanical  effi- 
ciency, losses  in  compression,  etc. 

Taking  a  reciprocating  two-stage  air  compressor,  it  will 
be  found  that  a  figure  such  as  20.5  electrical  horsepower 
is  required  to  compress  and  deliver  every  100  cu.ft.  of 
air  up  to  100-lb.  pressure.  Such  a  figure  might  reason- 
ably be  expected  as  "covers"  for,  say.  90  per  cent,  motor 
efficiency.  For  steam-driven  machines  the  indicated 
horsepower  in  the  steam  cylinder  per  100  cu.ft.  of  air 
compressed  as  above,  should  be  about  20. 

Passing  to  present  designs  and  bearing  in  mind  the 
present  tendency  to  install  more  of  such  plants  in 
collieries  and  shipyards,  it  might  not  be  out  of  place  to 
give  an  idea  of  the  general  tendencies.  First  if  is  found 
in  a  general  way  that  colliery  units  range  from  about  1000 
to  5000  cu.ft.  and  the  electrically  driven  units  from  1000 
to  3000  cu.ft.  with  unit  horsepowers  from,  say,  200  to  600. 
These  represent  plants  placed  on  the  bank  and  power 
dra^vTi  from  local  power  companies'  mains.  In  some 
quarters  there  seems  to  be  a  tendency  to  try  in  the  mine 
smaller  semi-portable  sets  of  strong  and  efficient  design, 
with  more  attention  giveti  to  strength  and  simplicity  than 
was  hitherto  the  case,  when  lightness  was  considered  the 
main  necessity. 

Comparing  overall  efficiency  of  the  electrical  methods 
with  a  large  steam-driven  compressor  on  the  bank,  Mr. 
Barr  gives  the  following  losses.  In  the  steam-driven 
machine  the  mechanical  loss  is  10  per  cent,  and  transmis- 
sion losses  including  leakage  7  per  cent.  For  the  electrical 
plant  assume  the  current  generated  at  the  power  house, 
as  it  will  l>e  found  in  a  general  way  that  the  losses  in  the 
generation  will  equal  the  extra  charge  for  the  power  i- 
made  by  the  power  company.    Then  there  are  10  per  cmt. 
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mechanical  loss  in  the  engine,  10  per  cent,  loss  in  the 
dynamo,  5  per  cent,  loss  in  the  transmission  for  the  small 
semi-portable  machines  and  10  per  cent,  loss  in  the  motor 
driving  the  compressor.  For  largo  motor-driven  machines 
the  same  allowance  of  7  per  cent,  loss  for  air  transmission 
must  be  made  as  in  the  steam-driven  sets,  and  for  the 
small  semi-portable  sets  there  is  a  loss  of  3  per  cent,  for 
the  short  air  piping  and  leakage.  These  figures  are  all 
relative,  but  are  a  fair  mean  for  all  the  cases.  Steam  losses 
therefore  equal  17  per  cent.,  large  motor  sets  37  per  cent., 
and  small  motor  sets  38  per  cent.,  or  a  ditference  of  20  and 
21  per  cent.,  respectively,  representing  a  margin  to  cover 
extra  price  paid  to  power  companies,  or  a  figure  which 
will  make  it  possible  to  decide  whether  extra  interest 
could  not  be  readily  paid  on  the  extra  capital  for  the 
steam-driven  sets,  together  with  the  difference  in  running 
cost  and  upkeep  of  both  schemes. 

Jlr.  Barr  reviewed  the  changes  which  have  taken  place 
in  detail  of  construction,  such  as  cooling  arrangements, 
governing,  lubrication,  valve  gear,  etc.  Summarizing  he 
finds  with  a  large  installation  of  four  machines  of,  say, 
2.500  cu.ft.  capacity  each,  first,  no  automatic  stopping  gear 
is  wanted,  as  there  will  be  an  attendant  who  can  be  made 
use  of  for  any  starting  or  stopping  actually  wanted  over 
a  given  day.  But  if  in  an  electrically  driven  plant  one 
of  the  sets  had  a  variable-speed  motor  to  give  a  desired 
range  when  all  the  plant  was  in  use,  this  would  cover  all 
actual  requirements.  However,  an  additional  controlling 
gear  arranged  to  allow  so  much  air  to  be  discharged  before 
compression  starts,  would  give  a  plant  covering  all  pos- 
sible fluctuations  and  assure  high  efficiency  over  varying 
conditions,  with  the  extra  advantage  of  being  reasonably 
cheap. 

At  the  moment  automatic  valve  gears  are  those  most 
used,  and  certainly  it  would  appear  that  the  greatest 
progress  has  been  made  in  this  class.  They  take  the  form 
of  a  multiple-ported  or  grid  valve  with  very  small  lift,  the 
form  of  valve,  fixings  and  springs  being  covered  more  or 
less  by  various  patents.  Should  an  examination  be  made 
of  indicator  diagrams  taken  from  one  of  the  latest  high- 
speed machines  with  multiple-ported  valves,  it  would  be 
apparent  that  the  losses  due  to  throttling  either  on  the 
inlet  or  discharge  are  very  small  and  leave  little  margin 
for  improvement  in  this  direction. 

Where  it  was  common  to  install  single-stage  machines 
for  pressures  of  say,  60,  80  and  even  100  lb.,  two-stage 
(•om])ression  is  now  most  common.  An  increase  in  com- 
pressor efficiency  of  say,  10  to  15  per  cent,  is  obtained 
in  large  size  units,  which  also  makes  for  greater  reliablity 
due  to  absence  of  heating  troubles.  Further,  cooler  and 
drier  air  in  the  system  can  be  secured,  but  it  is  necessary 
to  have  intercoolers  of  reasonable  size,  1  sq.ft.  of  cooling 
surface  for  every  4  cu.ft.  of  air  compressed  to  100  lb.  not 
being  too  large.  I'he  intercoolers  are  also  better  if  placed 
outside  the  engine  rooms  in  the  atmosphere,  say  on  the 
shaded  side  of  the  building.  The  cylinder  cooling  in  the 
best  makes  of  machines  may  be  taken  as  generally  the 
most  efficient  possil)le,  as  most  compressors  now  have 
jackets  carried  entirely  around  the  cylinders  and  covers. 

Referring  to  the  question  of  reheating,  Mr.  Barr  admits 
that  it  would  certainly  add  considerably  to  the  efficiency 
of  a  compressed-air  installation.  Tn  collieries  however, 
the  air  is  not  used  at  one  particular  spot;  t/i  heat  the  air 
immediately  after  leaving  the  compressor  to,  say,  350  deg. 


F.  and  then  pass  it  along  a  distance  of  perhaps  1000  ft. 
is  simply  wasting  money. 

With  newer  designs  of  machines  where  piston  speeds 
are  higher,  more  care  must  be  taken  of  air-cylinder  lubri- 
cation. In  fact,  more  trouble  develops  from  the  use  of 
unsuitable  oils  in  the  cylinders  than  is  necessary.  The 
same  conditions  do  not  prevail  in  an  air  cylinder  as  in  the 
average  steam  cylinder,  where  condensation  can  always  be 
depended  upon  to  assist  towards  lubrication.  In  the  air 
cylinders,  although  there  is  moisture  in  the  air,  this  will 
not  deposit  at  the  high  temperature.  Tn  fact,  the  air 
cylinders  will  run  very  dry  and  seizures  will  be  the  rule  if 
proper  care  is  not  taken.  For  air-cylinder  lubrication  an 
oil  with  high  flash  point  is  needed,  which  will  leave  little 
or  no  deposit,  such  as  high-class  gas-engine  oil. 

These  remarks  do  not  refer  to  compressors  other  than 
the  usual  machines  for  pneumatic  tools  and  uses  requiring 
similar  pressures.  For  higher  pressures  machines  of  three- 
and  four-stages  are  necessary. 

Air  compressors  can  now  be  had  very  much  higher  in 
efficiency  than  ten  years  ago.  More  care  is  being  taken  in 
the  layout  of  piping  systems,  and  if  this  betterment  were 
carried  into  the  plant  which  consumed  the  air,  there  would 
be  shown  in  such  places  as  collieries,  results  equal  to  the 
best  electrical  schemes.  This  statement  does  not  suggest 
that  over  an  instantaneous  reading  an  overall  efficiency 
could  be  shown  with  air  equal  to  electricity,  but  taking  a 
year's  comparison  with  all  upkeep  charges,  running  cost 
and  interest  on  differences  in  invested  capital,  or  in  other 
words  the  cost  per  ton  of  coal  raised  averaged  over  a  year, 
the  costs  would  be  much  the  same.  This  is  the  coiTect 
test  and  the  efficiency  which  really  matters. 

Power  Plant  Operation  in  the  Army 

Brig.-Uen.  Weaver,  chief  of  the  Coast  Artillery  Corps 
TJ.  S.  A.,  in  his  recent  report  to  the  Secretary  of  War^ 
ha.s  this  to  say  of  the  corps  method  of  training  its  men 
in  the  operation  of  the  electric  power  plant: 

The  War  Department  some  years  back  provided  courses 
oi  instruction  for  officers  and  enlisted  men  at  the  Coast 
Artillery  School  at  Fort  Monroe.  Ya.,  that  had  for  their 
object  precisely  the  training  of  selected  oflicers  and  en- 
listed men  for  these  technical  duties. 

Accordingly  there  are  among  the  commissioned  per 
sonnci  of  the  coast-artillery  officers  who  are  designated  ai; 
"artillery  engineers,"  and  among  the  enlisted  personnel 
noiiconnnissioned  .«tafT  ofiicers  with  the  grades  of  "en- 
gineer," "li reman."  "master  electrician,"  "electrician  ser- 
geant" (lirsl  and  second  class)  and  "master  gunner," 
whose  dutii's  relate  particularly  to  the  care,  preservation 
and  maintenance  of  the  electrical  and  mechanical  equi|)- 
inenl  in  condition  of  thorough  serviceability. 

Based  on  the  estimates  of  the  Xational  Coast  Defense 
Board,  the  ])ercentages  of  completion  of  electrical  in- 
stallations necessary  for  full  ])r(itection  of  home  ])orls 
are:  Search-lamps,  41  ]ier  cent.;  ixiwer  plants,  50  ])er 
cent.,  and  submarine  mines  and  structures,  81   per  cent. 

The  power  ])lant  at  Fort  Monroe  is  operated  entirely  by 
(mlisted  men  of  the  Coast  Artillery  Corps  under  the 
su])ervision  of  the  head  of  this  de])artmeiit  of  the  school. 

The  results  obtained  in  the  operation  of  this  plant 
have  been  very  satisfactory,  an  average  daily  ])0wcr 
and  lighting  output  of  1200  kw.-hr.  for  the  12  months 
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ended  Feb.  39,  1913,  having  been  produced  at  a  cost  per 
kilowatt-hour  at  the  switchboard  of  3.38c.,  including 
all  supplies,  repairs,  labor  and  depreciation,  or  of  l.l^'c, 
excluding  labor  and  depreciation  costs. 

It  is  estimated  that  the  installation  of  this  plant  and 
its  present  use  for  post  lighting,  pumping,  fortification, 
school  and  heating  purposes  ha.s  resulted  in  a  decrease 
in  the  total  annual  maintenance  cost  of  the  school  and 
post  of  Fort  Monroe  of  approximately  $25.000 ;  or,  mak- 


ing allowance  for  labor  of  all  enlisted  personnel  involved 
and  for  depreciation  cost  of  plant,  is  an  annual  net  com- 
mercial saving  of  over  $13,000. 

It  is  indicative  of  the  high  opinion  held  of  this  pJant 
in  commercial  circles  that  some  of  the  mo.st  prominent 
)nauufacturers  of  engineering  apparatus  in  the  United 
.States  have  cited  it  as  exemplifying  in  a  noteworthy  man- 
ner the  efficiency  that  can  be  obtained  with  isolated  plants 
of  comparatively  small  capacity. 


The  Examiners  Examined 


The  position  of  chief  of  the  boiler-inspection  depart- 
ment of  Massachusetts,  which  department  has  also  charge 
of  the  examination  and  licensing  of  engineers,  became 
vacant  in  July  of  last  year  and  in  October  a  civil-service 
examination  open  to  members  of  the  department  was 
held.  Only  seven  of  the  nineteen  examiners  took  the  ex- 
amination and  only  three  of  these  obtained  the  65  per 
cent,  necessary  to  qualify. 

The  following  list  of  questions  is  sent  to  us  as  those 
asked  upon  this  occasion.     They  do  not  seem  to  over- 
weigh  in  difficulty  those  which  the  examiners  are  in  the 
habit  of  asking,  as  evidenced  by  questions  said  to  have 
been  asked  by  them  and  sent  to  us  for  solution. 
Civil  Service  Examination 
held  Oct.   14,  15,   1912,  for 
Acting  Chief  Inspector  of  Boilers. 
Commonwealth  of  Massachusetts. 
Mathematics:     (Given  weight  of  3  in  15) 

9  practical  problems,  including  one  to  be  solved 
by  logarithms. 
Spelling:     (Given  weight  of  1  in  15) 

20  words  selected  from  the  Boiler  Inspection  Law. 
Letter:      (Given  weight  of  3  in  15) 

To  consist  of  300  words  written  on  a  choice  of 
three  subjects,  namely — What  are  the  i^rime 
requisites  of  a  first-class  engineer?  Why  did 
you  select  engineering  as  a  life  work?  Which 
is  the  most  important  qualification  in  an  en- 
gineer; mechanical  ability  or  good  morals? 
Penmanship,  including  copying:  (Given  weight  of 
1  in  15) 

Copy  a  section  of  law. 
Practical  and  Technical  Examination:     (Given  weight 
of  8  in  15) 

Consisting  of  the  following  36  questions: 

1.  Sketch  all  the  essential  parts  of  a  compound-spring 
steam  gage,  regi.stering  both  pressure  and  vacuum. 

2.  How  many  B.t.u.  are  required  to  change  one  pound 
of  ice  at  zero  F.  to  steam  at  atmospheric  pressure? 

3.  What  is  meant  by  absolute  zero  of  temperature,  and 
bow  many  degrees  below  zero  on  the  Fahrenheit  scale  is 
it? 

1.  Show  by  figures  what  height  a  column  of  water 
will  be  lialarxed  by  a  pressure  of  11.7  lb. 

5.  The  low-pressure  cylinder  of  a  cross-compound  en- 
gine is  doing  more  work  than  the  high  pressure.  State 
fully  how  you  would  divide  the  work  evenly  between  the 
two  cylinders. 

6.  Do  these  indicator  diagrams  (representing  one  dia- 
gram taken  from  each  end  of  the  cylinder  of  a  steam  en- 
gine without  taking  the  paper  from  the  indicator  drum) 
show  that  at  any  time  during  the  stroke  the  resistance 


to  the  piston's  forward  motion  is  greater  than  the  effort 
tending  to  mo\c  it  forward?  If  so,  indicate  the  point 
where  this  is  so  and  show  by  figures  approximately  how 
much  the  resistance  exceeds  the  effort  and  also  state  fully 
why  the  engine  does  not  stop  at  or  near  the  point  you 
have  indicated.  Use  pair  of  ordinary  .slow-speed  four- 
valve  cards. 

7.  The  temperature  of  steam  supplied  to  an  engine  is 
S31.169  F.  and  the  temperature  of  the  exhaust  is  819.453 
F.     What  is  the  thermal  efficiency  of  the  engine? 

8.  If  a  condenser  is  added  to  the  above  engine  so 
that  the  temperature  of  the  exhaust  is  lowered  to  153.133 
F.,  what  will  be  the  increase  in  thermal  per  cent.? 

9.  As  the  difference  in  temperature  of  the  .steam  on 
entering  and  leaving  the  cylinder  of  a  steam  engine  is 
increased,  what  source  of  waste  is.  greatly  increased,  and 
how  can  this  waste  be  partially  avoided? 

10.  A  vacuum  gage  on  the  condenser  of  a  steam  en- 
gine shows  a  reading  of  27  in. ;  what  is  the  absolute  pres- 
sure in  pounds  per  .square  inch  in  the  condenser  ?  Barom- 
eter reads  30  in. 

11.  What  is  the  most  accurate  way  of  ascertaining 
the  steam  consumption  of  a  steam  engine  per  indicated 
horsepower,  and  how  may  the  steam  accounted  for  by 
the  indicator  be  obtained  from  the  indicator  diagram? 
What  is  the  value  of  such  a  determination  ? 

12.  Name  the  various  places  where  an  indicator  may 
be  advantageously  attached  and  state  what  information 
you  would  expect  to  obtain  from  cards  taken  from  the 
places  you  have  named. 

13.  What  does  the  term  "slip"  mean  as  applied  to  a 
pump?  With  a  pump  in  good  working  order,  about  what 
per  cent,  of  the  capacity  of  the  pump  does  the  slip  amount 
to? 

14.  What  does  tbe  term  "pump  duty"  mean?  Give 
an  example. 

15.  How  would  you  determine  how  large  a  feed  pump 
would  be  required  to  feed  the  boilers  of  a  given  plant? 

16.  In  feeding  a  boiler  with  an  injector  against  its 
own  steam  pressure,  where  does  the  power  come  from, 
and  could  the  same  injector  be  used  to  feed  a  .second 
boiler  carrying  steam  at  a  higher  pressure? 

17.  How  would  you  calculate  the  size  of  a  steam  main 
needed  for  a  battery  of  boilers  using  10,000  lb.  of  soft 
coal  per  hour.  The  highest  pressure  carried  is  150  lb. 
absolute  and  the  lowest  100  lb.  absolute.  The  specific 
volume  to  be  taken  as  3.1  and  4.4  respectively. 

18.  An  horizontal  tubular  boiler  with  30.37  ft.  of 
grate  is  under  forced  draft  and  50  lb.  coal  per  sq.ft. 
grate  per  hour  is  burned.  The  boiler  works  at  150  lb. 
absolute  pressure.  Determine  size  of  required  safety 
valve. 
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19.  Show  the  best  method  of  staying  the  lower  part 
of  tile  rear  sheet  in  a  cylindrical  multitubular  boiler,  hav- 
ing a  manhole  in  the  front  head. 

20.  A  plain  slide-valve  engine  has  %-iu.  outside  lap 
on  the  valve  and  Vi-m.  exhaust  lap.  Suppose  one-half  to 
be  taken  off  inside  lap  at  each  end.  What  changes  will 
take  place  in  the  events  of  the  stroke?  Explain  by  cards. 

21.  What  tests  are  necessary  to  determine  the  suit- 
ableness of  steel  plates  of  steam  boilers?  State  in  full 
as  to  the  proper  requirements,  physical  and  chemical. 

22.  What  is  meant  by  priming  in  a  boiler?  Would 
the  temperature  of  steam  at  a  gi.ven  pressure  vary  with 
different   degrees  of  priming? 

83.  Steam  from  a  150-hp.  engine  using  26  lb.  of 
steam  per  horsepower  per  hour  exhausts  into  a  surface 
Kjndenser  at  a  pressure  of  4  lb.  absolute,  the  tempera- 
ture of  the  condenser  water  being  55  F.  on  entering  the 
condenser  and  95  F.  on  leaving  the  condenser.  How 
many  pounds  of  condensing  water  are  required  per  hour 
for  this  engine? 

24.  A  surface  condenser  is  to  be  attached  to  an  en- 
gine capable  of  developing  (condensing)  350  hp.  The 
amount  of  steam  per  hp.  per  hour  is  19.5  lb.  How 
much  cooling  surface  should  the  condenser  have? 

25.  What  is  the  difference  between  the  real  and  ap- 
parent cutoff'  of  an  engine  and  how  is  the  real  cutoff 
found  when  the  apparent  cutoff  and  clearance  are  known? 
(live  an   example. 

2().  The  indicated  horsepower  of  an  engine  is  563.74 
and  the  net  horsepower  is  484.25.  What  is  the  mechani- 
lal  etficiency  of  the  engine? 

27.  Describe  an  inside  and  an  outside  fusible  plug, 
and  state  why  the  distinction  is  made  and  where  each 
sliould  be  used. 

28.  Why  is  it  diffieult  to  lift  hut  water  (in  a  Iniig  lift 
with  an  injector? 

29.  Wliy  are  two  wristplates  used  on  the  inw-pres- 
sure  cylinder  of  a  compound-  or  tri})le-expansion  C'orlis-; 
engine? 

30.  What  do  you  under.staud  by  a  "balanced  valve" 
in  a  .steam  engine?     Xame  some  balanced  valves. 

31.  When  is  steam  said  to  be  saturated  and  when 
superheated  ? 

32.  Design  a]id  calculate  a  double-riveted  l)utt  joint, 
furnishing  youi'  own  data. 

33.  H'  a  pop  valve  of  a  boiler  is  set  at  100  lb.  and 
the  same  fails  to  blow  Avhen  the  gage  indicates  110  lb., 
what  would  be  the  first  ste]i  to  ascertain  the  reason  for 
its  failure  to  l)low  at  100  |l).  ? 

34:  Suppose  two  boilers  of  the  satne  dimensions  with 
equal  grate  area,  one  carrying  100  llj.,  the  other  KiO 
lb.     Which  requires  the  largest  safety  valve?     Why? 

35.  State  tlie  possible  advantages  and  disadvantages 
cf  the  so  called  "high  lift"  s])ring  safety  valve  as  com- 
pared  witli   the  oi-dinary   lift    valvi'. 

3fi.  Stiile  ii]  full  how  you  wnidil  proceed  with  an  in- 
vestigation as  to  the  cause  of  a  boiler  eX])losion.  when 
there  iiad  been  seriou.s  damage  to  jjrojierty  or  loss  of  life. 


F.  T.  Monorail  System 

The  V.  T.  (fixed  tongue)  monorail  system  consists  of  a 
single  I-rail  with  the  wheels  of  the  trolley  running  on 
the  lower  flanges  of  the  rail.     The  main   feature  is  the 


means  of  switching  from  one  track   to  another  without 
the  operator  leaving  the  cab. 

On  approaching  a  track  switch  at  which  the  operator 
desires  to  run  from  the  main  to  the  spur  track,  a  steering- 
lever  on  the  trolley  near  the  controller  is  pulled.  This 
raises  a  horizontal  roller  to  a  position  in  which  it  engages 


Fig.  1.  Unloadixg  a  Coal  Cak 

a  curved  rib  on  the  underside  of  the  central  switch  tongue 
and  swivels  the  leading  track,  thereby  diverting  the 
trolle)'  onto  the  sjmr  track. 


5^    '^L                    ^ 

Fig.  2.    Di'mcixg  ixto  tiii';  Spokkr  Hoi'tm:!,' 

The  system  is  suitable  for  i)ower-])lant  work  in  unload- 
ing coal  from  cars,  as  shown  in  Fig.  1,  and  for  dum|)ing 
it  into  the  stoker  liop])ers.  as  shown  in  Kig.  2.  where  a 
load    has   just    been    dum)ied. 

This  .«ystem  is  made  by  the  Shaw  Electric  Crane  Co., 
Muskegon,  Mich.,  and  handled  by  Manning,  Maxwell  & 
Moore  Co.,  85  to  89  Liberty  St.,'Xcw  York  City. 
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Anthracite  Coal  Sizes — Actual 


PEA 


N?3- BUCKWHEAT  OR  BARLEY 


N2 1 -BUCKWHEAT 


N94--  BUCKWHEAT  or  CULM 


'2  2- BUCKWHEAT  OR  RICE 


standards  for  anthracite-coal  sizes  as 
recommended  by  the  American  Society  of 
Mechanical  Engineers  and  printed  in  the  So- 
ciety's Journal.  November,  1912. 

Screen  or  Opening  ( Circular ) 
Through  or  Over  Which  Coal 
Will   Pass.    Inches 
:im.  Through  Over 

Pea  i  A 

No.  1  buckwheat.  ti  A 

No.  2  buckwheat A  A 

No.  3  buckwheat -nr  ^ 

No.  4  buckwheat  or  culm A 

The  sizes  specified  by  the  New  York  City 
Department  of  Water  Supply,  Gas  and  Elec- 
tricity are  practically  the  same  as  the  above 
except  for  pea  coal,  which  is  specified  as  coal 
which  will  pass  through  %-in.  and  over  i/o- 
in.  openings. 
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Load  Curves  from  Ideal  Corliss  Engines 


On  a  recent  visit  to  the  shops  of  A.  L.  Ide  &  Sons,  at 
Springfield,  111.,  the  editor  found  one  of  their  new  four- 
valve  engines  upon  the  testing  floor,  and  was  shown  the 
very  complete  arrangements  and  apparatus  which  they 
have  for  determining  the  consumption  of  their  engines.  A 
request  for  some  of  their  test  results  has  brought  the  ac- 
companying curves,  which  are  full  of  interest,  showing 
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Indicated    Horsepower 
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23.6 


CCBVE.S    FROM    FiRST    TeST.      DrY-S.^TURATED    StEAM. 

Vi4  Lb. 

the  low  consumption  attained  by  the  use  of  superheat  and 
the  .sustained  efficiency  of  the  engine  through  a  wide  range 
of  load. 

The  engine  is  of  the  high-speed,  four-valve  type  and 
was  described  in  Tower  of  July  2,  on  page  So.  The  tests 
from  which  the  curves  reproduced  herewith  were  plotted, 
"•ere  made  upon  a  16x22-in.  engine  running  at  200  r.p.m. 
exhausting  into  the  atmosphere.  The  first  test  was  made 
on  Mar.  26  of  this  year  with  dry-saturated  steam  of  124- 
Ib.  gage  at  the  throttle.  The  minimum  consumption  is 
SI. 7  lb.  at  200  hp.,  or  831/3  per  cent,  of  the  full  load. 
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the  points  connected,  the  Willan's  line,  or  line  of  total 
steam  consumption,  will  be  produced.  This  line  runs 
straight  up  to  about  the  point  of  least  steam  consumption 
per  horsepower  but  rises  as  the  efficiency  falls  off  with 
the  overload.  The  best  result,  21.7  lb.  per  i.hp.-hr.,  corre- 
sponds with  a  Rankine  efficiency  of  71.8  per  cent,  and 
a  thermal  efficiency,  charging  the  engine  with  heat  above 
that  which  it  could  furnish  to  the  feed  water,  of  11.6  per 
cent. 

The  test  from  which  the  second  curve  was  plotted  was 
made  upon  the  same  engine  on  May  7  under  the  same 
conditions  except  that  the  steam  pressure  was  loO-lb. 
gage,  2.5  lb.  higher  than  in  the  test  just  considered.  With 
this  pressure  the  rated  capacity  of  the  engine  is  275  hp., 
and  its  steam  consumption  at  various  loads  was  as  fol- 
lows: 


50  137  3 

75  206.25 

100  273 

123  343  75 

Thr  Willan's  line  has  the  same  characteristics  as  be- 


Steam  lb. 

Total  steam  lb 

per  hp.-hr. 

per  hr. 

27.2 

1870 

22  2 
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20.8 
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20.8 
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(*URVE.s  FROM  Thihi)  Test,  125-lb.  Steam,  Superheat 
74  TO  133  Deg. 

fore.  The  best  steam  consumption  is  20.7  lb.  at  about 
240  hp.  or  87.3  per  cent,  of  the  rated  load.  This  is  a 
Kankine  efficiency  of  70.17  per  cent,  and  a  thermal  effi- 
ciency of  12.11  per  cent. 

The  test  from  which  the  third  curve  was  plotted  was 
made  with  .steam  of  125  lb.  pressure  with  superheat  vary- 
ing from  74  deg.  F.  at  one-quarter  load  to  133  deg.  at  25 
per  cent,  overload.  The  lowest  steam  rate  was  18.3  lb. 
per  hp.-hr.,  at  about  190  hp.  This  represents  a  Rankine 
efficiency  of  78.7  per  cent,  and  a  thermal  efficiency  of  13 
l)er  cent.  The  curve  of  the  tost  with  saturated  steam  at 
the  same  pressure  is  indicated  upon  this  chart  by  a  dotted 
line. 


The  total  amounts  of  steam  required  at   various  loads 
are  as  follows : 


Load  per  cent. 

Steam  lb. 

Total  .steam  lb 

of  ratiiiK 

Ix)ad  hp. 

per  hp.-hr. 

per  hour 

25 

60 

X 

30 

= 

1800 

50 

12f) 

X 

23.4 

= 

2808 

75 

180 

X 

21.8 

= 

.3024 

100 

240 

X 

22  0 

= 

52.SO 

125 

300 

X 

23.6 

= 

7080 

If  these  values  be  set  off  upon  the  ordinates  correspond- 
ing to  the  respective  loads  to  the  scale  at  the  riglit,  and 


.nnr  of  the  largrest  dams  in  Europe  was  offlciaUy  put  in 
service  on  Nov.  16  In  the  presence  of  the  German  Emperor. 
The  dam  spans  the  Holier  valley  In  the  Prussian  part  of 
.Silesia  and  forms  with  the  dam  at  Marklissa  the  backbone 
of  the  hlRh- water  protection  project  planned  In  1900.  It  is 
920  ft.  long  at  the  crest  and  460  ft.  at  the  base.  200  ft.  high 
on  an  average.  24',4  ft.  thick  at  the  crest  and  164  ft.  at  the 
base.  Cyclopean  masonry  amounting  to  332.000  cu.yd.  was 
used  In  the  construction.  The  capacity  of  the  reservoir  is 
1,760,000.000  cu.ft.  and  the  area  of  the  surface  is  600  acres, 
formlncr  a  lake  5V4  miles  lonK.  Topether  with  the  necessary 
real   estate   purchases   the    eost    nf    the   dam   was    $2,450,000. 
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Motors  and  Motor  Applications — II. 

By  a.  B.  Moi!i;i.sox.  Jn. 
Variable-speed  Ixductiox  Motors 

The  great  disadvantage  of  the  alternating  current  as 
compared  with  the  direct  current  is  the  inability  to  ob- 
tain a  simple  motor  which  will  give  constant  horsepower 
with  varialjle  speed.  In  general,  there  are  two  types  of 
variable-speed  motors;  one  is  constant  horsepower  varia- 
able  speed,  or,  to  put  it  another  way,  a  variable-torque 
variable-speed  motor;  the  other  type  is  constant-torque 
variable-speed  motor  in  which  the  horsepower  is  propor- 
tional to  the  speed.  There  is  no  alternating-current  motor 
in  which  the  first  class  of  speed  control  can  be  obtained. 

There  are  several  methods  by  which  the  speeds  of  in- 
duction motors  may  be  varied.  These  are,  briefly :  Vary- 
ing the  frequency,  changing  numl^rn-  of  poles,  varying 
the  rotor  resistance,  using  two  or  more  motors  connected 
in  concatenation  and  varying  the  applied  voltage.  Of 
all  these  methods,  only  two  are  commonly  used  in  ordin- 
ary motor  applications;  these  are:  Changing  number  of 
poles  and  varying  the  rotor  resistance.  The  others  are 
applicable  only  in  very  special  cases. 

The  speed  of  an  induction  motor  is  equal  to 
60  X  frequency  in  cycles  per  second 
2  X  number  of  poles 

From  this  it  is  evident  that  the  speed  can  be  decreased  by 
increasing  the  number  of  pairs  of  poles.  This  is  accom- 
plished by  using  either  one  winding  with  a  controller  so 
arranged  that  the  connections  can  be  changed  to  give  one- 
half  or  double  the  number  of  poles  or,  where  several  speeds 
are  required,  by  using  separate  windings  with  a  controller 
arranged  as  described.  Usually  the  squirrel-cage  type  is 
used  for  this  purpose,  because  it  is  necessary  then  to 
change  only  the  stator  connections.  A  wound  rotor  can  be 
used,  but  in  this  case  it  is  necessary  to  change  the  rotor 
connections  also.  Usually  multi-speed  induction  motors  are 
designed  for  full  and  one-half  speed  or  in  some  cases, 
for  four  speeds  as  1800,  1200,  900  and  600  r.p.m.  The 
last  speed  range  mentioned  is  not  practicable  for  anything 
but  squirrel-cage  motors. 

A  motor  in  which  the  speed  is  altered  by  changing  the 
number  of  poles  is  essentially  a  constant -torque  motor  and 
the  horsepower  is  proportional  to  the  speed.  At  any  given 
speed  the  operation  of  the  motor  is  stable;  that  is,  it 
will  operate  at  a  constant  speed  dependent  on  the  num- 
ber of  poles  and  independent  of  the  load,  barring,  of 
course,  the  slight  drop  in  speed  from  no  load  to  full  load. 
The  speed  changes  occur  in  steps,  however,  and  not 
gradually;  for  instance,  with  the  motor  operating  at  a 
synchronous  speed  of  1800  r.p.m.,  the  next  lower  speed 
is  1200  r.p.m.,  and  there  is  no  intermediate  speed.  With 
a  wound-rotor  motor  it  would  be  possible  to  use  a  resist- 
ance for  getting  speed  variations  between  any  two  fixed 
speeds,  but  the  arrangement  would  be  cumbersome  and 
the  speed  control  not  suited  to  many  classes  of  work. 


The  disadvantages  of  the  pole-changing  method  of  con- 
trol are  the  great  number  of  connections  required  if  the 
speed  variation  is  to  be  greater  than  2  to  1,  the  necessity 
of  opening  and  closing  the  primary  circtiit  every  time  the 
speed  is  changed,  and  the  decreased  power  factor  at  the 
lower  speed.  The  efficiency  of  changeable  pole  motors 
is  approximately  the  same  at  all  speeds.  Also,  the  maxi- 
mum and  starting  torques  are  approximately  the  same 
as  for  standard  motors  of  the  same  size  and  type. 

By  using  a  wound-rotor  motor  with  a  resistance  which 
can  be  adjusted  by  means  of  a  controller  the  speed  can 
be  adjusted  below  normal.  Such  a  motor  gives  a  con- 
i^tant  torque  at  any  given  speed  and  load ;  hence  the 
horsepower  is  directly  proportional  to  the  speed.  The 
speed,  however,  is  very  unstable  and  a  slight  change  in 
load  will  cause  a  great  change  in  the  former.  For  certain 
clas.ses  of  work,  such  as  fans,  where  the  load  is  constant 
for  any  given  speed  this  type  of  motor  can  be  used  pro- 
vided efficiency  is  of  no  particular  importance.  Its  ac- 
tion is  very  similar  to  that  of  a  direct-current  shunt  motor 
with  a  resistance  in  series  with  the  armature.  The  effi- 
ciency at  any  speed  below  normal  is  low  because  the 
motor  draws  full  load  current  from  the  line  and  the  cur- 
rent not  needed  actually  to  perform  the  work  is  dissi- 
pated as  heat  in  the  resistance.  Furthermore,  the  resist- 
ance is  bulky  and  occupies  considerable  space.  Where 
it  is  necessary  to  run  the  motor  for  short  periods  only  at 
reduced  speeds  as  for  crane  or  similar  work,  this  type  of 
motor  is  very  satisfactory.  Its  greatest  application  is  for 
hoists  of  various  sorts. 

Syxchroxous  Motors 

Aside  from  the  induction  motor  the  only  other  type  of 
alternating-current  multij^hase  motor  much  used  in  gen- 
eral work  is  the  synchronous  motor.  This  is  used,  how- 
ever, only  in  large  sizes  and  for  special  applications.  Its 
starting  torque  is  low,  but  in  large  sizes  and  slow  speeds 
particularly  it  possesses  marked  advantages  over  the  in- 
duction motor,  because  of  its  corrective  effect  on  a  lagging 
power  factor. 

The  synchronous  motor  is  practically  a  revolving  field 
alternator  operating  as  a  motor.  It  can  be  started  by 
means  of  a  starting  compensator,  the  same  as  a  squirrel- 
cage  induction  motor,  or  by  means  of  a  small  induction 
motor.  In  the  latter  case  the  synchronous  motor  is 
brought  above  speed,  the  induction  motor  is  cut  out,  and 
the  synchronous  motor  is  allowed  to  drop  in  speed  until 
in  synchronism  with  the  line  when  the  switch  is  closed. 
By  over-exciting  the  fields  a  leading  current  can  be  ob- 
tained and  this  leading  current  helps  to  compensate  for 
the  lagging  current  present  when  induction  motors  are 
operated. 

When  stipplied  with  some  type  of  damping  device  a 
synchronous  motor  will  have  a  starting  torque,  when 
started  by  means  of  suitable  starting  compensator,  of 
from  20  to  40  per  cent,  of  full  load  torque  and  a  "pitll 
in"  torqtie  (torque  at  the  moment  the  machine  reaches 
synchronism)  of  15  to  35  per  cent.    The  maximum  torque 
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is  about  twice  the  full  load  torque.  Due  to  the  difR- 
eult}'  of  starting  without  drawing  excessive  current  from 
the  line  the  synchronous  motor  should  he  used  only  where 
it  lias  to  be  started  and  stopped  infrequently.  If  the 
starting  torque  is  heavy,  the  motor  should  be  connected 
to  the  shafting  by  a  clutch.  It  should  also  be  remem- 
bered that  a  synchronous  motor  does  not  indicate  being 
overloaded  by  slowing  down,  but  if  loaded  beyond  its 
maximum  capacity  it  stops  suddenly.  Also,  its  speed  at 
;!ny  load  is  (■(inst;int,  dependent  only  on  line  frequency. 

Single-phase  Motoiss 

The  use  of  single-phase  motors  is  confined,  for  the  most 
part,  to  sizes  below  10  hp.  There  are  several  reasons  for 
this.  While  there  are  several  forms  of  single-phase  motors 
or.  the  market,  for  present  purposes,  they  can  be  divided 
into  two  genera]  classes,  induction  and  compensated  re- 
]iulsion. 

Tiie  induction  single-phase  motor  is  very  similar,  in 
jippearance,  to  the  ordinary  multiphase-induction  motor. 
They  differ  in  their  method  of  starting,  but  when  once  up 
to  speed  their  action  is  tlie  same.  The  stator  winding  is 
very  similar  to  that  of  a  three-phase  induction  motor  and 
the  rotor  is  usually  of  the  squirrel-cage  type  or  a  modifica- 
111111  of  this,  although  it  may  be  of  the  wound-rotor  type. 

Single-phase  induction  motors  possess  no  starting 
torque.  To  bring  them  up  to  speed  two  general  methods 
are  used;  namely,  phase  splitting  and  repulsion  starting. 
In  the  former  method  two  windings  are  used  in  the  stator 
of  the  motor;  one  of  these  is  the  working  winding,  tlie 
other  the  starting  winding.  These  are  supplied  from  the 
single-phase  source  and  the  current  in  the  starting  wind- 
ing is  caused  to  lag  behind  that  in  the  working  winding 
by  means  of  reactance.  This  sets  up  an  imperfect  rotat- 
ing field,  which  is  sufficient  to  bring  the  motor  up  to 
speed  under  light  load,  after  which  the  starting  winding 
is  usually  cut  out.  There  are  several  dift'erent  ways  in 
which  this  "phase  splitting"  is  accomplished.  In  some 
ca.ses  an  external  starting  box  is  employed  to  secure  the 
necessary  phase  difference  in  tlie  current,  in  others  the 
reactance  is  part  of  the  secondary  winding  itself. 

Where  a  single-phase  induction  motor  is  started  by  the 
"repulsion"  method  the  rotor  is  similar  to  the  armature 
of  a  direct-current  motor,  being  provided  with  form 
wound  coils  and  a  commutator.  Tliere  are  two  sets  of 
bru.shes,  bearing  on  the  commutator,  these  sets  being 
siiort-circuiteil  upon  each  otiier.  Tlie  stator  is  supplied 
with  single-phase  current,  and  there  is  no  electrical  con- 
nection between  the  stator  and  tlie  rotor.  The  currents  in 
tlie  stator  set  up  a  flux  which  reacts  on  the  rotor,  repelling 
the  successive  coils  and  thereby  causing  rotary  motion. 
When  the  motor  apjiroaches  synchronous  spee<l  a  centrifu- 
gal device  of  .some  description  short-circuits  the  com- 
mutator bars  and  lifts  the  brushes,  transforming  the 
motor  into  the  induction  tyjic  with  practically  a  stpiirrcl- 
cage  rotor. 

The  singie-iihase  induction  motor,  with  phase  splitting 
starting  device,  is  suitalile  for  machinos  in  which  the 
starting  torque  is  not  over  150  per  cent,  of  full  load 
torf|ue.  Almost  invariably  some  tyjie  of  clutch  is  used 
which  allows  the  motor  to  attain  nearly  synchronous  sjieed 
before  picking  uj)  the  load.  'l"he  starting  curreiit  with 
I")0  per  cent,  of  full  load  torque  is  aiiiiroximately  250  ]icr 
rent,  of  full  load  current,  and  the  maximnm  torque  is 
from  150  to  200  per  cent,  of  the  full  load  torque.     The 


speed  regulation  from  no  load  to  full  load  is  good,  being 
better  than  in  the  midtiphase  motor.  In  general,  how- 
ever, the  efficiency,  power  factor  and  maximum  torque  are 
not  as  good  as  in  corresponding  multiphase  motors.  Thej' 
are  suited  only  for  driving  machinery  where  the  starting 
torque  required  is  light. 

The  single-phase  induction  motor  vrith  the  repulsion 
method  of  starting  has  a  starting  torque  of  from  2  to  2^^ 
times  full  load  torque,  with  2  to  'ly^  times  full  load  cur- 
rent. 

The  second  general  type  of  single-phase  motor  men- 
tioned is  the  compensated  repulsion  motor,  in  which  the 
line  current  passes  through  the  stator  and  also  through 
the  rotor  by  means  of  two  sets  of  brushes  bearing  on  the 
commutator.  There  is  also  a  second  set  of  brushes  set  at 
an  angle  to  the  first  which  are  short-circuited  on  them- 
selves. This  motor  differs  from  the  straight  repulsion 
type  in  that  it  contains  two  additional  sets  of  brushes  and 
the  stator  and  rotor  are  in  electrical   contact. 

The  compensated  rejiulsioii  motor  has  a  starting  torque 
of  21^  to  3  times  full  load  torque  with  approximately 
twice  full  load  current,  and  the  maximum  torque  is  from 
3  to  3I/2  times  full  load  torque..  The  power  factor  is  very 
high  at  all  loads,  but  the  efficiency  is  lower  than  in  the 
induction  motor.  This  type  of  motor  is  well  adapted  for 
loads  where  heavy  starting  torque  is  required  with  sud- 
den overloads.  It  has  the  disadvantages  of  having  a  com- 
mutator and  is  somewhat  more  noisy  than  the  indtiction 
motor  after  the  latter  is  up  to  speed. 

If  a  varialile-speed  single-phase  motor  is  required,  some 
form  of  compeusated  reptdsion  motor  is  generally  used. 
The  behavior  of  the  motor  is  very  similar  to  that  of  the 
variaiile-speed  wound-rotor  multiphase-induction  motor 
with  resistance  in  series  with  the  rotor.  It  is  conse- 
quently, owing  to  its  unstable  speed  characteristics,  suited 
only  to  such  applications  as  require  a  steady  horsepower 
at  given  speeds.  Its  characteristics  as  regards  starting 
torque,  etc.,  are  unchanged  when  used  for  variable  speeds. 
The  resistance  is  inserted  in  series  with  the  brushes  which 
are  normally  short-circuited  and  the  insertion  of  addi- 
tional resistance  decreases  the  speed.  By  the  insertion  of 
resistance  in  series  with  the  bru.shes  carrying  the  line  cur- 
rent it  is  also  possible  to  raise  the  speed  of  the  motor 
slightly  above  synchronism. 

I  Direct-current  motors  will  be  considt'red  in  a  future 
article. — Editor.] 

Experience    in    Substation  Wiring 

Hy  Thomas  (I.  Tiiimsion 

Three  large  60-cyc-le  transformers  were  installed  to  take 
the  place  of  four  motor-generators  in  a  substation  which 
the  writer  was  operating.  Up  to  the  time  of  installation 
only  25-cycle  current  had  been  generated,  mo.«tly  for  ro- 
tary converter  sub.stations,  current  for  fiO-cycle.  1000-volt 
distribution  for  the  outlying  districts  being  furnished  by 
motor-generator  sets  each  consisting  of  a  25-cycle  syii- 
chroiious  motor  direct  connected  to  a  fiO-cycle,  ■n50-volt 
generator.  As  the  60-cycle  sy.stem  had  grown  to  such  pro- 
]>ortions  as  to  warrant  the  installation  of  a  sejiarate  gen- 
erating and  transmission  system,  transformers  were  in- 
stalled in  the  sub.stations  anil  the  motor  generators  weiT 
used  for  emergency  and  }ieak-load  service. 

Shutting  down  the  motor  generators  rendered  the  run- 
ning of  the  exciters  for  field  excitation  unnecessary  and 
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the  highest  voltage  exciter  was  taken  out  and  sent  to  an- 
other substation. 

All  the  high-tension  switches  were  remote  controlled, 
solenoid-  or  motor-operated  by  direct  current  supplied 
from  the  operating  busbars  which  also  supplied  current 
for  the  signal  lights,  overload  relays,  etc.  These  busbars 
was  connected  to  the  exciter  busbars  when  the  exciters 
were  running  and  in  case  of  emergency  could  be  thrown 
onto  a  60-cell,  lOO-amp.-hr.  storage  battery.  The  switcli- 
boartl  lights  were  connected  the  same  way. 

^Ylleu  the  exciters  were  shut  down  the  first  problem  was 
to  furnish  a  source  of  supply  for  the  switchboard  and 
pilot  lights.     Of  course,  they  could  have  been  carried  on 
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Fig.  1.  Origixal  CoNNEcTioxs 

the  battery,  but  this  was  not  advisable  for  several  rea- 
sons, chief  among  which  was  the  frequent  charging  of  the 
battery,  thus  made  necessary.  This  would  have  required 
running  a  75-kw.  exciter  under  practically  no  load  for  sev- 
eral hours  every  day,  added  to  this  was  the  increased 
maintenance  and  depreciation  and  risk  of  the  battery  be- 
ing out  of  service  in  an  emergency. 

The  operating  busbars,  of  course,  had  to  be  supplied 
from  the  battery  which  was  the  only  source  of  direct  cur- 
rent, but  this  was  comparatively  insignificant  as  compared 
to  the  current  required  for  the  switchboard  and  signal 
lights.    The  original  connections  are  shown  in  Fig.  1. 

After  the  change  a  10-kw.,  2200-  to  110-volt  trans- 
former was  connected  as  shown  in  Fig.  2  to  supply  cur- 
rent for  the  lights  when  the  exciters  were  shut  down.  A 
third  wire  4  was  run  parallel  to  the  operating  busbars. 
The  positive  connections  of  the  signal  lights  R  and  G  and 
the  top  clips  of  the  switch  C  for  the  switchboard  lights 
were  disconnected  from  the  operating  and  exciter  bus- 
bars respectively  and  connected  to  this  third  wire.  The 
negative  top  clip  of  the  switch  C  was  disconnected  from 
the  exciter  busbar  and  connected  to  the  negative  operating 
busbar. 

The  lower  clips  of  the  switch  B  were  connected  to  the 
transformer,  the  top  right-hand  clip  to  the  positive  op- 
erating busbar,  and  the  switch  blades  to  the  third  wire  .-1 
and  the  negative  operating  busbar.  By  throwing  switch 
B  down  and  switch  C  up  the  signal  lights  and  the  switch- 
board lights  were  connected  to  the  transformer.  When 
switch  B  was  thrown  up  they  were  carried  on  the  operat- 
ing busbars.  This  was  generally  done  when  the  exciters 
were  running  and  the  operating  busbars  were  fed  through 
the  exciter  busbars  through  switches  J  and  L. 


The  next  problem  was  to  provide  some  means  of  charg- 
ing the  battery.  The  high-voltage  exciter  had  been  used 
for  this  purpose  and  wiien  it  was  taken  out  we  were  un- 
able to  charge  the  battery  with  ail  cells  in  serii.s  by  means 
of  any  of  the  remaining  exciters.  To  o.ercoms  this  diffi- 
culty the  battery  was  cut  in  two  and  connected  to  a  double- 
pole,  double-throw  switch  E,  as  shown.  In  chaiging,  the 
switch  E  is  down  and  when  in  service  it  is  up.  Throwing 
the  switch  down  connects  the  two  sections  of  the  battery 
in  parallel,  requiring  a  little  over  half  the  normal  voltage 
of  the  battery  to  charge  it.  Throwing  the  switch  up  con- 
nects the  two  sections  in  series. 

Everything  went  along  nicely  until  one  night  the  trans- 
mission line  to  the  substation  broke  down  and  the  room 
was  suddenly  thrown  into  darkness.  After  some  groping  an 
attendant  finally  located  the  switch  for  the  switchboard 
lights  and  threw  it  onto  the  battery  circuit.  To  prevent 
a  recurrence  of  this  trouble  a  2-cp.  lamp  was  connected 
across  the  battery  terminals,  as  shown  at  D,  Fig.  2.  This 
was  screwed  in  when  darkness  came  on  and  out  at  day- 
light. 

A  surprising  complication  appeared  when  the  signal 
lights  were  carried  on  the  transformer.  Eeferring  to  Fig. 
2,  B  and  G  are  respectively  red  and  green  lights,  red  in- 
dicating the  switch  .S'  closed  and  green  open,  BL  and  / 
being  the  opening  and  closing  coils  of  the  solenoid-op- 
erated switch  S;  F  is  the  operating  switch.  Everything 
was  normal  until  F  was  closed,  when  the  lights  wouid 
both  burn  and  the  one  that  should  have  been  out  would 
burn  with  about  double  its  normal  brilliancy.  For  il- 
lustration, suppose  it  was  desired  to  close  the  switch  S, 
it  being  indicated  in  the  open  position.  The  switch  F 
Would  be  closed  up.  Immediately  the  light  G  would  doub.le 
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its  brilliancy;  when  .S  would  operate  and  close,  R  would 
light  as  it  should,  but  G  would  remain,  showing  with 
double  brilliancy  when  it  should  have  been  out,  until  F 
was  opened  when  it  would  go  out.  If  F  was  closed  down 
with  S  in  the  position  indicated  the  red  light  would  ap- 
pear with  double  brilliancy  and  G  show  normal.  This 
held  good  in  either  position  of  S,  closing  F  either  way 
would  show  both  lights  and  the  one  that  should  be  out, 
with  double  brilliancy;  testing  across  the  switch  F  from 
the  blade  to  either  clip  showed  approximately  170  volts; 
the  transformer  voltage  was  110,  the  battery  120.  Where 
did  the  excess  voltage  come  from  and  why  did  the  two- 
lisjhts  burn? 
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Gas  Engine  Jacket  Circulating 
Systems 

By  a.  V.   Wii.sox 

Systems  of  jacket-water  ciniilatinn  fall  into  three 
general  classes :  gravity,  pump  and  thermo-sipluni.  The 
term  used  in  each  case  to  describe  the  system  refers  to 
the  force  which  causes  the  flow. 

If  there  is  a  natural  head  of  water  available  and  the 
quantity  is  such  that  it  is  not  necessary  to  economize,  a 
very  simple  system  may  be  employed.  An  inlet  pipe  is 
led  to  the  bottom  of  the  jacket  and  an  outlet  from  the 


top  which  is  carried  to  the  nearest  available  drain.  A 
regulating  cock  is  required  which  should  be  placed  on 
the  outlet  pipe  and  it  is  important  that  the  outflow  be 
visible,  partly  so  that  the  temperature  may  be  noted 
easily,  but  principally  so  that  the  jacket  cannot  run  dry 
from  any  cause  without  the  fact  being  observed.  Fig.  1 
shows  such  a  system  where  a  is  the  inlet  pipe,  b  the  out- 
let, c  a  stop  or  regulating  cock,  and  d  a  tundish  into 
which  b  delivers. 

Circulating  systems  in  which  a  ]nimp  is  used  may  be 
arranged  in  a  variety  of  ways;  the  principal  thing  to  look 
after  is  provision  for  the  circulation  being  maintained 
or,  at  any  rate,  not  being  altogether  stopped  should  the 
pump  fail. 
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(lie  engine  and  a  piuiip  is  used  to  punij)  the  water  directly 
through  the  jacket.  This  arrangement  is  faulty  because 
in  the  event  of  anything  happening  to  the  pump  the  cir- 
c-ulation  is  at  once  stopped.  A  Ijetter  arrangement  here 
would  be  to  fit  an  overhead  tank  and  pump  the  water 
direct  to  the  tank,  allowing  it  to  flow  by  gravity  through 
the  jacket. 

Hard  or  sedimentary  water  causes  trouble  in  circulat- 
ing systems,  especially  where  fresh  water  is  being  con- 
tinually used,  as  it  chokes  the  pipe  connections  and  puts 
down  scale  on  the  liner.  If  there  is  plenty  of  water 
available,  however,  the  jacket  can  generally  be  kept  be- 
low the  temperature  at  which  the  lime  salts  are  deposited, 
although  there  will  always  be  a  certain  amount  of  scale. 
To  keep  the  outer  surface  of  the  liner  at  too  low  a  tem- 
perature introduces  other  troubles,  such  as  a  cracked 
liner  or  seizing  of  the  piston. 

In  towns,  where  the  cost  of  water  would  be  a  consider- 
able item  if  run  to  waste  continuously,  cooling  tanks  are 
commonly  used  and  unless  there  is  some  special  reason 
for  using  a  pump,  a  natural  circulation  is  obtained,  due 
to  the  difference  in  density  between  the  hot  water  leav- 
ing the  jacket  and  the  relatively  cold  water  entering  it; 
this  arrangement  is  sometimes  called  a  thermo-siphon. 
As  the  driving  force  is  that  due  to  the  difference  in 
weight  of  two  columns  of  water  the  tanks  must  bfe  placed 
well  above  the  cylinder  or  only  n  very  small  force  can 
be  obtained  and  in  consequence  the  circulation  will  be 
slow. 

Tank  circulation  has  several  advantages  over  any  other 
system,  pmong  which  may  1"'  mentioned  : 

Economy  in  water. 

No  power  required  for  pumps. 

Circulation  automatic  and  iiol  liable  lo  be  stopjjed  by 
failure  of  a  pump. 

The  same  water  being  used  over  and  over  again,  there 
is  less  dc]insit  ]iul  ilowii  if  the  supjily  uriginally  contains 
niiicli  liiDc. 
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FIG.  3 


Assuming,'  the  source  of  supply  to  be  a  large  overhead 
tank,  a  gravity  system  may  be  installed,  as  Fig.  1,  with 
tlie  addition  of  a  pump  to  return  the  water  to  the  tank. 
In  the  event  of  the  pump  failing  there  would  still  be 
several  hours'  .«upply  available  in  the  tank  until  the 
iMinij)  has  been  repaired. 

In  Fig.  2  the  source  of  supply  is  at  a  lower  level  than 


Till'  nimiber  and  size  of  tanks  necessary  t<)  cool  the 
water  depends  on  their  location.  Because  of  the  risk  of 
freezing  it  is  not  usual  to  place  the  tanks  outside,  but 
they  should  be  in  such  a  position  as  to  get  a  good  cur- 
rent of  air  about  them,  .\bout  30  gal.  per  horsepower 
is  usually  sufficient  if  the  tanks  are  arranged  in  such  a 
way  as  to  insun!  proper  circulation. 
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Figs.  3,  4,  5  and  6  show  different  methods  of  connecting 
circuhiting  tanks  which  the  writer  has  met  with.  Figs. 
3  and  4  are  quite  satisfactory  as  no  short-circuiting  is 
possible  with  either  of  these  arrangements.  In  Fig.  5  the 
pockets  have  been  omitted  and  in  consequence  water  will 
short-circuit  tanks  A  and  B,  and  in  Fig.  6,  where  both  the 
flow  and  return  are  connected  to  the  center  tank,  most 
of  the  water  in  circulation  would  never  find  its  way  into 
the  side  tanks  at  all. 

If  the  water  level  is  allowed  to  fall  below  the  mouth 
of  the  return  pipe,  circulation  is  stopped  and  it  is  a  wise 
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precaution  to  connect  the  makeup  suj)j)ly  through  a  ball 
tap,  although  many  peo]:)le  rely  on  the  attendant  watch- 
ing this  and  filling  the  tank  with  a  bucket  from  time  to 
time  as  required. 

Should  the  tanks  become  too  hot,  it  is  the  practice  of 
some  engineers  to  open  a  waste  tap  in  the  flow  pipe  or 
jacket  and  let  a  little  water  run  continually  to  waste,  the 
ball  tap  making  up  the  deficiency.  This,  however,  is  a 
doubtful  expedient,  as  it  may  very  easily  stop  the  cir- 
culation of  the  water  altogether  or  perhaps  reverse  its 
direction. 

When  circulating  in  the  usual  way  the  water  does  not 
stand  at  the  same  level  in  each  tank,  being  highest  in 
tank  .4,  and  lowest  in  tank  C.  If  the  ball  tap  is  con- 
tinually running  the  level  in  tank  C  is  raised,  and  the 
circulation  in  consequence  may  be  stopped,  or  if  the  flow 
from  the  ball  tap  is  sufficient  it  may  be  reversed.  If  the 
circulation  is  reversed  the  jacket  will  get  the  water  which 
IS  flowing  from  the  ball  tap  and  the  system  becomes  a 
simple  gravity  system,  but  if  the  level  in  tank  3  is  not 
raised  sufficiently  to  reverse  the  circulation,  it  is  quite 
possible  for  the  jacket  to  be  overheated  while  cold  water 
runs  in  at  a  and  out  at  the  Ijottom  of  the  system  from  the 
drain  tap  b.  Fig.  7. 

Sometimes  a  pump  is  placed  in  the  flow  pipe,  as  in 
Fig.  8,  to  assist  the  circulation,  but  when  this  is  done  the 
capacity  of  the  pump  must  be  carefully  regulated  to 
suit  the  rate  of  flow  between  the  tanks. 

Governor  Valves  for  Gasoline  Engines 

By   L.  J.   Watson 

The  practice  of  using  butterfly  valves,  actiutted  by 
some  sort  of  automatic  mechanism  still  continues  to  quite 
an  extent  with  gasoline  engines  wherein  the  speed  is  au- 
tomatically governed  by  throttling  the  mixture. 

Just  why  this  style  of  valve  is  still  used  for  this  service 
the  writer  is  unable  to  say,  for  when  its  efficiency  is  com- 
pared to  that  of  the  twin-piston  valve,  Fig.  1,  it  is  plain 


that  the  butterfly  valve  requires  a  mudi  greater  throw  of 
the  operating  rod  in  order  to  effect  the  same  opening  or 
closure. 

To  make  this  point  clear  compare  a  2-in.  butterfly 
valve  with  a  twin-piston  valve  of  the  same  diameter,  each 
being  connected  to  a  8-in.  supply  pipe  and  actuated  liy 
the  same  type  of  controlling  mechanism.  A  twin-ijiston 
valve  2  in.  in  diameter  has  a  circumference  of  a  little 
more  than  6  in. ;  therefore  each  piston  commands  a  port 
(j  in.  long,  making  a  total  port  length  of  approximately 
13  in.  Both  ports  openings  at  the  same  time,  it  would 
require  the  valve  to  be  moved  only  i/4  in-  from  the  closed 
position  to  produce  an  opening  equal  to  that  of  the  2-in. 
supply  pipe. 

Now  consider  the  oi^ening  produced  by  a  butterfly 
valve  {P,  Fig.  2),  2  in.  in  diameter  and  actuated  by  a 
crank  arm  1  in.  long.  A  i/4-in.  throw  at  the  end  of  the 
crank  arm  by  the  governor  rod  will  move  the  wings  of 
this  valve  i/4  in-  a-t  two  points  of  its  circumference  only, 
and  this  movement  will  be  mostly  lengthwise  of  the  pipe ; 
whereas,  to  effect  opening,  it  should  be  in  a  direction 
crosswise  of  the  pipe. 

Of  course,  when  the  valve  has  been  turned  on  its  axis 
to  an  angle  of  90  deg.  from  the  closed  position,  the  move- 
ment at  the  point  of  the  wings  will  then  be  crosswise  of 
the  pipe;  but  the  crank  arm  will  have  to  move  through 
the  same  angle,  which  would  require  a  movement  from 
the  operating  rod  of  about  1%  in.,  or,  over  five  times  that 


Twin  Piston 
Valve 


Fig.  2.  Butterfly 
Valve 


for  the  twin-piston  valve.  The  opening  then  would  not 
be  fully  equal  to  that  of  the  pipe,  as  the  thickness  of  the 
valve  occupies  a  small  portion  of  the  space. 

Furthermore,  the  most  usual  position  of  the  butterfly- 
valve  operation  is  at,  or  in  the  neighborhood  of,  45  deg. 
from  the  full  open  or  closed  position,  as  shown  in  Fig. 
2,  jjosition  3.  From  this  the  closing  and  opening  ef- 
fect produced  by  a  given  movement  of  the  operating  rod 
is  much  less  than  that  produced  with  the  twin-piston 
valve. 

The  twin-piston  valve  is  balanced;  the  butterfly  valve 
is  not,  and  as  a  result,  even  in  gasoline-engine  service, 
where  the  pressures  controlled  never  exceed  15  lb.  (at- 
mospheric pressure)  it  will  naturally  resist  movement 
slightly  more  than  the  twin-piston  type — a  matter  of 
significance  when  it  is  considered  that  the  valve  is  moved 
by  a  force  produced  by  disturbing  the  balance  of  two 
equal  opposing  forces. 
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Downward  Ventilation  in  a   Rockford 
School* 

With  a  view  to  r.edueing  the  excessive  heat  losses  fre- 
quently found  in  hot-blast  heating  and  ventilation  and 
to  attain  a  temperature  practically  uniform  in  all  parts 
of  the  room  with  a  noticeable  absence  of  drafts,  Clinton 
I'J.  Beery  recently  installed  a  system  for  the  Hall  School 
Building,  Rockford,  111.,  differing  in  its  principles  of 
operation  from  the  usual  hot-blast  system. 

To  control  the  temperature  of  the  air  at  the  ceiling  a 
coil  consisting  uf  three  li/4-in.  pipes  suspended  2(1   in. 


Fic.  J.  Om: 


iiiK  Rooms  Equtppkd  with   L)iri--Lsi;i;,- 
ANi)  Ckiling  Coils 


below  the  ceiling,  was  extended  entirely  around  each 
room  approximately  5  ft.  from  the  exposed  walls  and  G 
ft.  from  the  inside  walls.  At  a  point  just  below  the  level 
of  the  coils  fresh  air  is  introduced  into  the  room  through 
a  specially  constructed  diffuser  which  breaks  the  cur- 
rent and  directs  the  air  in  all  directions  over  the  breath- 
ing zone.  The  foul-air  exits  are  at  the  floor  line  in  the 
four  corner.s  of  the  room.  On  arriving  at  the  breathing 
zone,  static  pressure  forces  the  air  out  of  the 
room  at  the  floor  line,  producing  a  movement  of  air 
downward  at  a  velocity  of  approximately  2  ft.  per  min.. 
with  no  appreciable  evidence  of  lateral  drafts  or  air  ciir- 
lents.  This  condition  is  not  disturbed  until  below  the 
top  of  the  exits,  and  even  then  there  is  no  noticeable 
air  movement  over  the  floor,  due  to  the  comparatively 
small  exits  drawing  on  a  large  volume.  Each  vent  screen 
in  this  i)articuiar  installation  contains  1.1  .sq.ft.  clear 
trea,  which  equals  4.4  sq.ft.  for  each  room,  the  cubic 
fcntents  of  the  room  approximating  10.800  cu.ft. 

During  January  of  1012,  room  Xo.  .3  was  fitted  up  for 
experinienlal  work  to  demonstrate  the  .sy.steni.  This  room 
vas  in  the  northwest  corner  of  the  first  floor,  and  con.'se- 
quentlv  was  the  coldest  room  in  the  building.     Room  No. 


iS  on  the  second  tioor,  directly  above,  was  an  exact  dupli- 
cate in  size,  and  results  obtained  in  the  two  rooms  were 
n.sed  as  a  basis  of  comparison.  Each  room  is  26x31  ft. 
with  the  ceiling  13  ft.  6  in.  high.  Each  has  a  100  sq.ft. 
of  glass  exposure  facing  the  west  and  50  sq.ft.  of  glass 

TABLE  I— MAXIMUM  AND  MINIMUM  OF  ROOM  TEMPERATURES 
DURING  TESTS 


Northeast 
Corner 
70-07 
83-80 


Northwest 
Corner 
71-70 
70-68 


Southeast 
Corner 
70-68 
69-66 


Southwest 
Corner 
69-67 
69-64 


TABLE  2— TEMPERATURE  OF  ENTERING  AIR  DURING  TEST 


12       3       4         5  6       7       8       9     10     11     12 

74     70     72       73     70.5     73     70     71     73     70     73     69 
68     76     109     76     98         72     80     94     68     97     65     83 


TABLE  3— TIME  RECORDS  ON  HEATING  ROOM  TO  68  DEG.  F. 

rime  Time 

a.m.  Required 

8:50  1  hr.  20  nun. 

9:25  1  hr.  55  min. 


exposure  facing  the  lun'lli.  During  the  month  a  com- 
parative test  of  temperatures  was  made  in  the  two  rooms. 
Room  No.  8  was  supplied  with  60  sq.ft.  of  wall  radiation 
in  the  northwest  corner.  The  air  delivery  to  each  room 
was  1544  to  1560  cu.ft.  per  min.,  measured  at  the  exits. 
Twelve  temperature  readings  were  taken  at  5-min.  in- 
tervals, in  each  corner  of  both  rooms,  and  also  twelve 
1  ladings  of  the  temperature  of  the  entering  air.    The  out- 


Ahstract    of   papir    rear!    before   the    American    Society    of 
tint'  and  VcntllatInK  Engineers. 


Vu..   ;i.    SiiowiNi;    CMiiiKM    DowxwAiiu    Disri;i;;uTioN 
DUiiiNti  Stkam  Test 

side  temperature  at  the  lime  of  llic  first  reading  was  2 
(leg.  below  zero,  and  at  liic  linu'  of  the  last  reading,  3 
deg.  below  zero.  An  extremely  cold  west  wind  estimated 
at  1H  to  20  miles  per  iiour  was  blowing.  The  maximum 
r.nd  minimiini  of  the  twelve  corner  readings  are  given  in 
TMi)ic  I.  and  tlic  teiiqx'rature  of  tlic  entering  air  for  the 
twelve  readings  in  Table  2. 

The  relative  humidity  readings  in  room  No.  3  showed 
6.3  ])er  cent.,  and  in  room  No.  8.  54  per  cent.  Observa- 
tions of  the  relative  time  required  to  heat  the  rooms  to 
68  deg.   F.  were  taken  with  the  heat  turned  on  at  7:30 
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ii.iii.  Table  3,  giving  the  results,  shows  a  margin  of  35 
min.  in  favor  of  room  No.  3. 

No  difficulty  was  encountered  in  operating  room  No. 
3  with  the  same  apparatus  while  meeting  the  require- 
ments of  the  remainder  of  the  building.  With  the  en- 
couraging results  obtained,  the  Hall  School  was  equipped 
throughout  during  the  summer  of  1912  with  the  new 
method  and  has  been  in  operation  since  Sc])t.  1.  The 
building  is  of  brick,  with  wood  floor  construction,  two 
stories  in  height,  with  basement.  It  contains  five  regular 
school  rooms  on  each  of  the  two  floors,  with  wardrobes, 
recitation  rooms,  principal's  office  and  corridors.  The 
contents  above  the  basement  comprise  13-1,500  cu.ft.  The 
mechanical  equi])ment  consists  of  a  multivane  No.  13 
fan,  direct  connected  to  a  side-crank  engine  operating  at 
174  r.p.m.  All  radiation  and  Vento  blast  coils  are  op- 
erated on  the  Webster  system  of  vacuum  heating.  Jolni- 
sou  Service  temperature  regulation  with  intermediate 
control  is  used  in  each  room.  All  galvanized  ducts  from 
the  plenum  chamber  are  of  regulation  design. 

Table  4  gives  the  velocity  and  delivery  records  of  all 

TABLE  4— RECORDS  OF  VELOCITIES  AND  DELIVERIES  AT 
VARIOUS  EXITS 

Northwest  Northeast   Soutiieast  Southwest  Total  DeHvery 

Room  Exit  Exit  Exit  Exit  Cu.lt.  per  Min. 

1  270  384  326  400        1518 

2  390  394  396  350        1683 

3  390  400  450  314         1709 

4  332  354  460  446        1751 

5  364  360  334  332        1529 

6  336  346  345  342         1506 

7  352  40G  334  350        1586 

8  434  428  448  366         1843 

9  344  328  356  384         1553 
10  412  336  370  282        1590 

exits  for  ten  1-miu.  readings  taken  after  the  system  had 
been  put  in  operation,  and  following  is  a  summary  of 
the  observations  which  have  been  made  since. 

A  temperature  of  85  deg.  at  the  ceiling  has  been  found 
to  be  sufficient  as  a  maximum.  The  temperature  through- 
out the  breathing  zone  is  controlled  within  a  range  of  1 
deg.  F.  in  all  parts  of  the  room.  Air  never  enters  the 
room  above  73  or  74  deg.  F. 

There  is  no  noticeable  effect  on  the  conditions  of  the 
room  caused  by  the  glass  exposure,  but  tests  showed  a 
slightly  higher  rapidity  in  downward  movement  of  the 
air  several  inches  in  from  the  glass. 

There  is  an  entire  absence  of  drafts  or  currents,  and 
the  cold  surface  of  desks  and  furniture  does  not  contrast 
against  high  temperatvires  of  atmosphere  surrounding 
them,  as  is  often  complained  of  in  other  systems. 

During  the  week  of  Dec.  15,  tests  were  conducted  by 
the  school  authorities  to  determine  the  efficiency  of  the 
system.  The  temperature  was  maintained  uniformly  at 
68  deg.  and  the  humidity  at  58  per  cent.'  To  demon- 
strate that  no  cross-currents  existed,  live  steam  was  in- 
troduced into  the  room  through  the  diffuser  in  the  venti- 
lating system.  The  steam  distributed  equally  throughout 
the  room  and  dropped  gradually  toward  the  floor  like  a 
blanket  until  it  reached  the  level  of  the  exits  through 
which  it  escaped.  Another  test  comprised  the  suspend- 
ing from  wires  of  a  large  number  of  silk  threads  36  in. 
long,  to  which  were  fastened  pieces  of  tissue  paper.  The 
absence  of  any  swaying  of  these  pieces  of  paper  showed 
that  there  were  no  cross-currents  generated  by  the  venti- 
lating system. 

From  results  already  obtained,  economy  of  operation 
is  evident,  but  previous  to  the  time  the  paper  was  pre- 
sented, no  efforts  had  been  made  to  determine  the  com- 
parative saving.     Complete  data  on  this  point  will  be 


available  at  a  later  date  and  it  will  be  interesting  tO' 
learn  how  the  economy  of  the  new  system  compares  with 
the  usuiil  tyjie  of  installation. 


Use    of    PItot    Tube    in    Air 
Measurements 

In  the  Feb. -4  number  of  Powkh.  Frank  L.  Busey  in 
ay  article  under  the  al)ove  title  devotes  one  paragraph  to 
the  coefficient  by  which  the  velocity  or  velocity  head  at 
the  center  of  a  duct  must  be  multiplied  to  give  the  av- 
erage velocity  or  average  velocity  head  over  the  entire 
cross-section.  Several  approximate  values  of  the  factor 
are  given,  but  the  indiscriminate  use  of  a  figure  as  high 
as  0.95  would,  in  many  instances,  lead  to  grave  errors 
in  fan  testing. 

Tests  recently  (.(inducted  on  a  novel  air-heating  ap- 
paratus made  it  necessary  to  determine  this  factor  with 
considerable  precision  for  a  13i^-in.  circular  duet.  A 
study  was  made  of  the  data  for  a  16-in.  duct  contained  in 
Frank  H.  Kneelaud's  paper  (referred  to  by  Mr.  Busey) 
witli  the  following  results: 

Av.  Vel. 

I'j-po  of  Average  Center  Ratio; 

Pitot  Tube  Velocity  V'elocity  Center  Vel. 

U.S.  No.  1 18,092  19,410  0.963 

Gebhardt  No.  1 . ,  19,138  20,710  0.924 

Gebhardt  No.  1 . .  20,918  23,080  0.906 

Ta.vlor  No.  3 1 4 ,374  1 5,670  0 .  949 

U.  S.  No.  1 1  .•i.'.l24  14,820  0  939 

Gebhardt  No.  1 .. .  14.l«4  15,590  0,901 

Not  only  were  the  results  discordant  as  far  as  establish- 
ing a  ratio  of  velocities  was  concerned,  but  there  was  a 
considerable  disagreement  between  pairs  of  observations, 
which  were  taken  to  represent  similar  conditions  except 
for  the  type  of  tube  used.  Therefore,  the  criticism  of 
Naval  Constructor  Taylor*  in  the  discussion  of  Mr. 
Jvneeland's  results:  "The  experimental  results  given  by 
Mr.  Kneeland  cannot  be  regarded  acceptable  to  those  who 
like  myself  are  firm  believers  in  the  accuracy  of  pitot  tube 
methods,  provided  proper  pitot  tubes  are  used"  seemed 
none  too  severe,  and  a  set  of  experiments  was  undertaken 
fo  establish  the  ratio.  Average  velocity  -^  Center  velocity, 
for  working  conditions.  The  results  of  these  experiments 
were  communicated  to  the  American  Society  of  Naval 
Fngineers  in  November,  1912,  in  a  paper:  "The  Pitot 
Tube  Applied  to  the  Measurement  of  Air,"  and  as  the 
same  may  not  be  available  to  all  interested,  a  summary  is 
given  herewith. 

Two  standard  Taylor  pitot  tubes  were  mounted  in  a 
133^-in.  circular  duct  in  such  a  way  as  to  enable  one 
tube  to  traverse  the  horizontal  diameter  and  the  other 
tc'  traverse  the  vertical  diameter.  These  tubes  had  iude- 
j)endent  connections  to  a  gage,  which  was  so  arranged 
with  stop  cocks  as  to  permit  of  regi.stering  the  velocity 
I'.ead  from  either  tube,  and  the  gage  was  fitted  with  an 
additional  pair  of  equalizing  cocks  which  could  be  opened 
to  the  atmosphere  between  tests  in  order  to  check  the 
zero  reading  of  the  draft  gage.  The  single  divisions  on 
the  scale  of  the  draft  ,gage  were  0.01  in. ;  and  0.001  in. 
could  be  estimated  closely.  Half-inch  intervals  were 
etched  on  one  of  the  %-in.  pipes  connecting  to  the  pitot 
tube. 

•Transactions,  A.  S.  M.   E..  Vol.  33,   1911.  page  116S. 
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The  procedure  was  as  follows :  With  the  fan  speed  con- 
stant a  traverse  was  made  with  the  horizontal  tube,  a 
reading  taken  at  each  of  23  points  across  the  pipe,  and  at 
the  same  points  on  the  return.  The  same  was  followed  by 
a  traverse  with  the  vertical  tube  and  each  set  repeated 
twice,  making  a  total  of  276  observations  in  each  set. 
The  fan  speed  was  then  increased  and  the  procedure  re- 
peated for  the  additional  points  covering  the  range  of 
fan  capacity.  The  data  from  the  tests  are  given  iu 
Table  1  and  the  variations  of  velocity  across  the  cross- 
section  is  shown  in  Fig.  1  in  which  the  ordinates  are  the 
square  root  of  the  head  and  the  abscissas  are  the  corre- 
sponding positions  in  the  duct.  From  an  extrapolation 
of  these  curves  to  a  diameter  of  12  in.  the  values  in  Col- 
umn 23  of  Table  1  are  obtained.  In  arriving  at  the  aver- 
age square  root  of  the  head  as  tabulated  in  Column  25, 
the  square  root  of  the  head  at  the  extremity  of  each  diam- 
eter was  given  a  weight  in  proportion  to  the  area  of  the 
annular  ring  between  the  circumferences  of  circles  drawn 
half-way  between  the  given  diameter  and  the  two  ad- 
jacent diameters.    These  relative  weights  were  as  follows  : 

Center 0. 16 

1  in  diameter 1 .  28 

2  in.  diameter 2.56 

3  in.  diameter 3 .  84 

4  in.  diameter 5. 12 

5  in.  diameter 6.40 

6  in.  diameter 7 .  68 

7  in.  diameter 8.96 

Sin.  diameter 10  24 

9  in.  diameter 11 .  o2 

10  in.  diameter 12 .  80 

11  in.  diameter 14  08 

12  in.  diameter lo.36 

Total 100.00 

The  irregularity  in  the  shape  of  the  curves  in  Fig.  1 
at  high  velocities  is  to  be  charged  to  the  disturbing  ef- 
fect of  an  elbow  in  the  line.  This  elbow  was  eight  diam- 
eters away  from  the  point  at  which  the  pitot-tube  read- 
ings were  taken,  but  its  effect  was  noticeable  at  velocities 
over  2000  ft.  per  min. 

At  the  same  time  similar  coefficients  were  computeil 
from  some  experiments  of  Prof.  ('.  C.  Thomas  at  the 
University  of  Wisconsin  and  reported  by  him  in  a  paper 
'•The  Measurement  of  Gases,"  Journal  of  the  Franklin 
Institute  for  Xovember,  1911.  The  primary  object  of 
the  tests  was  a  comparison  of  three  methods  of  metering 
gases:  (1)  pitot  tube;  (2)  venturi  meter;  (3)  electric 
meter,  but  the  pitot-tube  data,  which  are  given  in  Table 
2,  were  in  sufficient  detail  to  calculate  the  velocity  ratio. 
In  this  work  pitot-tube  readings  were  taken  on  one  diam- 
eter at  1-iu.  intervals  from  the  center  of  a  16-in.  duct  1o 
o  in.  out,  and  at  i^-in.  intervals  from  this  point  to  with- 
in 14  in.  of  the  inner  surface.  The  value  of  the  average 
square  root  of  head  was  determined  by  giving  a  weight 
to  each  velocity  (.square  root  of  velocity  head)  ])ropor- 
tional  to  the  area  of  the  annular  ring  whose  mean  diam- 
eter was  the  diameter  of  the  tube  circle.  This  method 
results  in  somewhat  greater  values  than  tho.^o  determined 
by  the  graphical  solution  described  in  the  Journal  of  the 
Franklin  In.stitute.  Xovember,  1911. 

The  variations  of  the  ratios.  Average  velocity  -^  Center 
velocity,  from  both  sets  of  tests  is  plotted  in  Fig.  2.  The 
agreement  between  them  is  very  satisfactory. 

It  has  been  suggested  tliat  the  mean  head  could  be  de- 
termined by  a  single  tube  placed  at  such  a  point  as  to 
intersect  the  curves  at  the  mean  height.  This  particular 
point  would  be  at  a  distance  of  fji/i  in.  from  the  center 
pf  the  12yo-in.  duct.  There  are  two  serious  objections  to 
this  method:     First,  readings  on  a  horizontal  and   ver- 
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tical  traverse  are  never  the  same  except  at  the  points 
nearest  the  center  and  it  wonld  be  impossible  to  locate 
the  mean  point,  and,  second,  the  velocity  is  changing 
rapidly  in  this  region  and  the  greatest  care  is  necessary 
in  adjusting  the  tube  to  this  point  even  if  the  first  difli- 
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culty  could  be  overcome.  The  great  advantage  of  the 
single  central  tube  with  its  proper  correction  factors  is 
brought  out  by  the  inspection  of  the  central  region  of  the 
curve.  Fig.  1,  which  shows  clearly  that  for  a  i/2-iii-  t" 
either  side  of  the  center  the  velocity  head  remains  prac- 
tically constant,  thereby  giving  a  region  in  which  settings 
of  the  central  tube  mav  readilv  be  made. 


Eeferriug  to  Mr.  Walling's  mquiry  in  the  Jan.  21  issue 
and  the  discussion  on  this  subject  in  the  Feb.  18  issue, 
my  experience  with  cast-iron  sectional  boilers  leads 
me  to  believe  that  they  are  subject  to  a  quickly  fluctuat- 
ing water  level,  as  the  amount  of  water  they  contain  is 
very  small.  As  soon  as  steam  is  being  raised,  the  water 
will  drop  quickly  unless  an  automatic  feeding  device  is 
employed.  But,  in  Mr.  Walling's  case,  I  think  that  the 
principal  fault  lies  in  the  small  return  pipes.  He  says 
that  he  has  a  single-pipe  system.  The  building  is  three 
stories  high  and  the  main  part  has  %-  and  1-in.  return 
pipes,  enlarged  to  II4  in-  at  the  boiler,  while  the  wing 
has  a  lV4-in.  return  pipe  all  the  way.  Now  there  i^^ 
in  all  probability  one  or  more  radiators  on  each  floor 
from  each  riser.  This  means  that  the  %-in.  pipe  ha- 
to  take  care  of  the  condensation  from  at  least  three 
radiators  and  perhaps  six.  Even  for  three,  I  believe  the 
%-in.  pipe  is  too  small.  It  means  that  water  is  taken 
out  of  the  boiler  in  the  form  of  steam  much  faster  than 
the  small  return  pipes  will  allow  the  condensation  tn 
flow  back  to  it.  The  smallest  return  pipe  in  his  system, 
in  my  opinion,  should  be  IVi  in.  and  at  least  2  in.  at 
the  boiler,  and  even  that  is  not  so  large  as  I  should  pre- 
fer, a  21/2-in.  pipe  would  be  better. 

As  for  the  hammering,  if  there  are  no  pockets  in  hi~ 
horizontal  lines  and  no  leaky  radiator  valves,  he  will 
probably  find  that  it  will  disappear  if  his  return  pipe- 
are  enlarged.  If  he  has  no  automatic  feed  on  his  boil- 
ers, I  should  strongly  recommend  that  they  be  installed. 
They  are  inexpensive  and  easily  attached  and,  if  they 
do  keep  the  water  level  high  during  the  shutdown  over 
night,  that  water  cannot  do  any  harm  and  could  alway- 
be  blown  down.  Of  course,  if  the  water  is  going  out 
through  the  blowoff,  he  will  have  to  attend  to  that ;  but  I 
take  it  that  he  means  that  the  water  is  in  the  system  but 
not  in  the  boiler.  I  think  that  if  Mr.  "Walling  will  put 
m  larger  return  pipes  most  of  his  troubles  with  his  sys- 
tem will  be  over. 

W.  H.  Ptatt. 

Brooklvu,   X.   Y. 
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Fig.  2.  \'ai!iatioxs  of  Ratios  of  Average  to  Center  Velocities 


From  the  plot,  Fig.  2,  it  may  be  concluded  that  for 
ducts  from  12  to  16  in.  in  diameter  the  ratio.  Average 
velocity  -=-  Center  velocity,  will  vary  as  a  linear  func- 
tion of  the  center  velocity  from  about  0.93  at  1000  ft. 
per  min.  to  0.91  at  3500  ft.  per  min.  For  smaller  ducts 
the  coefficients  would  probably  decrease  and  for  larger 
ducts  a  slightly  greater  value  might  be  expected. 

Leo  Loeb, 
U.  S.  Xaval  Engineering  Experiment  Station. 

Annapolis,  Md. 


A  one-pipe  heating  system,  somewhat  resembling  the 
one  described  by  Mr.  Walling,  gave  trouble  in  much  the 
same  manner.  The  radiators  in  the  wing  of  the  building 
would  get  cold  and  the  water  leave  the  boiler.  The  water 
m  the. boiler  would  rise  and  fall  with  a  surging  effect.  A 
check  valve,  opening  to  the  boiler,  was  placed  in  the  re-, 
turn  from  the  radiators  in  the  wing,  and  after  that  no 
more  trouble  was  experienced. 

H.  G.  GiBsox. 

Washington,  D.  C. 
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The  Conditions  in    Massachusetts 

Tluise  who  are  concerned  with  the  procuring  and  ad- 
ministration of  laws  for  the  examination  and  licensing 
ul  engineers  and  the  inspection  of  boilers,  will  be  in- 
ti.ii>ted  in  the  conditions  existing  in  Massachusetts,  where 
till-  sort  of  legislation  has  reached  its  highest  develop- 
11  h  1,1.  and  the  law  and  practice  of  which  have  oeen  ac- 
ir].ic(l  as  models. 

\\  hen  the  law  was  adopted  some  eighteen  )'ears  ago, 
till  ixaminer  for  whom  it  provided  was  made  an  attache 
if  I  he  Massachusetts  district  police  and  the  department, 
iihliough  it  has  increased  to  some  twenty-five  inspectors 
Pi  111  examiners,  has  remained  a  subdepartment  of  the  state 
ji.ilue  arm,  under  the  authority  of  the  chief  of  that  de- 
;>aiinient.  He  has  no  knowledge  of  engineering,  and  its 
ijiciiiliers,  supposedly  versed  in  all  that  pertains  to  the 
.-iiie  lonstructiou,  installation  and  use  of  boilers,  engines 
and  ]iower-plant  apparatus  but  totally  lacking  in  police 
tinining,  are  a  part  of  the  armed  and  uniformed  force,  al- 
iliiiiiudi  they  wear  their  uniforms  only  upon  state  oc- 
i:i>i('iis  and  are  subject  to  call  only  for  the  suppression  of 
nm.  .'tc. 

Subsequent  legislation  provided  for  a  Board  of  Boiler 
iiiiies.  of  which  the  chief  inspector  of  the  boiler-inspec- 
i:"!i  department  should  be  chairman  and  which  should  be 
I II II  her  composed  of  one  member  representing  the  boiler- 
u.-iiil;'  interests,  one  the  manufacturing  interests,  one  the 
hnil.i-insurance  interests  and  one  member  who  is  an  op- 
raiing  engineer.  These  four  members  are  appointed  by 
th.  i:(ivernor  and  do  not  come  under  the  jurisdiction  of 
ii:i  '  hief  of  the  district  police. 

•Tuly  of  last  year,  the  chief  of  the  boiler-inspection 
(iment  resigned.  Tliere  had  been,  in  the  meantime, 
,1  hio\ement  afoot  in  which  some  of  the  examiners  had 
been  active  to  divorce  the  department  from  its  police 
affiliations.  This  ''pernicious  activity"  had  rendered 
them  personae  non  gratae  to  the  chief  of  the  district  police, 
who  SQught  the  advice  of  the  attorney  general  as  to 
whether  the  civil-service  requirement,  governing  the  ap- 
pointment of  the  chief  inspector  by  the  governor,  still 
held  ;  for  these  perniciously  active  examiner.s  had  come 
out  of  the  previous  examination  with  high  ratings.  The 
attorney  general  found  that  the  necessity  of  appointing 
a  successor  to  the  chief  had  never  occurred  to  the  "gen- 
eral court" ;  that  no  provision  was  made  for  such  appoint- 
ment. The  governor  could  not  fill  the  office  without  war- 
rant of  law,  because  the  treasurer's  de])artment  would  fail 
to  find  any  authority  for  the  emolument.  The  legal  ad- 
viser, however,  suggested  that  the  chief  of  the  district 
police  had  the  power  to  appoint  an  acting  chief  who 
might  serve  without  increa.'se  of  pay  until  the  legislature 
could  repair  the  remissions  of  its  predecessor. 

This  was  done,  but  the  Board  of  Boiler  Rules,  appointed 
by  his  e.\cellency  direct,  owing  no  allegiance  to  the  police 
department,  refused  to  accept  his  appointee  as  their  chair- 
man and  requested  the  governor  to  subject  candidates  for 
the  position  to  a  civil-service  examination. 


To  the  civil-service  examination  came  seven  of  the 
nineteen  inspectors  of  the  department.  Perhaps,  the 
others  did  not  want  to  get  mixed  up  in  a  strife  between 
superiors;  perhaps,  they  were  deterred  by  other  consider- 
ations. Of  the  seven  whc  went  in  only  three  got  above 
the  sixty-five  per  cent,  necessary  to  qualify  and  the  chief's 
repudiated  appointee  got  only  fifty-four.  The  pernicious- 
ly active  came  off',  we  understand,  with  the  highest  per- 
centages. But  w'hat  does  that  avail  when  a  man  has  so 
little  sense  of  discipline  and  decorum  as  to  go  about  call- 
ing his  chief  names?  The  questions  asked  at  the  ex- 
amination are  printed  on  page  293  and  are  puerile  com- 
pared with  those  which  some  of  the  examiners  are  al- 
leged to  have  proposed  to  the  ordinary  garden  variety  of 
engineer  who  appeared  before  them  for  examination. 

And,  so  the  matter  stands.  The  chief  will  not  with- 
draw his  appointment;  the  Board  of  Boiler  Rules  will 
not  accept  him  and  his  excellency  says,  "Let  the  general 
court  do  it." 

We  dislike  to  see  the  Massachusetts  law.  or  anything 
connected  with  its  administration,  come  into  ridicule  or 
disrepute.  It  is  an  excellent  law  and  we  should  like  to 
see  other  states  adopt  it  instead  of  getting  up  a  variety 
of  dissimilar  statutes.  Cooperation  between  the  boards 
of  rules  appointed  under  such  laws  would  result  in  uni- 
formity of  practice  and  the  avoidance  of  different  stand- 
ards for  different  states.  Such  inspection  is  really  an 
exercise  of  the  police  power  of  the  state;  but  so  are  fac- 
tory inspection  and  the  activities  of  the  board  of  health. 
There  seems  to  be  no  good  reason  for  linking  it  up  with 
the  criminological  branch  and  making  the  chief  inspector 
responsible  to  a  police  official,  on  one  hand,  and  subject 
to  the  Board  of  Boiler  Rules,  on  the  other. 

This  mistake  may  be  avoided  by  other  states  which 
adopt  the  law.  Another  possible  good  which  may  come 
out  of  the  situation  is  the  realization  by  some  of  the  in- 
spectors of  the  ridiculousness  of  some  of  the  examinations 
which  they  give,  as  indicated  by  the  questions,  v.hich  .ire 
often  sent  to  us  as  having  been  asked  by  Massachusetts 
examiners,  and  which  lead  to  the  rejection  of  suc'h  men  as 
W.  E.  Crane,  who  first  applied  the  double  eccentric  to  a 
Corliss  engine,  and  failed  to  satisfy  the  inspector  that 
he  knew  enough  about  its  setting  and  effect  to  be  en- 
trusted with  a   licen.><e   (o  run  one. 

;.;  ( 

Internal    Combustion    Engine    for 
Central  Stations 

M'hile  with  low  loa<l  factors  and  cheap  fuel,  the  sieani 
turbine  in  large  units  is  the  only  form  of  heat  engine  to 
be  considered  for  central  station  work,  there  may  be  cases 
where  a  combination  of  high  load  factor  and  expensive 
fuel  restores  the  advantage  to  the  internal  combustion 
engine.  This  is  stated  by  ^f.  ftercke,  chief  engineer  of  the 
Maschinenbaufabrik,  Augsluirg-Xiirnberg,  in  a  pajier  pre- 
presented  to  the  Central  Station  Association  at  Iveil  re- 
cently, an  abstract  of  which  will  be  found  on  page  28(} 
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There  are  several  stations,  be  says,  in  Germany  in  which 
Diesel  engines  and  steam  turbines  are  installed  together, 
the  engines  taking  care  of  the  steady  load,  the  turbine  of 
the  peaks. 

The  question  suggests  itself  whether  there  may  not  be 
numerous  instances  in  metropolitan  practice  where  the 
location  of  a  large  internal  combustion  station  in  the 
heart  of  the  system  might  be  advisable.  Such  a  station 
composed  of  only  enough  units,  of  the  greatest  capacity 
available,  to  take  care  of  the  continuous  load,  would  gen- 
erate current  very  cheaply,  running  as  it  would  practical- 
ly continuously  at  its  rated  capacity.  The  location  of 
the  plant  in  the  center  of  this  district  to  be  served  would 
reduce  the  amount  of  copper  required  and  whether  pro- 
ducers or  oil  engines  were  used,  there  woukl  be  freedom 
from  the  smoke  nuisance,  so  important  in  a  crowded 
locality. 

It  is  not  beyond  the  bounds  of  practicability  that  the 
problem  of  cooling  water  could  be  solved  by  utilizing 
the  waste  heat  of  such  a  station,  in  a  heating  system  for 
the  surrounding  buildings.  The  situation  of  the  station 
in  a  densely  occupied  district,  would  again  conduce  to 
this  result  and  the  ability  to  furnish  heat  as  well  as  cur- 
rent would  extend  the  range  of  application  for  the  central 
station  service.  An  economical  turbine  station  on  the 
water  front  could  furnish,  through  smaller  mains  than 
would  be  otherwise  necessary,  tlie  surplus  current  re- 
quired for  the  peaks. 

The  mjost  extensive  use  for  large  gas  engine  plants  has 
been  in  connection  with  iron  and  steel  works  where  gas  is 
practically  a  byproduct  and  where  the  comparatively  high 
price  and  cimibersomeness  of  the  gas  engine  counts  for 
most  as  against  the  burning  of  this  gas  under  boilers  and 
the  utilization  of  the  steam  in  the  simpler  and  less  ex- 
pensive turbine.  May  we  not. see  a  revival  of  the  large 
gas  engine  installation,  under  conditions  which  will  offer 
it  a  better  chance? 

New  York  Boiler  Laws 

Is  New  York  State  to  have  a  boiler-inspection  law? 
Those  who  listened  to  the  remarks  of  the  speakers  at  the 
recent  dinner  of  the  American  Institute  of  Steam  Boiler 
Inspectors  could  not  help  but  feel  optimistic  in  the  mat- 
ter. However,  this  is  not  the  first  time,  by  any  means, 
that  boiler-inspection  laws  have  been  proposed  for  New 
York.  Several  times  the  prospects  have  seemed  par- 
ticularly bright  for  the  adoption  of  such  laws  when  op- 
position was  encountered,  influential  enough  through  leg- 
islative channels,  to  defeat  them. 

As  to  the  desirability  of  a  state  inspection  law,  little 
need  be  said — its  merits  are  obvious.  In  fact,  they  are 
so  overwhelming  that  its  opponents  dare  not  come  out 
in  the  open.  Any  opposition  that  may  develop  is  likely 
to  spring  from  certain  interests  in  cities  within  the  state, 
which  have  their  own  boiler  regulations.  Boiler  inspec- 
tion in  New  York  City  has  long  been  recognized  as  de- 
ficient. Not  that  the  inspectors  are  incompetent,  but 
they  are  laboring  under  a  system  which  prevents  them 
from  doing  full  justice  to  their  work.  Ft  is  time  for  a 
change  from  these  conditions. 

Equally  as  important  as  the  construction  and  inspec- 
tion of  a  steam  boiler  is  its?  operation.     The  best  boiler 


m  tlie  hajids  of  an  incompetent  man  is  more  dangerous 
than  a  stick  of  dynamite.  This  leads  to  the  considera- 
tion of  a  state  license  law.  One  without  the  other  af- 
fords only  partial  protection.  In  Massachusetts,  an  en- 
gineers' and  firemen's  license  law,  a  boiler-inspection 
law  and  rules  governing  the  construction  of  boilers  are 
enforced  conjunctively.  One  other  state,  Ohio,  and  sev- 
eral cities,  have  adopted  the  Massachusetts  law  as  a 
whole,  while  other  states  and  cities  have  adopted  it  in  a 
modified  form,  or  certain  of  its  provisions.  The  Massa- 
chusetts rules  are  regarded  as  the  standard,  and  New 
York,  which  boasts  of  being  the  Empire  State,  cannot 
afford  to  compromise  but  should  adopt  the  best  there  is. 

The  present  movement  has  the  advantage  over  pre- 
\ious  ones  in  that  it  is  being  pushed  by  the  American 
Institute  of  Steam  Boiler  Inspectors,  whose  judgment 
in  such  matters  should  carry  much  weight.  Further- 
more, it  has  the  support  of  many  prominent  boiler  man- 
ufacturers and  insurance  companies  and  will  no  doubt 
be  heartily  indorsed  iiy  all  engineering  societies  within 
the  state. 

Mav  success  be  the  reward  of  this  latest  effort. 


No   More  Merchant  Pipe 

Standard  pipe  is  a  good  deal  thicker,  and  lience 
stronger  than  it  need  be  for  many  purposes,  especially 
in  the  smaller  diameters.  It  has  been  the  practice  to 
draw  pipe,  to  order,  of  less  than  the  standard  thickness 
for  use  under  conditions  in  which  the  standard  pipe  was 
not  necessary,  and  this  pipe,  of  the  same  outside  diam- 
eter as  the  standard,  threaded  and  coupled  like  it,  sim- 
ilar in  every  particular  except  in  tliickness  and  weight, 
has  been  known  as  "merchant"  pipe. 

The  reduction  in  weight  per  running  foot  has  been  kept 
within  limits  and  the  merchant  pipe  subjected  to  the  same 
test,  seven  or  eight  hundred  jjounds  per  square  inch,  as 
the  standard  pipe.  So  long  as  the  purchaser  knew  what 
he  was  getting  and  used  it  intelligently  no  harm  was 
done,  and  unnecessary  expenditure  was  avoided. 

But  with  a  lot  of  pipe  of  less  than  standard  thickness 
floating  around,  all  looking  alike,  all  threaded  alike,  only 
the  expert,  or  he  who  was  particular  enough  to  weigh  or 
gage  it,  could  be  certain  that  he  was  getting  what  he  paid 
for,  and  this  thin  pipe  was  likely  to  be  inadvertently  per- 
verted to  uses  for  which  it  was  not  adapted. 

The  National  Tube  Co.,  therefore,  has  announced, 
and  we  understand  that  most  if  not  all  of  the  other  pipe 
producers  are  adopting  the  same  attitude,  that  it  will 
draw  no  more  merchant  pipe,  so  that  when  a  man  buys 
a  length  of  pipe  he  may  be  sure  that  it  is  within  five  per 
cent,  of  the  prescribed  weight  above  or  below.  It  may  look 
arbitrary  to  refuse  to  draw  an  order  of  pipe  of  special 
thickness  (or  thinness)  for  a  customer  who  has  use  for  a 
large  quantity  for  gas  or  other  low-pressure  service,  but 
in  clearing  the  market  of  undersized  stock  and  making 
"standard  pipe"  mean  one  thing,  the  move  is  the  best 
thing  which  has  happened  for  the  purchaser  of  piping  in 
m.any  years. 

According  to  one  engineer  the  extortionate  prices  im- 
posed by  the  coal  barons  are  not  undiluted  evil.  'T 
wish  the  stuff  cost  twice  as  much,"  he  says,  "then  a  man 
would  get  a  little  more  credit  for  saving  it." 
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Interesting  Piping  Problem 

In  power-plant  design  the  end  which  sufters  most  from 
lack  of  careful  study  is  usually  the  piping.  Much  of 
the  piping  is  often  left  until  the  last  moment  after  the 
position  of  all  the  various  pieces  of  apparatus  has  been 
decided  upon,  and  is  rushed  through  without  much 
thought  as  to  system  or  cost.  I  recently  had  brought  to 
my  attention  a  pipiug  layout  in  which  a  saving  of  several 
hundred  dollars  over  the  original  method  was  effected  by 
a  careful  study  of  the  whole  problem  and  a  revision  of 
the  plans. 

Referring  to  the  diagram.  .1  is  the  jiowcr  plant  and  it 
is  desired  to  carry  steam  to  the  ]ioint  1>.    BD  is  a  tunnel 


HiAcitAM    OF    l'ii'i;i,i\i; 

in  which  the  pipe  is  carried  on  hangers.  From  .1  to  BT) 
it  is  necessary  to  run  the  pipe  in  conduit.  The  original 
layout  was  to  run  the  pipe  through  a  conduit  to  B  (ABD 
being  a  90-deg.  angle)  and  then  throtigh  the  tunnel  to  D. 
Estimates  were  secured  for  installing  the  pipe  in  the 
conduit  at  $7  a  foot  and  in  the  tunnel  at  $3  a  foot.  If 
run  the  way  originally  intended  the  cost  would  be  $10,000. 
If  run  from  A  to  I)  in  a  straight  line  through  a  conduit 
the  cost  would  be  $9!)00.  From  a  study  of  the  layout 
"it  was  evident  that  by  running  the  conduit  to  some  ])oint 
C,  intermediate  between  B  and  D.  the  work  could  be  done 
for  the  least  money.  The  proi)lem,  therefore,  was  to  lo- 
cate C.  This  can  bo  done  by  the  use  of  trigonometry  and 
a  trial  and  error  method,  but  is  long  ami  tedious.  A 
much  simpler  method  is  the  use  of  what  is  known  as 
"maxima  and  minima"  in  dilfercutial  calculus. 
If  we  call  the  distance 

AB  =  a; 

BC  ■=  r : 
and 

in  =  Cost  per  foot  f(ir  a: 

n  =  Cost  per  foot  lor  ./• ; 
llien  without  giving  the  vario 
suit  is  obtairtcd 


steps  by  wbicli  the  re- 


For  the  case  given  BC  siiould  he  4r.-)  ft.  This  gives  a 
total  cost  of  $9325. 

If  there  was  a  pipe  going  from  C  the  other  direction  in 
the  tunnel  and  its  cost  was  z  the  equation  would  be 


V  m^ 
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^Y.  L.    DunAXD. 


Receiver  and  Automatic  Control 

In  the  plant  where  I  am  em]jloyed,  a  tank  5  ft.  in 
(liameter  and  12  ft.  long  receives  the  exhaust  and  re- 
turns from  five  engines  and  two  paper  machines.  The 
boiler-feed  pumps  remove  tlie  water.  Make-up  water  was 
always  regulated  by  hand  and  it  was  impossible  to  keep 
the  water  level  at  a  normal  height :  there  was  also  a 
great  variation  in  the  temperature. 

A  number  of  float  arrangements  had  been  tried  to  au- 
tomatically regulate  the  nnike-up  water,  but  without  sue-. 


0^    Si^ij^tii^iiJ^ 
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Pri'iNG  OF  Tui:  Hkturx  Tank  axd  Automatic  C'oxthoi. 

cess.  I  tried  the  device  illustrated  herewith,  which 
v.orked  satisfactorily.  .1  is  a  connnon  globe  valve  with  a 
smooth  stem.  B  is  a  liall  joint.  At  first  we  used  a  piece 
of  S-in.  pipe  for  the  Hoat  (  liamhcr  /'.  with  the  top  open 
to  the  atnios])liere,  but  at  limes  the  water  in  the  receiver 
would  get  above  212  dcg.  K.  and.  owing  to  (he  small  area 
of  the  atmospheric  pipe  K.  the  pressure  would  rise  from 
1  to  ;■>  lb.  ]iressure.  which  forced  the  water  in  the  re- 
ceiver, up  into  the  Ihiat  chainher.  closing  the  valve  at 
the  tinu'   it    shmild   he  open. 

To  overcome  this  we  p\it  a  ca)i  nii  the  top  end  of  the 
chamber  P  with  a  packing  gland  at  P  for  the  lloat  rod 
to  run  through,  and  connected  a  pipe  A'  to  the  top  of  the 
U'ceiver  and  float  chamber  fo  equalize  the  ])ressure. 

A  piece  of  %-in.  nickel-plated  pii)e  F  was  used  for 
the  rod.  It  was  soldered  to  the  bottom  aiul  top  of  the 
ihiat  and  a  %-in.  hole  drilled  at  A'  ami  another  below  it. 
Tliis  overcame  the  trouble  cuccnuilcred  from  collapsing 
floats. 

There  is  25  lb.  pressure  in  llie  pipe  M.  ^'alves  S  and  T 
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are  to  shut  off  the  float  chamber,  H  is  the  overflow;  G 
is  a  vent  to  prevent  siphon  action;  I  is  the  blowolT 
valve ;  L  is  a  valve  to  be  used  if  the  float  is  out  of  com- 
mission, N  is  a  ga.se-glass ;  0  the  pump  suction,  and  re- 
turn pipes  are  sliown  on  top  of  the  tank. 

E.   A.   Haffokd. 
Groveton,  X.  H. 

Corroded  Boiler   Tubes 

The  boiler  tube  from  which  the  accompanymg  illustra- 
tion was  made  was  lately  removed  from  a  horizontal  re- 
turn-tubular boiler,  near  Detroit,  Mich.  This  boiler  is 
itsing  water  containing  a  considerable  quantity  of  sul- 
phates. The  scale  is  not  generally  thick  nor  hard.  Eaw 
water,  in  the  winter  only,  makes  up  about  50  per  cent, 
of  the  feed  water,  the  remaining  50  per  cent,  is  con- 
densation from  the  heating  system,  which  is  returned  to 
the  boiler  by  a  return  trap. 


•ijfuiiijislg^;'' 


Corroded  axd  Cracked  Boili:i!  Tube 

Xatural  gas  is  used  for  fuel,  together  with  refuse,  con- 
sisting principally  of  wood. 

Cutting  of  the  tubes  by  corrosion  on  tlie  exterior  of  the 
tube  occurs  close  to  the  inside  of  the  front  head.  These 
tubes  are  from  three  to  about  10  years  old.  The  faulty  ones 
are  not  all  close  to  one  another  but  scattered  about  the 
nest.  Other  boilers  belonging  to  the  same  firm,  located 
across  the  street,  have  not  experienced  any  such  trouble 
in  over  ten  years. 

'tt'e  fail  to  find  any  good  reason  for  the  cause  of  this 
trouble  and  thought  that  perhaps  some  reader  might  have 
had  a  similar  experience.  Comments  by  those  who  can 
throw  light  on  the  matter  will  no  doubt  prove  of  general 
ii'terest  to  engineers  and  firemen. 

J.  B.  Latour. 

Toronto,  Out.,  Can. 


Calculating  Scales 


Eeferring  to  Fig.  1,  assume  that  the  horsepower  of  a 
l-lx24-in.  engine  is  to  be  found,  having  a  mean  effective 
pressure  of  52.5  lb.  and  a  speed  of  150  r.p.m.  Place  the 
stroke  scale  C  opposite  the  mean  effective  pressure  scale  B 


The  calculating  scale.  Fig.  1,  is  for  horsepower  com- 
putations; Fig,  2  is  for  figuring  pipe  areas  for  the  flow 
of  steam  under  different  conditions  of  pressure  and  \eloc- 
ity.  The  horsepower  calculator  is  used  in  checking  the 
horsepower  of  engines,  but  the  limits  are  so  large  that 
extreme  accuracy  is  not  attainable  with  the  size  of  scale 
used. 

The  steam-flow  scale  is  of  value  for  anyone  interested 
in  the  design  or  operation  of  steam  machinery.  With 
larger  subdivisions  the  error  of  about  2  per  cent,  would 
be  decreased. 


Fig.   1.    Chart  for  Computixg   Engine  Horsepower 

and  revolve  the  top  disk  until  the  revolution  per  minute 
scale  E  is  opposite  the  cylinder-diameter  scale  D.  Then 
revolve  the  rider  arm  to  the  arrow  and  read  the  horse- 
power on  the  scale  A.  Thus  24  and  52.5  will  line  up  on 
the  scales  C  and  B  and  150  and  14  will  line  up  on  scales 

Allow  VeIocJiy=  100  ff.  per  second.  Engine  Sieam  Pipe 
"          "          150  "     '        "  "       Exhaust 

150  "    "        "        Turbine  Steam 
200  "    "    '!__  "         Exhaust 


Chart  for  Co:MPt"TixG  Pipe  Areas 


E  and  B.  The  line  on  the  rider,  when  covering  the  ar- 
row, points  to  72.5  hp.,  or  double  that  for  the  total 
horsepower  developed  per  revolution,  145  hp.. 

The  chart  shown  in  Fig.  2  is  manipulated  similarly. 
Assume  the  steam  velocity  is  to  be  100  ft.  per  sec,  steam 
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l^ressure  160  lb.  and  that  15,000  lb.  of  steam  is  required 
per  hour.  Place  the  velocity  scale  D  opposite  the  desired 
quantity  of  steam  on  chart  C  and  move  the  rider  over  the 
steam  pressure  sidewise  on  scale  E,  the  area  will  be 
shown  as  18  sq.in.  on  the  scale  B. 

G.   H.   Bascome. 
Elmira,  X.  Y. 

Device  for  Removing    Pump  Cylinder 
Heads 

The  device  illustrated  herewith  I  find  very  haudy  for 
removing  water-cylinder  heads  on  horizontal  pumping 
engines  where  the  crane  service  is  available. 

The  only  provisions  necessary  for  applying  it  are  an 
eye-bolt  hole  drilled  and  tapped  in  each  head  and  the  sulj- 


Device  for  RE;NroviNrT  Cylinder  Heads 

.stitution  of  a  tap  bolt  for  a  stud  in  the  holes  where  the 
bracket  leg  screws  in.  The  slotted  oblong  hole  in  the 
bracket,  facilitates  removing  the  lower  side  heads  which 
may  be  handled  either  by  a  long  hook  bolt  or  the  same 
hook  bolt  and  a  long  eye-bolt,  ijreferably  the  latter,  as 
shown. 

This  makes  a  portable  outfit  for  this  kind  of  wurk.  iiiid 
its  removal  after  using  leaves  the  appearance  of  the  |iiiiiii) 
unchanged,  there  is  no  necessity  to  hang  unsightly  lim- 
bers, ropes,  hoists,  etc.,  overhead. 

W.  Olivf.h. 

Kaciiie,  Wis. 


water  out  of  the  boiler  in  the  morning  or  during  the 
noon  hour. 

Where  there  is  room  the  tee  could  be  placed  next  to 
the  blowoff  valve,  as  shown  in  Fig.  3,  and  where  the  blow- 
off  pipe  of  two  or  more  boilers  discharges  into  one  main 
trunk  pipe  leading  to  a  closed  tank  or  catch  basin,  the 
])iping  could  be  arranged  as  shown  in  Fig.  3. 

One  bad  mistake  some  engineers  and  steam  fitters  make 
in  connecting  a  blowoff  valve  to  a  boiler  is  that'  they 
fail  to  place  a  flange  or  union  near  the  valve  between  it 
and  where  the  water  is  discharged.  Often  the  flange  or 
Tinion  is  placed  a  long  distance  from  the  valve,  then,  if 
it  is  necessary  to  take  out  the  valve  for  repairs  or  to  re- 


From  Blowoff  Valve 


l/'"5 


Fro m  Bio woff  Vcr I ve 


To  Sewer 


m^=^" 


^      ns.2 


From  Blowoff 
Valve-. 


u 


(p^' 


^^..Plug  ^r 

FIG.3  ''1S.4 

Blowoff-pipe    Coxxections    Arranged    to    Indicate 

Leaky  Valve 

1/laee  it,  a  lot  of  i)iping  must  bo  disconnected,  causing 
unnecessary  labor  and  expense.  All  this  trouble  can  be 
avoided  by  placing  the  flange  or  union  as  near  as  pos- 
sible to  the  blowoff  valve. 

IT.  A.  Jahnke. 
ililwaukeu.  Wis. 


Openings  to  Detect  Leaky    Blowoff 
Valves 

It  is  good  practice  to  have  an  opening  in  the  blowoff 
pipe  between  the  blowoff  valve  and  where  the  water  is 
discharged,  as  then  one  can  see  at  once  if  the  bldwoff 
valve  is  leaking  or  not. 

Ks]icci:illy  slidiild  this  lie  done  where  the  water  is  dis- 
chargccl  into  a  closed  tank  or  catch  basin.  Onr  MowolT 
pipe  discharges  the  wafer  into  a  catch  basin  outside  of  the 
building  and  the  blowoff  ])ii)e  is  arranged  as  shown  in 
Fig.  1.  After  I  start  filling  the  boiler  with  water  the 
plug  A  is  removed  and  the  end  of  the  tee  left  open  until 
steam  is  rai.sed  in  the  boiler.  In  this  way,  if  the  blowolT 
valve  leaks  ever  so  little,  it  can  be  detected  at  once.  1  also 
find  this  affords  a  good  means  to  make  sure  that  the  blow- 
off  valve  is  not  leaking  after  blowing  some  of  the  dirty 


Engine  Vibration  Tests 

In  the  advei'tiscnieiit  of  the  liollins  engine  in  a  recent 
issue  of  Power  I  read  tiiat  a  Massachusetts  engineer  bal- 
anced a  ))encil  on  the  top  of  the  cylinder  and  it  stood 
upright    all    ihiy. 

This  rci'tainly  speaks  highly  for  the  engine,  but  I  once 
|icrrorni('il  a  liltli>  ivvpiTiinnit  myself  which  I  thought 
ratlici-  hard  to  hc;il.  While  running  one  of  those  125-hp. 
engines  installed  in  I  he  !•'.  H.  fierce  Chair  company's 
shop  at  South  Keciie,  \.  II..  1  balanced  three  ten-cent 
])ieces  on  various  ])arts  of  the  engine,  one  on  the  pillow 
block,  one  on  top  of  the  cylinder  over  the  back  head,  and 
one  on  the  frame  over  the  girder,  and  they  would  stand 
that  way  foi-  hours  or  until  I  got  short  of  spare  change. 

■AirTiini  TI.  1'arkeu. 

Warren    Sunitnit,    X.    II. 
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Air  Receiver  Explosions 

Some  months  ago,  while  invest igatiiii;-  the  causes  <if  an 
explosion  of  au  air  receiver  that  was  carrying  KHi  lb. 
gage  pressure  regularly,  I  found  and  reported  that  the 
inside  of  the  receiver  was  coated  with  grease  to  tiie  ex- 
tent of  1/4  in.  thick  or  more.  Since  that  time,  1  have 
had  opportunity  to  examine  four  other  compressors  and 
receivers.  In  each  case  the  interior  of  the  .shell  was 
coated  with  grease  from  14  to  l^  in.  tliiek.  I  immedi- 
ately began  to  look  into  the  lubrication  of  the  compressor 
cylinders  and  have  since  been  watching  the  lubrication  of 
various  running  compressors,  with  the  following  deduc- 
tions, some  of  which  agree  with  the  previous  discussion 
on  this  subject : 

Many  mines  employ  a  nuin  to  run  the  coniiiressor  and. 
at  the  same  time,  watch  the  hoist  located  near-by.  This 
man  must  set  his  lubricator  to  feed  the  oil  and,  nine  times 
out  of  ten,  adjusts  it  to  feed  about  the  same  as  for  a 
steam  cylinder.  Frequently  he  .starts  it  cold  and  after 
running  it  awhile  goes  back  and  finds  a  tiny  stream  of 
oil  running  into  the  cylinder.  Again,  when  the  lubri- 
cator is  empty,  he  grabs  an  oil  can,  as  he  gets  a  hoisting 
signal,  and  rushes  over  to  put  a  few  drops  iuto  the  lubri- 
cator before  answering  the  signal.  A  change  in  engi- 
neers frequently  means  a  change  in  oils  and  a  ditferent 
rate  of  feed.  Eveu  if  the  engineer  has  only  the  com- 
pressors to  care  for  he  is  generally  a  "steam-man"  and 
gages  his  steam  and  air-cylinder  lubrication  alike. 

Frequently  incompetents  are  entru.sted  with  motor- 
driven  compressors,  and  are  instructed  to  watch  for  hot 
bearings,  pull  the  switch  if  anything  goes  wrong  and 
send  for  the  electrician.  All  that  such  men  can  do  is  to 
j)our  out  oil,  which  they  generally  do. 

Many  compressors  draw  their  air  from  the  hot  engine 
room  and  out  here  on  the  desert  of  Xevada,  the  mine 
compressors  frequently  have  open  imfiltered  intakes  draw- 
ing in  desert  air  with  a  goodly  portion  of  dust  and 
alkali.  Assuming  this  intake  temperature  to  range  from 
1"30  to  160  deg.  F.  and  the  compression  from  100  to  104 
lb.  gage  pressure,  the  heat  of  compression  may  run  up 
the  temperature  to  500  deg.,  which  is  higher  than  the 
flash  point  of  many  cylinder  oils.  The  stopping  of  the 
discharge  by  a  valve  stem  sticking,  or  grease  or  carbon 
accumulating  to  reduce  its  area,  or  by  running  the  com- 
pressor at  overspeed,  may  cau.se  some  of  the  heated  air 
to  come  back  for  recompression  and  still  further  advance 
the  temperature.  Cylinder  jackets  might  help  some,  but 
the  u.se  of  muddy  mine  water  without  any  attention  would 
soon  reduce  their  value. 

Many  steam-driven  compressors  have  throttle  governors 
to  reduce  the  speed  when  occasion  requires,  but,  in  sev- 
eral cases,  I  have  observed  that  the  lubricator  was  left 
adjusted  for  the  maximum  speed. 

To  avoid  air-receiver  explosions,  it  would  .seem  that 
several  points  can  be  emphasized.  Use  only  the  best  of 
compressor  oil  and  use  only  as  little  of  it  as'  possilde,  far 
less  than  any  steam   cylinder  requires.     At  the  low^est 


i'oint  of  the  receiver  tap  for  a  drain  and  screw  in  a  short 
nipple.  Then  bush  the  out  end  of  the  nipple  up  to  a 
;-  or  -l-in.  pipe  and  put  on  a  piece  6  in.  to  1  ft.  long. 
Reduce  again  to  the  size  of  the  stop  cock  valve  it  is  de- 
sired to  use.  This  forms  a  pocket  or  trap  for  the  moisture 
and  oil,  which  can  be  readily  blown  out.  In  the  absence 
of  a  trap,  a  hole  is  blown  in  the  residue  when  the  blow- 
off  cock  is  opened.  The  little  hole  immediately  fills  up 
and  the  thick  oil  deposit  does  not  flow  at  all.  I  have  seen 
.soft  .soap  and  water  and  potassium  or  sodium  hydrate  and 
water  used  for  cleaning  grease  and  gum  from  cylinders, 
iiir  passages  and  receivers  with  considerable  success.  Gaso- 
line, kerosene,  naphtha  or  the  like  should  not  be  used 
as  they  are  likely  to  form  highly  explosive  gases  inside 
the  air  passages.  In  any  event,  a  manhole  should  be  pro- 
vided in  the  receiver  so  that  it  can  be  readily  scraped 
and  cleaned. 

Tonopah.  Xev.  Letsox  Balliet. 

Mr.   Booth's    Condenser    Problem 

The  problem  given  by  W.  H.  Booth  in  the  Dec.  17  is- 
sue relative  to  the  source  of  power  that  lifts  the  cool- 
ing water  into  a  jet  condenser  17  ft.  above  a  canal,  proves 
to  be  of  unusual  interest. 

By  his  wording,  I  a.ssume  that  the  question  means 
that  the  outlet  from  the  air  pump  is  open  to  the  at- 
mosphere 17  ft.  above  the  canal,  and  that  from  there  the 
water  runs  down  freely  through  an  open  pipe  or  duct  to 
the  canal.  This  assumption  being  correct  the  answer  to 
the  question  is  that  the  lifting  power  comes  directly  from 
the  air  pump. 

Let  us  imagine  a  theoretical  case  of  a  plant  of,  say  500 
hp.,  where  there  are  175  lb.  of  steam  condensed  per  min- 
ute,  assuming   a   ratio   of   cooling   water   and   steam   of 
30  to  ].     The  cooling  water  would  amount  to 
30  X   175  =  5250  lb.  per  mi„. 

Adding  this  to  the  175  lb.  of  condensate  gives  5425  lb. 
of  water  pumped  out  by  the  air  pump  per  minute.     To 
make  the  problem  simple,  assume  there  is  no  air  in  either 
the  condensed  steam,  or  in  the  cooling  water  and  that  the 
wet-air   pump   handles    a    full    cylinder   of   water   every 
stroke.     Assuming,  also,  that  the  hotwell  temperature  is 
115    deg.    F.,   the   water   handled   by  the   wet-air  pump 
would  weigh  61.8  lb.  per  cu.ft.     Then  we  have 
5425 
ol .  b 
of  water  pumped  per  minute. 

Further,  let  the  vacuum  be  about  26  in.,  giving  an  ai)- 
solute  condenser  pressure  of  2  lb.  per  sq.in.  Then  the 
head  against  which  the  wet-air  pump  must  di.scharge  is 

14.7  —  2  ^  12.7  lb.  per  sq.in. 
Neglecting   slippage,   friction   and    all    other   losses,   the 
power  developed  in  the  water  cylinder  of  the  air  pump 
would  be 

87.8  X  12.7  X  144       ,  ^,,.  , 

33:000 =  ^-^'^  ^'f'- 
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Of  this  nmoiuit.  the  cooling  water  represents 
525U 


54-25 


X  4.86  =  4.';i  hp. 


Now.  supposing  a  purely  theoretical  (and  really  impos- 
sible) condition,  that  the  cooling  water  is  as  hot  as  the 
hotwell  water  just  to  have  one  horsepower  balance  theo- 
retically the  height  to  which  the  available  vacuum  would 
lift  the  cooling  water.  This  would  be 
12.7  X  144 
61.8 

To  lift  5250  lb.  of  cooling 
29.6  ft.,  would  require 

5250  X  29.6 


=  29.(;_/y. 

water  per  minute  through 


=  4. 


hp. 


33,000 

Thus  we  see  that  the  power  exerted  by  the  suction  of 
tlie  condenser  (the  atmosphere)  is  exactly  the  same  as 
that  develoi)ed  in  the  wet-air  pump,  pumping  the  cool- 
ing water  only  from  vacuum  to  atmosphere.  Thus,  the 
power  to  lift  the  cooling  water  comes  from  the  pump. 

As  a  matter  of  fact, -the  theoretical  condition  that  the 
cooling  water  is  as  hot  as  the  hotwell  water  is  impos- 
sible; so  a.ssuming  the  cooling  water  at  60  deg.  F.,  it 
would  weigh  62.4  lb.  per  cu.ft.,  and  the  actual  column 
that  the  vacuum  would  support  would  be 
12.7  X  144 


62.4 


=  2!i.3  /■/. 


column  of  water 


and  the  horsepower  necessary  to  lift  tii 
would  be 

5250  X  29.3        ,  ,.,.  , 
33,000  ' 

The  difference  l)etween  this  and  the  4.71  hp.  or  0.05 
hp.  is  the  little  extra  burden  that  the  air  pump  has  to 
bear,  due  to  the  heat  put  into  the  water  witli  its  conse- 
Cjueut  expansion. 

Suppose  we  have  a  surface  condenser.  Without  any 
air,  the  air  pump  would  develop  only  the  power  required 
to  j)ump  the  175  lb.  of  condensed  steam  per  minute.  This 
would  represent  a  volume  of 

i^^  =  2.83  ...//. 

which  against  12.7  lb.  pressure  would  be 
2.83  X  12.7  X  144       ,   ,_  , 
337.UU- =  f'-l-^.  V- 

If  there  were  any  lift,  there  prol)abiy  would  be  an  equal 
drop  at  the  outlet;  so,  except  for  friction,  the  circulating 
pump  requires  no  power  at  all. 

If  we  have  a  barometric  condenser;  without  any  air 
])unip,  the  condenser  could,  theoretically,  l)e  placed  a 
distance  above  the  hotwell  equal  to  the  height  of  con- 
(len.sate  liiat  the  atmosphere  will  support.  This  we  have 
already  figured  to  be  29.6  ft.  If  the  cooling  water  were 
at  the  same  temi)erature,  this  too  would  be  lifted  this 
height  by  the  vacuum  (atmosphere)  and  once  started 
would  continue  roiinrl  and  round,  assuming  no  friction, 
v.ithout  any  pumping.  However,  the  cooling  water  to 
be  of  any  use  must  be  cold,  so  assuming  60  deg.  as  be- 
fore, the  height  to  which  the  vacuum  would  lift  this 
water  would  be,  a.s  already  figure<l,  29.3  ft.  The  extra 
lift  of  0.3  ft.  must  be  supplied  by  a  circulating  pumj), 
lis  well  as  considerably  more  lift  necessary  to  insure  that 
tiie  condensing  chamber  shall  be  high  enough  above  the 


hotwell  to  free  itself  quickly  of  water.     This  usually  is 
not  less  than  34  ft.  total. 

Applying  these  theoretical  considerations  to  Mr. 
Booth's  problem,  we  find  the  lift  in  his  case  is  only  17 
ft.,  which  is  much  less  than  the  head  against  which 
the  pump  must  discharge.  The  rest  of  the  available  col- 
umn must  be  absorbed  by  water  friction,  or  a  throttling 
\alve,  which  is  the  same  thing,  so  the  air  pump  is  really 
lifting  all  the  cooling  water  into  the  condenser  and  over- 
coming this  friction  also.  The  friction  does  not  throw 
any  more  load  on  the  air  pump  because  the  pump  must 
develop  the  full  power  in  getting  the  cooling  water  out 
against  the  atmosphere  and  this  may  be  absorbed  en- 
tirely by  lifts  or  by  a  shorter  lift  with  more  friction.  The 
I'ower  is  there ;  so,  within  lifting  range,  the  height  of  lift 
does  not  really  alter  the  power. 

It  is  perfectly  possible  to  decrease  this  power  by  prop- 
erly piping  the  condenser  outlet  back  to  the  canal  level. 
This  would  then  form  a  siphon  and,  barring  friction  and 
air  and  the  change  in  volume,  due  to  water  temperature, 
no  power  would  be  required  to  circulate  the  cooling 
water.  The  atmosphere  would  raise  the  water  against 
gravity  and  gravity  would  return  it  against  the  at- 
mosphere. In  this  case,  any  power  obtained  from  a  water 
turbine  in  the  return  to  the  canal,  as  Mr.  Booth  men- 
tioneil.   would   come  from  the  air  pump   itself. 

If  a  jet  condenser  is  placed  on  a  level  with  the  source 
of  cooling  water  supply,  the  air  puni])  must  do  the  en- 
tire work  of  pumping  out  against  the  atmosphere.  This 
IS  because,  there  being  no  lift,  the  cooling  water  must  bo 
choked  back  by  a  valve,  lest  it  swamp  the  condenser 
and  run  back  into  the  engine;  and  there  being  no  lift 
there  can  be  no  drop  on  the  discharge,  so  gravity  can- 
not help  to  remove  the  water.  If,  however,  the  con- 
denser can  be  elevated  so  as  to  use  the  vacuum  to  elevate 
the  water  and  the  rest  of  the  vacuum  to  overcome  fric- 
tion and  valve  control,  the  consequent  drop  at 
the  discharge,  less  its  friction,  will  be  almost 
enough  to  get  the  cooling  water  up  into  tin; 
condenser.  Then  the  air  pump,  aside  from  hand- 
ling the  condensate,  need  overcome  only  friction  in  re- 
moving the  cooling  water.  By  the  elevation  the  vacuum 
overcomes  gravity,  which  can  return  the  work,  instead  of 
valve  friction,  which  cannot  return  anything.  Some  pro- 
vision might  have  to  be  made  to  get  the  air  down  the  dis- 
charge pipe,  but  a  high-water  velocity  would  probably 
carry  away  all  the  air  contained  in  the  column  of  water. 

This  brings  us  to  the  conclusion  that,  properly  ar- 
ranged, neglecting  friction  and  air,  no  kind  of  condenser 
should  require  power  to  liandle  cooling  water  e>;cept  that 
to  overcwne  the  cllrci  ol'  a  slight  expansion  of  the 
water,  due  to  an  increase  of  temperature.  Thus  ex])an- 
siou  would  tend  to  make  the  siphon  run  backward  and 
this  tendency  must  l)e  ovcnomc  with  a  pump.  Even  in 
a  barometric  conden.ser,  whcir  the  work  seems  to  be 
done  by  gravity,  the  energy  of  the  steam  must  be  used 
to  lift  the  steam  itself  up  into  the  condenser  (so  many 
pounds'  weight  against  so  many  feet  lift)  for  it  to  run 
out  again  by  gravity  against  the  ]>ressure  of  the  at- 
mosphere. If  the  engines  are  above  the  condenser,  then 
this  lifting  is  done  between  the  i)oilers  and  the  engine; 
or  if  the  boilers  too  are  al)ove,  (he  work  is  done  by  the 
boiler-feed  pumps. 

Ii.  S.   I!  n  Alt  I). 

New  York  City. 
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(irnte   Area — What    should    be    the   grate   area    of   a    200-hp. 
boiler? 

M.    P.    M. 

A  200-hp.   boiler  should  be  capable  of  evaporatitig. 
200    X    34%    =    6900  lb.  of  water  per   hr. 
from   and   at   212   deg.   F.    at  atmospheric   pressure.      For   ordi- 
nary good  operation   9   lb.  of  water  should  be  evaporated  per 
pound   of  coal.      Then   the    coal   required    per   hour  is 

6900 

-     766.6 

9 
Average   practice  allows   18%    lb.   of  coal  per  hour  per  square 
foot  of  grate.     Then 

766.6 

-    41.4    sq.ft. 

lS.,=i 
or,  in  round  numbers.  42  sq.ft.  should  be  the  grate  area. 

Rice   &    Sargent   en- 


Sliding  Foot  on   Ensluf — Wh.v   doe 
gine  have  a.  sliding  foot? 


S.   J. 


A  sliding  fool  is  placed  under  the  engine  to  permit  the 
frame  to  assume  its  natural  aligrment  without  being  strained, 
as  It  might  be.  from  expansion  and  contraction,  or  springing 
of  the  engine  bed. 


Greatest  Pressnre  In  a  Boiler — What  part  of  a  B.  &  W. 
boiler  is  subject  to  the  greatest  pressure? 

F.    F.    M. 

The  greatest  pressure  per  unit  of  area  comes  on  any 
boiler  at  the  lowest  point  that  is  subjected  to  the  hydrostatic 
pressure  of  the  water  in  the  boiler.  In  a  B.  &  W  boiler,  that 
point  would   be   the  mud   drum. 


Oil  Englnje  Cylinder  Oil — What  is  a  suitable  cylinder  oil 
for  oil  engines  of  the  semi-Diesel  type? 

J.    L.    L. 

A  light,  clean  mineral  oil  should  be  used,  having  a  flash 
point  of  at  least  370  deg.  F.  and  a  specific  gravity  of  from 
0.913   to   0.907   or    24    to    25   deg.    on   the   Baumg   scale. 


Boiler  Circulating  Pipes — Where  is  the  circulating  pipe 
attached  in  a  vertical  shell  steam  boiler  and  what  is  its  par- 
ticular function? 

J.   S. 

Circulating  pipes  are  sometimes  placed  in  vertical  boilers 
connecting  the  "water  space  above  the  fire-tube  sheet  to  the 
lower  part  of  the  -water  leg.  to  induce  a  rapid  circulation  in 
the  water  leg  to  prevent  mud  and  sediment  accumulating 
there. 


Furnace  Draft  Velocity — How  can  the  velocity  of  the 
draft  in  a  boiler  furnace  can  be  calculated  from  the  force  of 
the    draft? 

J.   B. 

The  force  of  the  draft  cannot  be  converted  into  the  ve- 
locity of  the  draft,  because  the  obstructions  offered  by  the 
grate  and  fuel  bed  and  the  friction  of  the  air  through  the 
passages  cannot  be  told.  The  velocity  of  the  draft  can  be 
ascertained  by  placing  an  anemometer  in  the  air  entrance  or 
draft   passages   in    the    flues. 


Concrete  Boiler  Setting — Is  concrete  a  satisfactory  mate- 
rial for  a  boiler  setting  or  can  it  be  made  so  by  lining  with 
fire  brick? 

J.  G.  B. 
Brick  is  better  for  the  side  walls  of  a  boiler  setting  than 
concrete,  even  when  the  latter  is  lined  with  fire  brick  and 
an  air  space  is  left,  because  expansion  of  the  concrete  would 
be  inevitable  and  the  walls  would  be  very  likely  to  crack  in 
such  a  way  as  to  be  weakened  and  to  admit  air  through  the 
crevices  formed,  and  this  would  be  seriously  detrimental  to 
the  boiler   economy. 


Boiler  Uorsepofver — "What  is  meant  by  the  equivalent 
evaporation  of  a  boiler  and  how  is  the  boiler  horsepower 
rated? 

W.    N.    M. 


The  equivalent  evaporation  is  the  nun^bei'  of  pounds  of 
water  that  would  be  converted  into  steam  at  212  deg.  F.  and 
atmospheric  pressure  by  the  same  amount  of  heat  that  was 
utilized  in  the  actual  evaporation;  i.e.,  the  weight  of  water 
converted  into  steam  at  the  pressure  and  temperature  obtain- 
ing. .\  boiler  horsepower  is  usually  rated  as  each  341,2  lb.  of 
equivalent    evaporation    per   hour. 


Hydraulic  ISIerators — Explain  the  principles  of  "Standard 
Plunger"  and  high-speed  h.vdraulic  elevators.  What  is  the 
cycle  of  operation?  Can  the  same  water  be  used  indefinitely 
in    the    optration?      Is    the    use    of    air    necessary? 

C.  R. 

Standard  Plunger  and  other  high-speed  hydraulic  elevators 
are  operated  by  the  pressure  of  water  maintained  in  an  ac- 
cumulator or  in  an  elevated  tank.  When  the  water  is  dis- 
charged from  the  elevator  cylinder,  it  escapes  to  a  discharge 
tank  and  is  pumped  to  the  accumulator,  either  against  a  con- 
fined cushion  of  air  or  against  a  loaded  plunger,  or  to  an 
elevated  supply  tank.  The  accumulator  is  filled  automatically 
by  a  pump  controlled  by  a  governor.  The  water  is  used  over 
and  over. 


Pressure  on  Pump  Suction — Will  a  plunger  pump  work 
satisfactorily  if  It  receives  its  water  under  pressure,  as  from 
another  pump  placed  lower  to  help  the  first  take  water  from 
a    deep    well? 

P.    H.    W. 

For  a  plunger  pump  to  "work  satisfactorily,  when  there  is 
a  pressure  head  on  its  suction,  its  valves  must  have  strong 
enough  springs  to  close  them  against  the  pressure  during 
the  discharge  stroke,  and  even  then  there  may  be  some  slip- 
ping of  the  pump.  When  one  pump  delivers  to  another,  there 
should  be  some  kind  of  an  expansion  chamber  between  them, 
unless  both  opei'ate  at  exactly  the  same  rate  or  there  is  op- 
portunity for  the  initial  pump  to  f<lip,  as  a  centrifugal  pump 
would,  if  the  second  pump  failed  to  take  the  "water  fast 
enough.  If  the  first  pump  does  not  deliver  the  "VN'ater  fast 
enough,  the  second  pui"np  n"iust  slip.  The  best  means  of  equil- 
izing  is  to  have  the  first  pump  deliver  into  a  standpipe  to 
which   the   suction   of  the   second   pump   is   connected. 


Boiler  Heating  Surface — What  will  be  the  heating  surface 
of  a  Manning  boiler  74  in.  in  diameter,  with  284  two-and-one- 
half-inch  tubes  15  ft.  long  and  a  firebox  84  in.  in  diameter  by 
55  in.  high  from  the  top  of  the  grate   to  the  tube  sheets? 

F.    C.    C. 

Tube  heating  surface  is  usually  calculated  as  the  area 
corresponding  to  the  nominal  e-xterior  diameter.  The  circum- 
ference of  a  circle  of  2%  in.  diameter  being  7. 854  in.,  the 
total   heating   surface   in    the   tubes  is 

7.854 

X    15    X    284    =    2788.17   sq.ft. 

12 
The    firebox    flue    sheet    being   84    in.    in   diameter,    its   gross 
area  is 

84  X  84  X  0.7854 

—    38.48    sq.ft. 

144 
A   2%-in.    tube    has    a   cross-sectional   area    of    4.90S7    sq.in., 
and  the  area  to  be  deducted  for  the  tubes  is 


144 


X    2S4 


9.68  sq.ft. 


leaving   as    the    net   flu>    sheet    area 

3S  iS  —  9.68    =    28.8   sq.ft. 
The    diameter    of    the    furnace    being    84    in.,    its    circumfer- 
ence is 

84  X  3.1416 


12 


=    21.99  ft. 


The    height    of    the    furnace    being    55    In.,    the    area    of    the 
sides  of  the  firebox  (neglecting  the  fire-door  opening)   is 
55 
21.99    X    —  =   100.79  sq.ft. 
12 
The   total   heating  surface  in  the   firebox,   therefore,  is 

28.8    -I-    100.79    —    129.59    sq.ft., 
and  the  total  in  firebox  and  tubes. 

2788.17    X    129.59   =   2917.76  sq.ft. 
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Mexsuratiox — Part  IV 
The  Circle 

If  you  cut  out  a  carboard  disk,  1  in.  in  diameter,  mark 
a  point  on  the  edge,  and,  placing  this  poirJ,  do7/nward 
on  a  sheet  of  paper,  roll  the  disk  until  the  point  marked 
again  touches  the  paper,  you  will  find  that  the  distance 
passed  over,  or  the  circumference,  is  very  nearly  3^  in., 
or,  reduced  to  decimals,  3.1416  in.  This  number  is  not 
wholly  correct,  however,  as  it  would  never  come  out  even 
as  a  decimal.* 

■  Take  a  circle,  3  in.  in  diameter,  the  circumference  will 
be  9. -1248  in.     The  ratio  wall  be 


9.4-248  :  3 


9.4-248 


3.1416 


This  is  true  of  any  circle,  so  we  have  the  rules.  To 
iind  the  circumference  when  the  diameter  is  known : 

Rule:     Multiply  the  diameter  by  S.lJflS. 

To  find  the  diameter  when  the  circimiference  is  known  : 

Rule:     Divide  the  circumference  hy  S.IJ/IG. 

Example:     A   flywheel   8  ft.   in   diameter  makes   175 
T.p.m.    What  is  the  rim  velocity  in  feet  per  minute? 
3.1 116  X  8  X  175  =  4398.-24  ft.    Ans. 

Example:  The  drivers  of  a  locomotive  are  60  in.  in 
diameter.  If  they  made  3300  revolutions  in  traveling 
tight  miles,  what  was  the  distance  lost  due  to  slippage? 
■5280  ft.  equals  one  mile. 

5  ft.  X   3.1416   X   3-200  =  50,-265.6  ft. 
in  3-200  revolutions. 


50,265.6  —  (5280  x  8) 


1.5-2  wilex.    .\ns. 


Numerous  experiments  have  shown  that  each  square 
loot  of  bare  iron  pipe  surface  will  radiate  3  B.t.u.  per 
Lr.  for  each  degree  difFerence  between  the  temperatures 
of  the  pipe  and  the  air  surrounding  tlic  pipe. 

Example:  What  would  be  the  loss  in  B.t.u.  per  annum, 
in  the  following  lengths  and  sizes  of  pipes:  200  ft.  2  in.; 
<i6  ft.  6  in.;  162  ft.  4  in.;  20  ft.  12  in.?  Steam  at  150 
It),  gage  (366.5  deg.  F.)  is  in  these  pipes  24  hr.  per  day, 
500  days  per  year.  The  average  temperature  of  the  air 
is  80  deg.  F.  The  actual  external  diameters  of  the  pipes 
flfc  as  follows:  2  in.,  2.37  in.:  4  in.,  4.5  in.;  6  in.,  6.62 
ill. :  12  in.,  12.75  in. 

The  writer  gets  3.0(;(;. 97 1,040  F>.t.\i.  lor  an  answer.  Is 
tills  correct  ? 

.\ Fit: AS  Of  Ciini.i'S 

Let  us  see  how  tiic  rule  U<r  finding  the  area  of  a  circle 
is  established  : 

Let  Fig.  1  represent  a  circular  piece  of  cardboard,  the 
lower  lialf  .MiC  cnt  into  eight  equal  pieces  or  sectors,  and 
spread  out,  as  shown  at   Fig.  2.     It  is  obvious  that  the 

^me  otif  has  takfn  the  trouble  to  carry  It  out  to  127 
•plffps:  3.141.';n2fi535S979.'?2.'!S4fi26t.13S.'!279.5n2SS419il69399.'i,.51<5 
82n971»4  4.5923(1781  fi40B2862ns99S62SO3482.534  211  ror>79S21 48118651.)  J 
'7230fi647(l93S44r.  +  .  In  1873.  ,i  Mr.  Shanks  carried  It  out  to 
707  places. 


length  ABC,  Fig.  2,  equals  ABC,  Fig.  1,  or  half  the  cir- 
cumference of  the  cardboard  and  the  height  or  altitude 
of  the  sectors  will  equal  the  radius  of  the  circle.  If 
the  upper  half  of  the  circle  be  cut  into  eight  equal  sectors^ 
they  will  fit  into  the  spaces  formed  by  the  sectors  from 
the  lower  half,  and  we  will  have  a  nearly  perfect  rect- 
angle, the  area  of  which  would  be  the  same  as  that  of 
the  circle.  The  greater  the  number  of  sectors,  the  more 
perfect  would  be  the  rectangle  formed. 

As  the  length  of  the  rectangle  formed  will  equal  one- 
half  the  circumference,  and  the  width  will  equal  the 
radius  of  the  circle,  we  have  the  following  rule  for  find- 
ing the  area  of  a  circle. 

Rule:  Multiply  one-half  llic  circumference  by  the 
radius. 


Fig.   1 


Expressed  as  an  equation. 


Fig.  2 


3.1416  X  D 

Area  =  ^ X  /• 


D 


but,  since  the  diameter  is  twice  the  radius,  or -5-  =  /• 

Area   =   3.1416    r 

So  the  rule  might  also  be  given. 

Rule:     Square  the  radiu.s  and  multiply  by  o.lJ/lG. 
or 

Rule:     Square   the  diameter  and  multiply  by  0.7S'>Ji. 

The  figure  0.7854  is  obtained  by  dividing  3.1416  by  4. 
The   rea.soii   for  dividing  by  4   is  evident  from  the  la.st 

equation,  wiicrc    .,     must  hv  substituted  for  r  if  the  area 

is   to   lie   detcnnincd    froni    the   diameter    instead   of  the 
radium.      Making    the    snbstitntidn 

f/>\-     ;!.i-!n;  X  />■-' 

4 


.  ( rea 


'"'Cy 


n.7854Z)'2 


.\  griiplii<:il  e\|ilaniil  icn  may  be  given  base(l  on  the 
fact  that  the  line  wliieli  lioiinds  a  stjuare  is  to  the  line 
which  bnnnds  a  circle  of  the  same  diameter  as  the  .'iquarc, 
as  the  ai-ea  oi'  the  square  is  to  the  area  of  the  circle. 

Let  Fig.  3  repre.sent  a  square  1  sq.in.  in  area.  If  we 
draw  a  circle  that  will  just  fit  inside  the  edges  of  this 
stpiare,  as  in  Fig.  4,  the  diameter  will  be  1  in. 

We  know  tiie  length  of  the  line  which  bounds  the 
s(piare  is  4  in.,  and,  from  what  we  have  learned  of  3.1416, 
or  IT,  wo  know  that  the  line  which  bounds  the  circle  is 
3.1416  in. 
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Xow,  expressing  all  this  as  a  proportion  we  have 
4:1   =   3.1416:  A' 
or  the  area  of  the  circle. 

Dividing  the  product  of  the  means  to  find  the  other 
extreme  we  have 

1  X  3.1416       ^  _., 
=  0.7854  sq.m 

We  have  now  proved  that  the  constant  0.7854  repre- 
&ei>ts  the  area  in  square  inches  of  a  circle  1  in.  in  diam- 


FiG.  4 


eter.  If  the  area  of  the  circle  is  to  he  figured  in  square 
feet,  square  yards,  square  miles,  etc.,  this  constant  is  also 
used  liecause  the  relative  value  remains  the  same  no  mat- 
ter what  unit  of  measure  we  may  use. 

Rings 

The  ring.  Fig.  5,  is  really  a  cylinder  heut  into  a  cir- 
cular form,  so  the  volume  will  be  the  same  as  that  for 
a  cylinder  whose  altitude  is  equal  to  the  mean  circum- 
ference or  the  length  of  the  dotted  line  .4.  The  mean 
circumference  will  be  twice  the  distance  OA  multiplied 
by  3.1416  or  tt. 

If  the  radius  or  distance  OA  =  li,  and  the  radius  of 


Fig.  5 

the  cross-section  BA  —  r,  the  formula  for  the  volume  of 
the  ring  will  be 

V    =   TT   r-    X    2   TT  i? 

and  for  the  area  of  the  ring's  surface 

A   =  3iri?X2wr 
Fig.  6  shows  a  flat,  circular  ring  like  a  gasket. 
It  is  easy  to  see  that  to  find  the  area  of  one  face  we 
proceed  as  follows: 

Rule:     From  the  area  of  the  large  rirrJe  subtract  the 
area  of  the  small  circle. 

The   area   of  the  large  circle  will  be 

12=  X   0.7854  =  113.09  sq.in. 


The  area  of  the  small  circle  will  be 

G-   X   0.7854  =   28.27  sq.in. 
and  the  area  of  the  flat  ring  will  be 

113.09  —  28.27  =  84.82  sq.in. 
A  ring  of  rectangular  section  is  shown  in  Fig.  7.  The 
\olunie  of  such  a  ring  may  be  found  similarly  as  for  the 
( ircular  ring,  being  equal  to  the  volume  of  a  prism  whose 
altitude  equals  the  mean  circumference  of  the  ring.  This 
is  so  because  this  ring  is  really  a  prism  bent  into  a  circle. 
If  ,  " 

R  =  Outer  radius ; 
r  =  Inner  radius ; 
T  =  Breadth  of  face  ; 
we  have  the  followintr  formulas  for: 


Me/Ill  radius 


E  +  r 


Mean  circumference  =  ir  {R  -\-  r) 

Area  of  cross-section  =   (R  —  r)  T 

Volume  =    (R  —  r)   T  tt  {R  +  r) 

Superficial  area  or  area  of  all  four  sides  = 

TT  (R+  r)   X  2  \(R  —  r)  +  T] 

Another,  and  perhaps  the  commoner,  method  of  finding 

the  volume  or  area  of  a  square  ring,  is  to  find  the  area 

of  one  face,  as  was  done  for  the  gasket  or  flat  ring,  and 


Fig.  6 


Fig.  7 


multiply  by  the  thickness.     The  volume  would  then  be 
equal  to 

(tt  /r  —  TT  r-)   T 
and  the  total  or  superficial  area  to 

2   (tt  R-  —  TT  r-)   +  T  (2  -^  R)   +  T  {  2  TT  r) 
Example:     A  flywheel  rim  has  an  ourer  radius  of  144 
in.,  an  inner  radius  of  139  m.,  the  breadth  of  the  face 
is  20  in.     What  will  the  rim  weigh,  cast  iron  weighing 
0.26  lb.  per  cu.in.? 

We  see  that  the  formula  for  volume  must  be  used. 
Volume  =    (R  —  r)   T  n  (R  +  r) 
R=  144  in.; 
r=  139   in.; 
r  =  20  in. ; 
substituting  these  values,  we  have 
Volume  =   (144  —  139)  20  X  3.1416  X   (144  -{-  13!)) 

=  88,907.28  cu.in. 
The  weight  will  be 
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88,907.28   X   0.26   =   23,115.80   ]h.     Ans. 
Example:     What  will  be  the  area  of  all  four  sides  of 
this  flj'wheel  rim  ? 
The  formula  is 

Arcan  {R  +  r)  X  2  [{R  ^r)  +  T] 
substituting  the  known  dimensions  we  have 
Area  =  3.1416  (144  +  139)  X  3  [(144  —  139)  +  20] 
=  44,453.0  sq.iii. 
Check  for  correctness  the  formulas  used  in  the  last  two 
e.Kamples,  by  working  the  same  problems  with  the  other 
formulas  given. 

EXAIIPLES    FOlt   PkACTICE 

(1)  A  winding  engine  has  a  drum  8  ft.  in  diameter. 
In  what  time  will  the  engine  haul  a  cage  up  a  483.6-ft. 
shaft  if  the  drum  makes  20  r.jj.m.? 

(2)  How  many  square  inches  will  there  be  in  a  gasket 
for  the  flanges  of  a  6-in.  pipe,  area  occupied  by  the  bolts 
to  be  deducted?  (A  flange  for  a  6-in.  pipe  is  11  in.  diam- 
eter and  has  eight  Ys-in.  bolt-holes.) 

(3)  What  will  be  the  weight  of  a  cast-iron  pipe  12  ft. 
long,  2  ft.  in  outer  diameter  and  1  in.  thick;  cast  iron 
weighing  0.26  lb.  per  cu.in.? 

AxswERs  TO  L.vsT  Week's  Pkoblems 

(1)  (a)    237.945.6  gal. 
(b)    1   hr.  9  min.  4  see. 

(2)  476,367  cu.in. 

(a)  2062  gal. 

(b)  17,176.5  lb. 

Where  the  Sediment    Forms 

The  sediment  in  a  boiler  will  accumulate  in  the  i)or- 
tion  of  the  bottom  near  to  the  region  of  the  bridge-wall 
in  the  furnace;  and  if  you  have  no  such  thing  as  a 
bridge-wall  it  will  accumulate  where  the  fire  is  hottest. 
This  is  a  result  of  heat  movements  that  send  the  hot 
water  upward  from  highly  heated  spots  while  the  cooler 
water  surrounding  sweeps  in  below,  carrying  with  it 
sediment  that  builds  a  little  mound ;  this,  of  course,  if 
there  is  some  one  spot  that  is  materially  hotter  than  the 
rest  of  the  surface  exposed  to  the  fire. 

We  all  know  the  result;  that  the  sediment  forming  in 
a  heap  keeps  the  water  from  the  iron  at  this  very  spot 
till  the  heat  causes  the  iron  to  bulge  down  into  what  we 
calla  bag;  but  there  is  a  lesson  as  well  as  a  result.  In 
the  first  place,  the  fireman  should  strive  to  have  his  heat 
distributed  as  near  equally  over  the  bottom  of  the  boiler 
as  is  possible.  It  is  not  practical  to  get  it  so,  strictly 
speaking,  but  a  careful  man  can  so  manage  his  furnace 
and  fires  that  the  heat  will  be  so  well  distributed  that 
there  will  not  be  much  of  this  accumulating  of  .sediment 
in  one  spot,  and  then  he  can  keep  his  boilers  a  little 
cleaner;  and  that  will  help  some,  too. — Nalional  En- 
gineer. 


Safety  sugricrestlons  from  employees  are  Invited  by  the 
•afety  committee  of  the  Lehigh  Valley  Railroad.  The  em- 
ployee who  makes  a  sugeestion,  whether  or  not  It  Is  adopted. 
receives  a  report  as  to  what  wa.s  done  about  It.  with  the 
reaaons  therefor.  On  each  division  the  man  who  makes  the 
be»t  suggestion  in  the  year  toward  increased  safety  of  oper- 
ation is  given  an  "honor  button"  and  a  month's  vacation  with 
pay.  In  addition  annual  passes  will  be  granted  men  with 
clear  safety   records   for   a   year. 


OVER    THE     SPILLWAY 

JUST      JESTS,     J.\B.S.     JOSHES      .\  N  D     JUMBLES 


R.    O.    Richards    charges    us     with     "dangling."       Then     he 
dangles   this  dinged   dangle   before   us: 
"Editor   of  the  jays    (J.    J.    J.   J.)    column: 

"In  the  Feb.  18  issue,  I  note  that  you  dangle  before  the 
eyes  of  your  readers  two  ways  of  making  easy  (  ?)  money.  I 
thank  you.  In  return,  let  me  tip  you  to  a  far  easier  way. 
T'ncle  Sam  is  about  to  issue  a  new  five-cent  piece.  Collect 
1913  nickels;  they  are  worth  $95.65. 

"Framingham,    Mass.  R.   O.   R1CH.\RDS." 

R.  O..  your  initials  stand  for  "Ring  Off"!  You've  got  the 
wrong  number  if  you   think  we're  not  hep   that 

1913    X    0.05    =    95.65    (perfectly  good  dollars). 

It  almost  surpasses  belief  that  a  lumber-mill  engineer 
should  possess  one  million  real  green  dollars,  but  that's  what 
the  papers  say  of  James  Bennett,  of  Marshfield,  Ore.  Of 
course,  this  sum  does  not  represent  his  savings;  it  was  willed 
to  him.  They  also  say,  "James  does  not  wish  to  leave  his 
job,"  Stick,  Jimmy,  stick!  Buy  the  sawmill  and  you  will 
have  something  handy  when  you  start  cutting  coupons. 


"THE    CONDTTION.<5    IX    M.AS.'^.XOHITSETT,';" 


■TIIK    E.XAMINERS    E.XAMINELV 

Once  In  a  while,  someone  gets  even  with  the  dentist.  A 
lady  named  Peck  got  a  bushel  of  money  (.$384)  in  a  suit  (a 
"law"  suit)  from  Dr.  Stevens  because  he  pulled  the  second 
upper  left  bicuspid  when  he  should  have  pulled — some  other. 
Steve  Brodie  took  a  chance  and  so  did  the  other  Steve,  but 
there's  more  than  one  kind  of  bridge  work  and  more  than 
one  kind  of  Steve  gets  gotten.     Get  It? 


In  this  column,  on  Feb.  18,  we  asked  our  readers  to  "dig 
up  a  postcard  and  name  offhand  the  names  of  ten  men  fa- 
mous in  the  history  of  steam  engineering.  Prof.  William 
Kent  promptly   responds   with   this   list. 

Savery — First    practical    pumping    engine. 

Newcomen — Cylinder    and    piston    reciprocating    engine. 

Watt — .Separate    condenser,    rotative    engine,    governor, 

Oliver  Evans — High-pressure,   non-condensing  engine, 

Fulton — Application    of   Watt's    engine    to    steamboat. 

Stephenson — Improvements    In    locomotive. 

Sickels— Drop   cutoff. 

Corliss — Attaching   drop   cutoff   to   governor. 

Porter^ — High-speed    engine. 

De    I.aval  —  First    commirrlal    stiam    turbine. 

Prof    Kent   adds  Parsons  and   .Stnnipf,    for  good   measure. 
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Oil  as  a  Fuel 


1>Y  Reginald  Ti!ai'tschold 


SYNOPSIS — Discussion  of  the  use  of  oil  as  a  fuel  for 
generaling  steam.  Emphasizes  its  advantages  over  coal 
■in  greater  convenience  and  cleanliness  and  less  labor  of 
handling,  and  even  claims  equal  or  better  economy  in 
many  sections  not  at  present  regarded  as  favorably  lo- 
cated to  bnn:  oil. 

About  half  a  billion  tons  of  coal  is  now  mined  in  tho 
United  States  per  year,  including  bituminous  and  an- 
thracite coals  of  all  grades.  Of  this  amount  probably  two- 
fifths  is  used  to  generate  steam  for  use  in  stationary  en- 
gines. At  the  same  time,  the  yearly  production  of  crude 
oil  is  close  to  three  hundred  million  gallons,  of  which  a 
considerable  part  is  being  used  to  develop  power  in  three 
wavs:  By  using  the  crude  oil  itself  in  internal-combus- 
tion engines  of  the  Diesel  type;  through  the  explosive  use 
of  certain  byi^roducts,  as  in  gas  and  gasoline  engines ;  and 
as  fuel  for  generating  steam  for  use  in  steam  motors.  The 
last  of  these  three  will  be  discussed  in  this  article. 

This  use  of  oil  as  fuel  does  not  appear  to  be  as  uni- 
versal as  it  might  be,  probably  due  to  lack  of  general 
knowledge  of  the  efScieuey  that  can  be  expected  when 
s,uch  fuel  is  carefully  and  scientifically  used  and  to  the 
fact  that  fuel  oil  is  not  obtainable  at  a  reasonable  price 
at  all  times.  The  first  of  these  drawbacks  should  be  easily 
surmountable  and  it  will  be  the  object  of  this  article  to 
present  some  general  information  and  facts  pertaining 
to  the  question.  The  second  drawback  is  more  difficult 
to  overcome  but,  as  it  can  be  controlled  to  a  certain  ex- 
tent, should  not  bear  sufficient  weight  to  unreasonably  re- 
tard the  more  extensive  use  of  this  exceedingly  convenient 
and  usually  economical  fuel. 

Substituting  fuel  oil  for  coal  in  the  production  of 
steam,  evades  many  of  the  drawbacks  of  adopting  other 
means  of  generating  power  in  the  ordinary  existing  steam 
plant.  No  unheaval  in  the  engine  room,  accompanying 
discard  of  valuable  equipment,  addition  of  new  engines, 
etc.,  nor, radical  changes  in  the  engine-room  force  and 
management  are  necessary.  This  does  not  mean  that  the 
field  lost  to  the  gas  engine,  where  natural  gas  or  gases 
from  oil  refineries  are  procurable,  can  be  regained  by 
iTsing  oil  as  a  fuel,  nor  that  the  surprising  economy  of 
certain  internal-combustion  engines  of  the  Diesel  type  can 
be  equaled  by  any  possible  gain  in  economy  in  steam  gen- 
eration, due  to  using  oil  fuel.  It  does  mean,  however, 
that  oil  fuel  must  now  be  considered  as  a  serious  com- 
petitor of  coal  in  many  localities  where  the  power  plant 
depends  for  its  operation  upon  steam.  * 

Before  considering  the  requirements  for  an  economical 
oil-buruing  system  it  will  be  well  to  clearly  understand 

What  Constitutes  a  Good  Fuel  Oil 

or  what  its  specifications  should  be.  This  will  anticipate 
the  common  criticism  that  fuel  oil  is  an  unsafe  fuel,  sub- 
ject to  accidental  ignition,  etc.  Fuel  oil  is  frequently  re- 
ferred to  as  crude  oil  and  possibly  this  is  the  reason  for 
the  erroneous  idea  of  its  danger,  for  crude  oil  is  a  fuel 
oil  only  when  its  flashing  point  is  high  and  the  oil  com- 
paratively free  from  gasoline  and  naphtha.  Crude  oil  it- 
self is  a  mixture  of  a  number  of  hydrocarbons  which  may 


be  separated  through  the  agency  of  heat  and  in  a  crude  oil 
with  low  flashing  point  the  first  distillate  gases  given  oil 
in  refining  are  very  explosive  so  that  such  an  oil  cannot 
be  safely  used  as  a  fuel  oil. 

Gasoline  is  driven  off  at  a  temperature  of  from  140  to 
160  deg.  F.,'  during  the  distillation  of  crude  oil,  and  at 
a  temperature  of  200  deg.  F.  the  lighter  benzines  or 
naphthas  have  been  separated  from  the  crude.  The  resi- 
due, should  distillation  be  stopped  at  this  point,  would  be 
an  oil  that  could  be  handled  as  safely  as  coal,  but  the 
specifications  for  fuel  oil  generally  call  for  a  fire  test  of  350 
to  300  deg.  F.,  such  oil  contains  little  naphtha  and  can- 
not ignite  accidentally  if  ordinary  precautions  are  taken. 
A  shovelful  of  red-hot  ashes  can  be  thrown  into  a.  tank 
of  such  fuel  oil  without  danger,  or  a  red-hot  poker  may 
be  used  to  stir  it  witlumt  IV'av  of  an  explosion  or  igni- 
tion. 

Following  ill  the  order  in  wliich  the  various  oils  are 
distilled  from  eruile  comes  kerosene,  which  constitutes 
about  one-half  the  mi.xture.  This  is  also  a  good  oil  for 
fuel  but  is  naturally  considerably  more  expensive  than 
fuel  oil  and  cannot  be,  therefore,  considered  as  a  prac- 
tical substitute  for  coal  for  any  but  very  small  engine^. 
The  present  discussion  will  be  limited,  therefore,  to  a 
brief  description  of  the  equipment  and  requirements  for 
a  fuel-oil  system. 

E(ii'ii'.Mi:xT  Foi;  Oil  HuitxixG 

Between  a  steam  plant  operated  on  coal  and  one  on  oil 
fuel,  the  only  difference  lies  in  the  boiler  rooms;  the  en- 
gine rooms  are  identical.  The  alterations  or  additions  in 
the  boiler  room  are  neither  radical  nor  complicated  so 
that  a  plant  operating  on  coal  can  easily,  quickly  and 
inexpensively  be  converted  into  an  oil-burning  plant  by 
adding  a  few  comparatively  simple  mechanisms  and 
equipment.  All  that  is  required  is  the  installation  of  oil 
burners  in  the  furnace  doors;  proper  protection  of  the 
grates  and  all  exposed  metal  parts  of  the  firebox  with  fire- 
brick; a  reservoir  or  storage  tank  for  confining  the  oil; 
apparatus  for  pumping  the  oil  to  the  burners,  with  means 
of  regulating  the  pressure  at  which  the  oil  is  delivered 
and  facilities  for  preheating  the  oil  before  delivery;  a 
steam  connection  between  the  boiler  and  oil  burner  for 
vaporizing  the  oil ;  and  the  piping  that  may  be  necessary 
for  connecting  up  the  system. 

Without  going  into  an  extended  analysis  of  the  thermal 
value  of  fuel  oil  or  of  ways  of  firing  such  fuel,  it  may  lie 
stated  that  one  gallon  of  good  fuel  oil  per  hour  will  fur- 
nish sufficient  heat  to  develop  from  21^  to  3  hp.  Oil 
burners,  proportioned  to  so  regulate  the  consumption  of 
oil,  are  procurable  m  a  compact  form  with  connections 
for  the  supply  of  oil  under  suitable  pressure  and  for  the 
supply  of  steam  to  vaporize  the  oil  as  delivered  from  the 
burner.  Simple  hand  valves,  forming  part  of  the  mech- 
anism of  the  burners,  regulate  the  supply  of  both  steam 
and  oil,  the  first  of  which  should  be  delivered  under  con-, 
stant  pressure  for  hand  regulation  of  the  furnace  and  at 
variable  pressure  if  mechanical  regulation  is  used. 

To  facilitate  atomizing  the  oil  and  to  maintain  the 
constancy  of  its  supply  under  given  pressure,  it  should 
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be  preheated  to  reduce  its  viscosity  and  thus  the  pressure 
required  to  assure  proper  delivery.  The  steam  required 
for  vaporizing  is  obtained  directly  from  the  boiler,  wlien 
in  o])eration,  and  its  pressure  should  be  reduced  to  an 
equivalent  of  from  Si/o  to  ■iy2  times  that  at  which  the  oil 
is  supplied  to  the  burners.  The  apparatus  for  preheating 
the  oil,  subjecting  it  to  pres.sure,  etc.,  is  usually  in  the 
form  of  one  compact  unit;  has  considerable  capacity;  is 
comparatively  inexpensive  and  is  all  the  mechanism  that 
is  required  to  complete  the  system.  The  oil-storage  tanii 
preferably  of  a  caj^aeity  sufficient  to  take  care  of  the  oil 
equirements  for  a  considerable  period,  if  the  price  of 
ful  oil  fluctuates  to  any  considerable  extent  or  if  oil  is  not 
ahvavs  readily  oljtainsible  in  the  locality  of  the  power 
house,  is  also  comparatively  inexpensive  and  should  be 
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I.    Effect  of  Air  Supply  on  Efficiency  of 

;i!    AXD    COXSIMPTIOX    OF    OiL OlL-FII!ED   BOILERS 


installed  imderground,  with  proper  vents,  etc.,  so  as  to 
minimize  the  insurance  burden.  The  piping  connecting 
up  the  various  parts  of  the  .system  should  also  be  in- 
stalled underground  when  possible  and  made  as  sim- 
ple as  the  in.stallatioii  will  allow. 

Thk  Eki'1cii:n(  V  of  iiii;  SY>ii;.M 

iepends,  to  a  great  cxtcnl.  u])on  tbc  sup])ly  of  air  for 
jombustion.  This  is  important  no  matter  what  kind  of 
fuel  is  burned.  Init  is  especially  so  with  oil  fuel,  as  ui)on 
it  largely  depends  the  economic  value  of  the  installation. 
The  boiler  efliciency  of  the  a'erage  plant  burning  coal  is 
much  more  frequently  around  40  or  oO  per  cent,  than  fio 
jr  70  per  cent.,  and  only  the  exceptionally  efficient  in- 
stallation will  show  over  70  ];er  cent.  With  oil,  this  boiler 
jfficiency  can  be  greatly  increased,  owing  to  the  ])os- 
libility  of  concentrating  the  heat  and  the  decreased  loss 
iue  to  radiation.  A  boiler  radiation  los.s  of  but  3  per 
«nt.  or  better  can  be  obtained,  in  an  oil-fired  boiler,  by 
Jroper  conservation  of  heat  in  the  fire  chamber  by  cover- 
ing all  metal  parts,  not  in  direct  contact  with  the  water, 
Kith  good  quality  firebrick  and  controlling  the  supply  of 
lir  in  the  cf)mbiistion  chamber. 
A  given  supply  of  oil  requires  a  specific  volume  of  air 


for  complete  combustion  (theoretical  air  supply)  but 
practically  the  best  efficiency  is  obtained  with  an  excess 
air  supply  of  about  10  per  cent.  With  this  excess  a  boiler 
efficiency  of  about  85  per  cent,  may  be  realized  in  an  oil- 
fired  boiler  with  properly  proportioned  firebox  carefully 
jH'otected  with  good  quality  of  firebrick  and  the  flame  of 
the  burner  directed  against  a  correctly  located  wall  of 
firebrick  and  so  as  not  to  touch  the  metal  of  the  boiler. 
An  air  supply  of  10  per  cent,  over  the  theoretical  require- 
ment, however,  is  a  relatively  small  volume  and  several 
fold  this  amount  may  easily  be  admitted  unless  the  dis- 
advantage is  fully  realized  by  the  operator  or  furnace 
man,  and  constant  care  taken  in  regulation.  An  excess 
air  supply  of  only  300  per  cent,  will  reduce  the  boiler 
efficiency  to  under  65  per  cent.,  or  about  that  which  would 
ordinarily  be  obtainable  with  coal  as  fuel,  and  would  ne- 
cessitate burning  nearly  30  per  cent,  more  oil  to  main- 
tain the  requisite  boiler  pressure — see  Chart  I.  Here  evi- 
dently lies  the  key  to  the  economy  of  the  oil-burning  sys- 
tem, for  one  properly  in.stalled  and  operated  will  de- 
velop the  same  power  from  a  boiler  capacity  of  60  to  80 
per  cent,  of  that  required  when  burning  coal. 

Efficient  Oil  Burning 

is  indicated  by  the  appearance  of  the  combustion  chamber 
and  the  condition  of  the  exhaust  passing  to  the  smoke- 
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stack.  The  combustion  chamiicr  sIkhiIiI  sIkiw  a  clear  white 
incandescence,  with  oidy  a  slight  apparent  flame,  and  no 
smoke  or  unl)urned  gases  should  i)ass  to  the  smoke-stack. 
Such  conditions  can  oidy  1)6  recognized  through  practice, 
but,  when  the  eorrect  appearance  is  known  to  the  furnace 
man,  they  can  be  (piilc  easily  niaintaiiu'd. 

The  economy  in  oil  consumption  is  then  dejiemlent  up- 
on the  minimum  .sui)ply  of  oil  requisite  to  maintain  the 
desired  prosstire  oti  tlie  boiler.  This,  in  an  installation 
wbiTc   till'   Iliad   is  fairly  toustanl.  can   be  controlled  by 
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hand  bj'  an  experienced  man.  and  then  the  supply  of  oil 
is  regulated  imder  constant  pressure  and  the  air  supply 
by  hand-operated  dampers.  Where  the  load  fluctuates  con- 
siderably, hand  regulation  is  difficult  and  mechanical  eou- 
irol  should  be  installed.  In  a  mechanically  controlled  sys- 
tem the  oil  outlet  in  the  burner  is  maintained  constant 
and  the  supply  of  oil  regulated  by  the  delivery  pressure. 
This  variation  in  oil  pressure,  which  is  directly  dependent 
upon  the  fluctuations  in  the  load,  is  made  use  of  to  regu- 
late the  admission  of  air  to  the  combustion  chamber,  an 

TABLE  I.     AVERAGE  FIXED  CHARGES  OF  THE  POWER  HOUSE 

Based  on  Plant  of  500  Hp. 

Oil  Burning  Plant 


Building,  etc ._ 

Engines,  accessories,  piping,  etc  - 
Foundations,  installation,  etc . , 


Depreciation 5%  total  c< 

Repairs 2% 

Interest 6% 

Insurance 1% 

Taxes 2%  i  cost 

Boiler  room: — 

Building  foundations,  etc .  - 
Chimneys,  flues,  etc.  .... 

Boilers,  etc 

Oil  burning  systems  (compli 


Depreciation 5%  total  cost 

Repairs 2% 

Interest 6% 

Insurance .  -  -  -    -     .  2% 
Taxes 2%  }  cost 


SKI 
.■)0 

S4.'j  per  horsepowe 

horsepower    per    year. 


3  00 
$22  per 


^  Total,  per  horsepower  per 


Item  B— 3.63 


Cost  of  operation: — 
Engine  room. 

Attendance .  .  .  $1 ,  SO  per  horsepowe 

Supplies 0.80 

2.60 
Boiler  room; 

Attendance 

Supplies . . 

$1.57 

Total  fixed  charges,  per  horsepower  per  year 

Coal  Burning  Plant 
Engine  room: — 

Boiler  room; — 

Building,  foundations,  etc 
Chimneys,  flues,  etc ... 
Boilers,  feed  pumps,  etc 


S25  per  horsepow 
:  Total,  per  horsepower  per  year. 


Depreciation 5%  total  cost 

Repairs 2% 

Interest 6% 

Insurance 1% 

Taxes 2%  J  cost  J  Item  B — 3.87 

Cost  of  operation: — 
Engine  room: 

Item  C— 2.60 
Boiler  room; 

Attendance SI  90  per  horsepower  per  year 

Supplies 0.90 

$2  80  Item  D— 2  80 

Total  fixed  charges,  per  horsepower  per  year  $16.47 

increase  in  load  producing  an  increase  in  oil  pressure  and 
a  corresponding  enlargement  of  the  air-admission  passage 
and  vice  verm. 

The  mechanical  operations  of  such  regulators  differ,  but 
usually  the  apparatus  consists  of  a  system  of  levers  op- 
erating the  damper  rocker  shaft  and  controlled  by  a  dia- 
phragm actuated  by  pressure  in  the  oil  connection  to  the 
burner.  Using  the  variation  in  oil  pressure  to  regulate 
the  air  supply  gives  a  sensitive  and  reliable  control  that 
when  once  adjusted  for  the  range  of  a  particular  installa- 
tion will  insure  efficient  and  economical  oil  consumption. 

An  efficient  oil-burning  system  for  boilers  compares 
favorably  with  the  ordinary  coal  burning  from  an  eco- 
nomic standpoint  as  is  indicated  in  Chart  II.  This  chart 
IS  plotted  from  Tables  I,  II  and  III,  which  were  compiled 
from  various  data  pertaining  to  .«team  plants  of  about 


.■)(!( i-h]i.  capacity  and  are  sufficieiitly  accurate  to  permit  a 
comprehensive  comparison  between  plants  of  that  size  op- 
erating on  oil  and  on  coal. 

Chart  II  also  afi'ords  means  for  forming  a  conservative 
opinion  as  to  the  relative  economies  of  any  size  plant  op- 
erating on  the  two  fuels  with  the  respective  fuels  at  vari- 
ous prices,  for  the  relation  existing  between  the  cost  of 
fuel  and  the  average  cost  of  power  is  practically  constant 
in  any  ordinary  size  of  power  plant  under  efficient  man- 
agement, since' in  larger  plants  the  fixed  charge  per  unit 


TABLE    II 

AVERAGE 

COST 

OF  FUEL   FOR   THE   POWER  HOl'.SE 

B 

used    on 

Plant 

f   500   Hp 

Fuel 

Oil 

Coal 

Per  gal. 

Per 

hp.  per  y 

ear 

Per  ton 

Per  hp.  per  year 

$0.01 

$9.00 

SI,  00 

$7  20 

0  015 

13.50 

1   50 

10  80 

0.02 

18.00 

2.00 

14.40 

0.025 

22.50 

2.50 

18.00 

0  03 

27.00 

3  00 

21.60 

0  035 

31.50 

3.50 

25.20 

0 ,  04 

36.00 

4.00 

28.80 

0  045 

40.50 

4   ,50 

32.40 

0  05 

45 ,  00 

5  00 

36.00 

0  055 

49  50 

5  50 

39.60 

0  06 

,54  00 

t)  00 

43.20 

TABLE 

III 

AVERAGE 

COST 

OF  .STEAM 

POWER 

Based  on 

Plant  of  500  Hp, 

Oil  B 

jrning  PI 

ant 

CoalB 

urning  Plant 

Cost   of   Oil 

St 

earn  Pow 

r 

Cost  of  Coal 

Steam  Power 

per  gal. 

per 

hp.  per  > 

ear 

per  ton 

per  hp.  pel  year 

$0  01 

$24  00 

$1.00 

$23.67 

0  015 

28  50 

1.50 

27,27 

0  02 

33.00 

2  00 

30.87 

0  025 

37.50 

2.50 

34.47 

0  03 

42  00 

3.00 

38.07 

0,035 

46.50 

3  50 

41.67 

0.04 

51   00 

4.00 

45  27 

0,045 

55.50 

4.50 

48.87 

0  05 

60  00 

5.00 

52.47 

0 ,  055 

64,50 

5.50 

56  07 

0.06 

69,00 

6.00 

59.67 

of  power  is  reduced  ami  the  consumption  of  steam  is  rela- 
tively less  while  in  smaller  plants  the  reverse  is  true. 

Advantages  of  Oil  Fuel  over  Coal 

Oil  is  more  easily  and  cheaply  handled  than  coal,  can  be 
.stored  at  less  expense  and  when  stored  does  not  deteriorate, 
minimizes  standby  losses,  and  is  more  convenient  and 
cleanly.  Of  even  greater  economic  importance  are  de- 
crease of  loss  of  heat  generated  in  the  furnace,  due  to 
concentration  and  more  even  distribution  of  heat,  and 
diminished  radiation  losses;  the  fact  that  the  boiler  and 
its  tubes  are  kept  free  from  nonconducting  deposits,  such 
as  are  i^recipitated  from  the  gases  in  coal  burning;  the 
conservation  of  heat  lost  when  burning  coal  because  of  the 
necessity  of  opening  the  furnace  door  to  fire ;  the  ease  with 
which  the  intensity  of  the  fire  may  be  regulated;  and  the 
rapidity  with  which  steam  may  be  raised.  Still  other 
benefits  are  the  saving  in  labor  and  the  absence  of  expense 
entailed  in  handling  and  disposing  of  ashes.  These  ad- 
vantages are  represented  in  the  increase  of  20  to  40  ])cr 
cent,  in  the  steaming  capacity  of  the  boiler  fired  on  oil, 
to  which  reference  has  already  been  made. 

The  possible  economy  in  fuel  consumption  from  the 
use  of  fuel  oil  and  the  numerous  benefits  accruing  from 
its  u.se  would  doubtless  bring  about  its  rapid  introduction 
but  for  the 

Unreliability  of  Supply  at  Cox.stant  Price 

This  condition  does  not  exist  in  sections  of  the  country 
near  oil  wells  and  there  the  use  of  oil  has  already  become 
general.  In  many  other  parts  of  the  country  the  average 
price  of  fuel  oil  compares  favorably  with  that  of  coal,  but 
the  fluctuations  in  the  price  of  oil  are  great.  Even  here 
a  judicious  purchase  of  oil  when  cheap  and  maintaining 
a  comfortable  reserve  for  use  during  iieriods  of  elevated 
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prices  will  enable  relying  on  oil  for  fuel  without  paying 
an  exhorbitant  price  for  it,  for  at  some  time  during  each 
year  oil  is  usually  procurable,  at  a  favorable  price  for 
economic  power  development. 

One  influence  at  work  tending  toward  a  more  uniform 
price  for  fuel  oil  is  the  steadily  increasing  demand  for 


gasdline  brought  about  by  the  automobile.  An  excellent 
fuel  oil  is  left  as  a  residue  after  distilling  gasoline  from 
crude  oil  and  a  constant  demand  at  a  imiform  price  for 
gasoline  will  mean  a  constant  and  low  price  for  fuel  oil 
unless  the  demand  for  other  heavy  byproducts  of  crude  oi' 
should  unexpectedly  increase. 


Signification  of  Torque 


By  Fijaxklin  Tax  Wixkle 


>yXOPSIS — Terms  expressive  of  rotary  power  iikii/  at 
first  be  misty  to  engineers  whose  experience  has  been 
confined  to  reciprocatint/  engines.  Ambiguity  in  use  of 
the  term  torque  has  led  most  Continental  authors  to  dis- 
card the  word  from  their  wiitings.  The  article  describes 
the  method  of  measuring  the  torcjiie  of  a  motor  and  de- 
fines the  relation  of  torque  to  horsepower  and  kilowatt. 

Many  engineers  upon  first  acquaintance  with  electrical 
machinery  reserve  their  confidence  in  ordinary  switch- 
iioard  indicators  as  means  for  determining  power  output. 
It  requires,  however,  only  short  practical  experience  in 
care  of  electrical  generators  and  motors  to  convince  the 
most  skeptical  that  the  voltmeter,  ammeter  and  watt- 
meter are  as  faithful  monitors  of  power  product  as  the 
steam-engine  indicator  is  of  the  performance  of  the  re- 
ciprocating engine. 

"Kilowatt"  soon  becomes  as  familiar  an  expression  for 
amount  of  power  as  "horsepower."  But  after  long  prac- 
tice in  computing  power  developed  by  the  piston  of 
a  reciprocating  engine,  one  is  apt  to  hold  in  mind,  as  a 


fundamental  concept,  that  ]>owcr  consists  of  work  per- 
formed in  a  straight  line,  and  engineers  who  have  been 
reared  in  the  gospel  of  the  old  school  of  .steam  engineer- 
ing are  prone  to  consider  that  tlie  electric-motor  and 
steam-turbine  practice  liave  brought  into  the  power  field 
methods  of  computing  j)owcr  tliat  are  not  entirely  recon- 
cilable with  the  older  methods  of  conijjutation.  It  is 
erroneous  to  assume,  however,  that  the  era  of  rotary 
iriotors  has  brought  with  it  any  actual  innovations  in 
dynamical  comjjutations,  for  it  is  rather  from  motives  of 
greater  convenience  than  novelty  that  the  terms  ex])ressive 
of  energy  of  rotary  jjower  are  introduced.  For  most  part 
they  are  only  modifications  of  expressions  which  are  quite 
as  ancient  to  the  mathematician  and  ])hysicist  as  the 
lime-honored  P-L-A-N  formula  is  to  the  steam  engineer; 
anyone  ver.sed  in  tlie  old  power  nomenclature  who  will 
give  a  little  attention  to  the  subject  of  motors,  soon  finds 
himself  using  terms  and  formulas  for  estimating  rotary 
power  with  as  nuicli  facility  as  he  ever  had  employed 
data  obtained  with  the  steam-engine  indicator. 

Probably  no  term  used   in  conneciioii  with  generators 


and  motors  has  given  rise  to  more  confusion  m  the  mmds 
of  operating  engineers  than  "torque,"  and  this  is  prob- 
ably because  the  word  is  used  with  two  analogous  though 
different  meanings,  viz.,  one  signifying  the  mechanical 
rotary  or  turning  force  which  acts  on  the  armature  of  an 
electric  generator  or  motor  causing  it  to  rotate,  or  in 
general,  the  forces  employed  in  rotating  the  armature ; 
and  another  which  signifies  the  summation  of  the  mo- 
ments or  leverages  of  the  turning  forces  applied  to  an  elec- 
tric generator  or  other  machine  which  turn  it  or  cause 
its  rotation. 

The  term  torque  is,  therefore,  used  to  stand  for  both 
(a)  a  mechanical  "force"  or  "pull"  at  the  periphery  of 
the  armature,  such  as  is  known  in  mechanics  as  "tan- 
gential effort";  and  (b)  the  moment  or  leverage  of  the 
tangential  effort,  i.e.,  the  tangential  effort  multiplied  by 
its  radius  of  action.  This  ambiguity  has  caused  most 
Continental  writers  to  discard  the  word  "torque"  alto- 
gether. But  with  us  the  word  is  so  generally  used  in 
both  senses  that  the  American  engineer  nnist  differentiate 
the  significance  of  the  term  as  he  may  chance  to  meet  it. 

In  referring  to  details  of  construction  of  generators  or 
motors,  one  may  have  occasion  to  use  the  word  in  its 
narrower  sense  of  "tangential  effort,"  but  as  a  power- 
plant  engineer  he  is  concerned  with  the  broader  sense 
of  the  term,  viz.,  as  a  moment  of  tangential  effort.  Em- 
ployed in  the  latter  sense,  the  torque  of  a  generator  or 
motor  usually  signifies  equivalent  pounds  of  pull  at  the 
end  of  a  radius  or  arm  1  ft.  long. 

Most  operating  engineers  know  the  meaning  of  brake 
power  and  if  they  will  trace  out  the  relations  which  these 
definitions  bear  to  brake  power,  the  term  torque  will  be 
regarded  as  a  novelty  only  in  name. 

Suppose,  as  indicated  in  Fig.  1,  a  motor  has  a  driving 
pulley  which  rotates  in  the  direction  of  tiie  arrow  a.  A 
clamp  brake  CJjM.  suitable  for  resisting  rotation  of  the 


Fro.  -i. 

driving  |iullcy.  alhirds  means  for  dclcrniining  torque  and 
for  testing  the  |)owcr  developed  by  (lie  motor  when  it  takes 
a  given  current,  if  account  is  taken  of  (  I  )  the  horizontal 
distance,  R  (as  1  ft.)  from  the  center  of  tlic  driving  pulley 
to  the  point  M.  where  the  brake  arm  is  sup])orted  on  a 
platform  scale,  (2)  the  force  F  (as  100  lb.  pressure)  with 
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vhieli  the  action  of  the  motor  presses  the  brake  arm  down 
on  the  scale,  in  addition  to  that  weight  of  the  brake  beam 
which  is  supported  on  the  scale,  and  (3)  the  number  of 
revolutions  X  (as  500  per  minute)  made  by  tlie  motor 
in  a  stated  time. 

If  now  the  brake  beam  is  reversed  and  when  freelv 


Fig.  3. 

supported  with  the  motor  at  rest  as  shown  in  Fig.  2  the 
pressure  due  to  the  brake  beam  alone  is  observed,  and 
weights  r  are  added  to  the  arm,  as  shown.  Fig.  3,  so  as 
to  make  the  total  weight  the  same  as  the  downward  pres- 
sure which  was  created  on  the  scale  in  addition  to  the 
dead  weight  of  the  brake  arm  when  the  motoi'  was  driven 
as  shown  in  Fig.  1,  then  the  brake  would  be  suitably 
loaded  for  creating  the  same  resistance  as  the  resistance 
overcome  in  Fig.  1.  Then  if  the  motor  were  supplied  with 
the  same  current  as  before,  the  clamp  of  the  brake  could 
be  tightened  so  as  to  Just  hold  the  brake  arm  poised  as 
shown  in  Fig.  3. 

In  either  case  it  is  to  be  recognized  t^..  l  ^he  iov~"y  ef- 
fort exerted  by  the  motor  would  b  pi-eciser,  the  same  as 
aiough  the  motor  pulley  consi  '(.'.  of  a  drum,  as  shown 
in  Fig.  4,  having  a  radius  P  .  vJudl  to  the  effective  length 
R  of  brake  arm  as  in  Figs.  '.,  z  and  3,  and  the  effort  would 
be  the  same  as  if  the  motor  were  actually  employed  in 


Fig 


raising  a  weight  F  of  100  lb.  through  a  cord  or  cable  sus- 
pended over  the  periphery  of  the  drum. 

If  the  distance  R  is  4  ft.  then  for  each  revolution  of 
the  drum  the  weight  would  be  raised  through  a  height 
equal  to  the  circumference  of  the  drum,  i.e..  the  distance 
would  be  27r  X  -5  or 

(2  X  3.1416)    X  4  ft.  =  2.5. 1328  ft. 
and  if  the  weight  amounted  to  100  lb.,  then  the  motor 
would  develop. 

2,r  X  (i?  X  IT')  =  2  X  3.1416  X   (4  X  100)  = 
2513.28  ft.-lh. 
for  one  revolution. 

The  quantity  R  y,  F  is  called  the  moment  of  rotation 
and  to  raise  the  weight,  as  in  Fig.  4,  or  overcome  an 
equivalent  brake  resistance,  as  illustrated  in  Figs.  1  and 
3,  it  is  evident  that  an  equal  and  opposite  moment  must 


be  exerted  tangentially  by  the  motor  in  the  direction  of 
the  arrow  a,  Figs.  1  and  3.  The  pull  thus  required  will 
depend  on  its  distance  of  action  from  the  center  of  the 
motor  shaft,  for  the  tangential  force  multiplied  l)y  its 
distance  would  have  to  equal  H  X  •^• 

It  is  evident  that  in  considering  the  power  of  a  motor, 
the  term  torque  should  be  used  only  as  meaning  the  prod- 
uct (if  R  X  F,  as  far  as  concerns  exertion  of  turning 
clfort,  it  is  inexplicit  to  use  the  term  to  signify  pull  at 
the  periphery  of  the  armature  unless  the  radius  of  the 
armature  is  distinctly  understood. 

In  any  case  the  same  turning  effort  would  require  R  X 
F  to  have  the  same  value  and  to  avoid  ambiguity,  torque 
should  be  restricted  to  mean  Inniiiii/  monifiit. 

If  the  armature  has  a  radius  of  A'  ft.  and  a  ])ull  at  the 
periphery  nf  /'■   pounds  in  anv  case 
277  X   (^^  X  F): 
then   if  we  know  the  pull   at   the  circumference  of  the 
armature  and  the  radius  of  the  armature  the  torque  will 
be  the  product  of  these  two  factors. 

In  each  of  the  cases  illustrated  by  Figs.  1.  3  and  4 
it  is  to  be  seen  that  the  energv  exerted  per  revolution  was 

_  2,r  (A'  X  F); 
i.e.,  the  number  of  foot-pounds  exerted  per  revolution 
would  be  2n  X  the  torque,  and  consequently  'Ztt  X  torque 
X  r.p.m.  =  ft. -lb.  per  min. ;  or,  taking  the  figures  quoted, 
v.ith  500  r.p.m.  the  number  of  foot-pounds  developed  per 
minute  would  be 

(2  X  3.1416)  X  (4  X  100)  X  500  =  1,256,640 //.-/ft. 
Dividing  this  amount  by  33,000  we  obtain  38.08  hp. ;  or 
dividing  liy  44.24  we  obtain  28,405  watts,  or  28.4  kw. 

From  the  above  it  appears  that  when  torque  is  regarded 
as  the  moment  of  rotation,  then 


and 


2  -  X  torque  x  r.p.m. 
33,000 

2  -  X  torque  x  r.p.m. 
44,240 


horsepower 


=  kilo  watt n 


To  Encourage    Cleanliness   in  Plants 

A  good  way,  if  not  the  best  way,  to  encourage  cleauli- 
uess  of  machines  and  of  the  factory  in  and  about  the 
machines,  is  to  keep  conveniently  at  hand  the  implements 
necessary  to  secure  cleanliness — brooms,  brushes,  cotton 
waste,  etc.  In  some  plants  the  sweeping  is  given  over 
to  some  one  man  on  each  floor,  and  where  this  is  done 
it  may  not  be  advisable  to  provide  a  broom  convenient 
to  every  machine  man.  But  one  thing  that  should  al- 
ways be  liandy  and  within  reach  is  cotton  waste,  some- 
thing to  clean  the  oil  and  dirt  off  of  parts  of  machinery. 
This  should  be  kept  where  it  is  easily  accessible. 

It  is  better  to  have  them  destroy  and  waste  a  little 
of  it  unnecessarily  than  it  is  to  be  stingy  with  it  and 
let  the  machines  suffer  for  want  of  cleaning.  Both  waste 
and  receptacle  for  the  waste  should  be  provided — that  is, 
a  box,  or  preferably  a  metal  can,  for  holding  the  clean 
waste,  and  also  a  metal  receptacle  for  the  dirty  waste. 
This  oily  waste  is  a  dangerous  thing  to  have  thrown 
around  carelessly  in  the  corners,  and  should  always  be 
kept  in  a  covered  metal  box  or  can  of  some  kind  to 
prevent  danger  from  tire.  It  also  contributes  to  neatness 
and  orderliness. — ^Yood-\\ oiler. 
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Accident  to  Twin  Tandem  Engine 

A  peculiar  accident  happened  to  a  twin-taudem-com- 
poiind  Corliss  condensing  engine  running  at  78  r.p.ni. 
and  developing  about  1800  hp.,  in  the  plant  of  the  Berk- 
shire Cotton  Mfg.  Co.,  Adams,  Mass.,  on  Feb.  11.  Ac- 
cording to  our  correspondent,  one  of  the  cross-head  shoes 
came  loose  in  some  manner,  broke  in  two  pieces — one 
piece  flying  out  through  the  engine-room  door  and  the 
other  barely  missing  the  head  of  Howard  Kaiser,  assistant 
engineer.  The  mil!  was  shut  down  a  few  hours  while  a 
new  shoe  was  fitted. 


Piston    Explodes 

Another  instance  of  where  "they  did  not  know  it  was 
loaded"  is  related  by  a  correspondent.  In  a  machine 
shop  at  Hadley,  Alaska,  on  Jan.  22,  two  men  were  heat- 
ing a  piston  and  piston  rod  in  a  forge,  preparatory  to 
straightening  the  rod,  when  the  piston  exploded.  For- 
tunately, no  one  was  injured  and  the  damage  done  was 
slight.  The  explosion  is  said  to  have  been  due  to  the 
presence  of  water  in  the  piston.  On  the  application  <if 
heat,  the  pressure  due  to  the  formation  of  steam  caused 
the  explosion. 

Blowoff  Tank  Explodes 

A  rather  odd  accident  happened  at  the  Colorado 
Springs  high-school  building,  on  Jan.  .30.  The  heating 
plant  has  two  14-ft.  by  60-in.  boilers,  operated  at  60  lb. 
steam  pressure  so  as  to  drive  an  engine  and  fan.  The 
blowoffs  from  these  boilers  are  connected  to  a  small  cast- 
iron  reservoir  3  ft.  in  diameter  and  3  ft.  deep,  which  in 
turn  is  connected  to  the  city  sewer  by  means  of  a  4-in. 
siphon  reduced  to  2  in.  just  outside  the  reservoir.  The 
2-in.  pipe  has  one  elbow  before  it  reaches  a  4-in.  sewer 
pipe  4  ft.  away. 

A  week  previous  to  the  accident,  the  blowoff  pipe  on 
one  of  the  boilers  had  become  clogged  between  the  boiler 
and  reservoir.  The  engineer  could  not  shut  down  anil 
take  out  the  pipe  because  of  the  very  cold  weather  at 
that  time,  so  he  tried  forcing  it  out  by  opening  the 
blowoff  under  60  lb.  pressure.  As  usual,  the  space  be- 
tween the  back  of  the  boiler  and  the  ]>artition  wall  was 
narrow  and  the  reservoir  was  situated  just  at  the  en- 
trance of  this  narrow  alley. 

As  the  engineer  opened  the  mud  valve  he  heard  the 
rush  of  water  as  the  pipe  cleared  itself  and  he  was  just 
on  the  point  of  backing  out  and  letting  it  blow  for 
awhile  when  there  was  an  explosion,  filling  the  boil;  r 
room  with  hot  water  and  steam,  and  l)efore  he  could  get 
the  valve  closed  he  was  badly  scalded. 

The  pipe  from  the  reservoir  to  the  sewer  had  become 
choked  .so  that  the  pressure  increased  enough  in  the 
reservoir  to  rupture  the  1/2""^-  cast-iron  cover.  Two 
])ie(e.«  hit  llie  coiling  with  force  enough  to  go  through, 
liut  were  stopped  by  the  floor  above. 


Our  Juvftillp  contemporary  "Blow-Off"  had  an  article  rp- 
rrntly  on  "Taking  Care  of  I,lttle  Thlnirs"  which  .at  flrat  sl^ht 
wc  thoupfht  bore  on  the  wane  question,  but  It  dl'ln't.  Llttb: 
"Hlow-Onf"  l.s  hIttInK  rlffht  from  the  ahoulder  on  other  mat- 
tirs.  Bore  In,  neighbor,  you'vegot  lots  of  steam  behind  your 
punch. 


THE     INDICATOR     H.\NDBOOK.       A     practical     manual     for 
engineers     by     Chas.     N.     Piclcworth,     WhitwortTi     scholar, 
editor  of  the  "Mechanical  Works."   etc.     Part  II.     The  in- 
dicator diagram,  its  analysis  and  calculation.     Pages,  139. 
5x7,     illustrated,    cloth,     price     3s.       Emmott     &:    Co.,    uU\.. 
Manchester,    England.      D.    Van    Nostrand    Co..    JSTew    York. 
The    Pickworth     handbook    appears    to    be     the     favorite 
English  manual  of  the  steam-eng-ine  indicator.     The  resetting- 
for  the  fifth  edition  has  furnished  the  author  an  opportunity 
to    extend    the    work    in    several    particulars,    especially    the 
chapter  dealing  with  diagrams   from   gas  and  oil  engines.    He 
points  out  that  in   the   first  edition   of  his  work  a  gas-engine 
diagram    was    reduced    to    logarithmic    coordinates,     and    the 
value    of    n    for    the    compression    curve    determined,    as    has 
just  been  done  by  Mr.  Clayton. 

MATERIALS     AND     CONSTRUCTION— A     Textbook     of     Ele- 
mentary    Structural    Design.        Bv     James    A.     Pratt.       P. 
Blakiston's    Son     &    Co.,    Philadelphia,    Penn.       Cloth;    196 
pages,   5x7   in.;   S5   illustrations;   tables.      Price,   90c. 
The   book  gives  an   elementary   treatment   of   materials  and 
the    laws    of    construction.      It    is    intended    for    trade-school 
students  so  that  no  attempt  has  been  made  to  cover  any  ad- 
vanced engineering  work.     The  following  list  of  chapters  will 
.give   some   idea   of   the   contents:      Elementary   Principles,    Ma- 
terials,   Elementary    Calculations    and    Properties,    Beam    De- 
sign,    Columns,    Torsion,    Action    of    Elementary    Forces    aii.l 
Their    Consideration    in    Design,    Proportions    of    Knees    and 
Counters,    Riveted    Joints,    R(jinforced    Concrete,    Tables    and 
Data.      In   correctness   and   simplicity   of   treatment  the   book 
fulfills  its  purpose,  and  should  be  of  value  to  the  student  in- 
terested  in  mechanics. 

SHOP  MATHEMATICS— Part  I:   Shop  Arithmetic  Prepared  in 
the    Extension    Division    of    the    University    of    Wisconsin. 
By  Earle  B.  Norris  and    Kenneth  G.    Smith.      McGraw-Hill 
Book   Co.,    New   York   Citv.      Cloth;   1S7   pages,    6^4x9V>    in.; 
86  illustrations.      Price,    $1.50. 
To    teach    the    fundamental    principles    of    mathematics    to 
shopmen   is   the   aim   of   the   book.     The   first   twelve   chapters 
are   devoted   to   simple   arithmetic,    such   subjects   as   fractions, 
percentage,    ratio    and   proportion,    areas    and    volumes,    square 
root,    etc.,    being    treated    in    very    simple    style,    with    plenty 
of  examples  to  drill   the  reader  in  the  work.     The  balance  of 
the   book  contains   chapters  on  levers,   tackle  blocks,   inclined 
plane  and  screw,  work,  power  and  energy,   horsepower  of  en- 
gines and   belting,   mechanics   of   fluids,   heat  and   strength   of 
materials.     This   part   of   the   book   is   intended   to   develop   an 
E.bility    to    use    simple    formulas   and    simultaneously    impart   a 
knowledge   of  the   principles  of  machines.      The   problems   and 
applications   relate   largely  to   the   metal-working   trades,    but 
are    of   just   as   much    Interest   and   value    to    the    engineer    in 
the   power  plant.      References   to  everyday  applications  of  the 
subjects  mentioned  and  illustrations  of  familiar  machines  and 
devices  make   it  easy  for  the   reader  to  grasp   the   points  of  a 
problem.      Due   to   the   simple   and   direct   treatment  the   book 
should  prove  specially  valuable  in  home  study. 

THE  THEORY  OP  ENGINEERING  DR.VWING.  By  Alphonse 
A.  Adler.  B.  S..  M.  B.  D.  Van  Nostrand  Co.,  New  York. 
Cloth;   289  pages;   illustrated;   6x9   in.     Price  $2. 

As  the  author  states  in  his  preface,  the  subject  matter  of 
this  book  is,  in  large  measure,  the  same  as  dealt  with  in 
treati.«^es  on  descriptive  geometry.  The  chief  aim  Is  to  cor- 
rect the  weaknesses  considered  to  exist  in  the  manner  of  pre- 
senting the  theory   of  descriptive  geometry. 

The  title  is  very  appropriate  considering  that  descriptive 
geometry  applies  more  to  engineering  than  to  any  other 
field,  and  because  the  author  tre.ats  of  Its  relation  to  en- 
gineering. Contrary  to  the  usual  manner  of  working  up 
the  subject  by  starti-ng  in  with  definitions  and  conslderation.s 
of  the  orthographic  projections  of  a  point  and  going  thence 
into  the  theory  of  the  projection  of  lines,  surfaces  and 
solids,  the  author  reverses  the  process  by  first  considering  a 
concrete  object  and  then  working  up  to  the  theory.  The 
purpose  of  this  method  of  presentation  Is  to  make  it  easy 
to   understand    each    successive   step   of   the   subject. 

The  book  Is  divided  Into  four  part.s  Part  1  treating  oblique 
projection  and  orthographic  projection,  which  Includes  axo- 
nometrlc  projection;  Part  2,  an  Interesting  variety  of  prob- 
lems relating  to  the  line,  the  point  and  the  plane;  Part  3, 
problems  In  perspective,  and  Part  4,  shading. 

The  book  will  be  found  very  useful  to  those  who  have  to 
do  with  or  are  Interested  In  the  theory  and  commercial  ap- 
plication of  drawing.  The  volume  Is  well  adapted  to  home 
study,  as  a  nu.nber  of  questions  are  given  after  and  re- 
lating to  each  chapter. 
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THE    AIETRIC    STSTEJI.      Bv    Henry    G.    Bayer.      Ninety-four 
4x6>-,-in.   pages;    13   illustrations  in   the  text;    26   tables   of 
equivalents.      Price.    &5e.      Henry  G.   Bayer.    232   Greenwich 
St..  New  York.  N.   Y. 
This    little    book    has    been    prepared    to    furnish    in    useful 
form    to     the    student,     engineer    and     manufacturer,     needful 
data   in   regard   to   the    metric   system.      The   author    is   an    en- 
thusiastic   advocate    of    the    system,    but    this    does    not    blind 
him  to  the   strength   of  the   arguments   in   opposition;    in    fact 
these   major   arguments   are    briefly   and   accurately   stated   in 
the  opening  paragraph  on  page   11. 

The  history  of  the  system,  its  definitions,  rules,  etymol- 
ogy. 26  conversion  tables  and  explanatory  problems  are 
given.  The  general  heads  are:  Measures  of  Length,  of 
Surface,  of  Volume,  of  Capacity,  of  Weight  (mass),  of  Value; 
Miscellaneous  Measures  Used  in  Physics  and  Engineering, 
and  Thermometers. 

The  tables,  which  are  among  the  most  important  and  per- 
haps the  most  useful  features  have  been  worked  out  with 
care  and  completeness.  They  alone  are  sufficient  to  recom- 
mend the  book,  for  too  often  the  engineer  exasperatingly 
fails  to  find  the  particular  equivalent  of  some  compound 
English  unit  when  he  wishes  to  make  a  conversion  to  the 
metric  system.  The  book  will  be  found  of  value  to  anyone 
having  occasion   to   use  the   metric  system. 

LEF\X.  Loose  leaf  engineer's  reference  book  founded  by 
John  Clinton  Parker,  published  by  the  Standard  Corpora- 
tion. Pennsylvania  Bldg..  Philadelphia.  Penn.  A  years 
subscription.  $1.  Size  of  pages  3%x6%-in.  Loose  leaf 
binder,   leather   covered.   90   cents. 

With  the  evident  idea  of  giving  the  engineer  ultimately 
all  the  data  which  he  needs  to  keep  on  hand,  in  the  shape 
of  loose-leaf  sheets,  so  that  he  need  carry  for  reference  only 
such  pages  as  are  most  important  to  him,  J.  C.  Parker  has 
hit  upon  the  scheme  which  has  now  borne  fruit  in  "Lefax," 
(Leaf-facts). 

It  takes  care  not  only  of  the  data  sheets  published  by  the 
Standard  Corporation,  but  of  the  engineers  own  notes,  and 
of  data  published  in  periodicals,  for  such  may  be  filed  on 
blank  sheets  of  the  same  standard  size  as  the  data  sheets, 
and  indexed  among  them.  Clippings  can  be  so  pasted  or  a 
synopsis  of  the  article  written  on  the  blank  sheet.  Sub- 
scribers are  invited  to  suggest  subjects  for  data  sheets,  and 
such  as  furnish  data  sheets  which  are  accepted  will  be  paid 
for  them  at  the  rate  of -$5  a  sheet,  provided  such  information 
is  original. 

On  each  sheet  a  filing  index  is  printed,  which  can  be 
modified  at  the   individual   user's  pleasure. 

In  the  sample  sheets  sent  out  are  tables  of  logarithms, 
circumferences  and  areas  of  circles,  the  1912  standard  of 
flange  fittings,  actual  evaporation  per  boiler  horsepower  and 
factors  of  evaporation  for  saturated  steam,  properties  of 
saturated  steam  from  the  new  Marks  &  Davis  tables,  actual 
evaporation  per  boiler  horsepower  and  factors  of  evapor- 
ation of  superheated  steam,  100  deg.  superheat,  sheet  metal 
and  wire  standard  gages,  and  an  example  of  the  advertising 
sheets  sold  to  manufacturers  of  equipment  for  presenting 
data  of  interest  to  engineers.  The  one  given  among  the 
samples  is  irom  the  Parker  Boiler  company,  and  describes  the 
design  of  a  Parker  downflow   boiler. 

PRACTICAL  MATHEMATICS.  PARTS  I.  II  AND  III.  Bound 
separately.  Bv  Claude  Irwin  Palmer.  Published  by  the 
McGraw-Hill  Book  Co..  New  York  City.  5x7  inches. 
Cloth.     Price  75  cents  per  volume. 

These  three  books  are  the  first  of  a  series  of  four  vol- 
umes treating  of  mathematics.  The  series  is  the  outgrowth 
of  the  course  in  mathematics  given  the  evening  classes  of 
the  iVrmour  Institute  of  Technology.  These  little  books  are 
well  adapted  to  the  needs  of  practical  men  who  must  get 
a   "working   kno"n'ledge    of   mathematics   by    home    study. 

Part  I  (138  pages)  begins  with  a  review  of  arithmetical 
terms  and  work  which  nearly  every  man  has  learned  in  the 
lower  grades   of   the   grammar   school. 

The  following  chapters  take  up  common  and  decimal 
fractions,  weights  and  measures,  percentage,  ratio,  propor- 
tion, powers  and  roots.  The  exercises  consist  of  "working 
out  problems  that  are  met  "with  in  every  day  "work  in  the 
shop,   engine   room,   and   in   the   building  trades. 

Part  II  (150  pages)  treats  solely  of  the  essentials  of 
geometry.  Plenty  of  exercises  are  given  so  the  student  may 
get  a  good  training  in  the  working  of  problems  relating  to 
triangles,  circles,  prisms,  cylinders,  spheres,  pyramids,  cones, 
frustrums,    etc. 

Some  examples  in  geometry  relating  to  the  work  of  the 
carpenter,  machinist,  mason  or  engineer,  are  fully  explained 
and  worked  out.  This  book  concludes  with  a  list  of  61 
geometrical  formulas  and  five  tables. 

Part  III  (176  pages)  takes  up  algebra.  The  author 
treats  the  subject  so  feared  by  most  practical  men  In  a  man- 


ner which  is  necessarily  lengthy  on  account  of  the  sim- 
plicity  with   which   the   matter   must   be   presented. 

At  the  end  of  each  lesson  a  number  of  examples  are  given 
with  their  answers  so  that  the  student  may  know  whether 
or  not  he  has  worked  his  problems  correctly  by  reference  to 
these   answers. 

Engineers  will  find  Chapter  15  of  this  volume  to  be  of  a 
special  interest  to  them  in  that  it  takes  up  the  essentials  for 
plotting   graphics. 

THE  ELEMENTS  OF  HEATING  .\ND  VENTILATION.  By 
.Arthur  M.  Greene.  Jr.  John  Wiley  &  Sons.  New  Y'ork. 
1913.  Cloth;  324  pages,  6x9%  in.;  223  illustrations,  tables. 
Price    ?2.50. 

The  book  is  a  general  treatment  of  heating  and  ventilat- 
ing systems,  covering  hot-air,  hot-water  and  direct  and  in- 
direct steam  heating  systems,  particular  attention  being 
given  to  residence  heating.  Formulas  for  the  amount  of  air 
required  for  ventilation  are  deduced  and  supplemented  by 
tables  from  various  authorities.  This  data  is  naturally  fol- 
lowed by  a  description  of  humidifiers  and  washers  for  clean- 
ing the  air.  The  subject  of  heat  losses  from  rooms  is  given 
considerable  space.  The  various  common  forms  of  building 
construction  are  illustrated  with  data  and  formulas  for  cal- 
culating the  heat  loss  and  the  heat  required  for  ventilation. 
Radiators  and  valves  of  various  types  are  illustrated  and 
the  subject  of  heat  transmission  through  radiators  is  taken 
up  at  length.  In  direct  steam  heating,  the  single-pipe, 
double-pipe  and  over-head  systems  are  compared  and  in  the 
chapter  following,  gravity  hot-water  systems  are  gi\en  at- 
tention. 

Indirect  heating  is  limited  to  65  pages.  To  illustrate  the 
natural-draft  system,  the  size  of  the  flues  and  ducts  and  the 
amount  of  the  heating  surface  is  calculated  for  a  two-story 
house.  The  plenum  or  forced-draft  system  is  applied  to  a 
school  house.  The  flow  of  air  is  taken  up  and  formulas  for 
the  drop  of  pressure  in  pipes  and  bends  are  given.  Meth- 
ods for  measuring  the  quantity  of  air  by  pilot  tubes,  stand- 
ard orifices,  anemometers,  venturi  meters  and  electric  meters 
are  explained  and  tables  are  given  of  pressures  and  the 
velocities  of  air  and  the  diameters  of  pipes  required  for  va- 
rious capacities.  Several  forms  of  fans  and  housings  are 
illustrated  with  problems  shO"wing  the  method  to  be  pur- 
sued in  determining  the  size  of  a  fan  for  a  given  case. 

In  the  section  devoted  to  hot-air  heating,  a  system  is 
laid  out  and  all  calculations  made  for  a  two-story  house. 
The  details  of  furnaces  and  boilers  and  the  points  governing 
their  selection  are  taken  up  and  following  is  a  description  of 
the   relative   merits  of   steam,   hot-water   and   hot-air   systems. 

District  heating  with  steam  and  hot  water  Is  compared 
and  the  concluding  chapter  is  devoted  to  thermostatic  tem- 
perature control  and  the  use  of  air  for  drying. 

Due  to  the  number  of  subjects  discussed,  the  treatment 
is  necessarily  brief  and,  as  the  book  deals  mostly  -svith  house 
heating  and  ventilation,  its  value  as  a  general  reference  book 
is  limited  in  the  same  proportion  to  this  particular  branch 
of  the  art. 


Proposed  Maine   License  Law 

In  the  Maine  Legislature  an  act  to  provide  for  licensing 
engineers  of  stationary  engines  has  recently  been  proposed 
by  Mr.  Harman,  of  Stonington.  The  bill  contains  10  sec- 
tions. 

Section  2  declares  that  "whosoever  desires  to  act  as  engi- 
neer of  a  stationary  engine  shall  apply  for  a  license  there- 
for to  the  secretary  of  state.  The  application  must  show 
the  applicant's  total  experience  and  be  accompanied  by  the 
fee  of  $2. 

The  bill  will  allo"w  an  owner  or  user  to  operate  a  steam 
boiler  for  one  "week  without  a  license.  If  the  secretary  of 
state  decides  that  the  applicant  has  properly  answered  all 
the  questions  in  the  application,  and  "the  applicant  has  had 
the  required  t\\'0  years'  experience  as  a  fireman."  a  license 
will  be  granted  to  operate  a  stationary  engine  in  any  part 
of  the  state  of  Maine  for  a  period  of  two  years  unless  re- 
voked for  incompetency  or  negligence.  He  must  be  "a  citizen 
or  naturalized  citizen  of  the  United  States,"  of  good  moral 
character    and    of    sober    habits. 

It  is  also  proposed  that  a  license  may  be  renewed  at  the 
end  of  the  two  years  without  the  $2  fee  for  renewal  if  the 
application  is  made  within  six  months  from  the  date  of  ex- 
piration   of    the    license. 

A  violation  of  these  rules  subjects  the  engineer  to  a  fine 
of  not  less  than  SlOO  or  more  than  $500,  imprisonment  for 
not  less  than  30  days  or  more  than  three  months,  or  both. 
The  trial  justice,  the  municipal  and  the  police  courts  will 
have  jurisdiction  of  offenses  under  the  act. 
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Employees   Share  in    Profits 

Profit-sharing  by  employers  with  their  employees  received 
a  practical  endorsement  at  a  banquet  held  in  the  Hotel 
Walton.  Philadelphia,  Monday  evening.  Feb.  17,  at  which 
were  gathered  the  thirty-two  associates  and  employees  of 
the  New  York  and  Philadelphia  offices  of  the  architectural 
and   engineering   firm    of   Ballinger   &    Perrot. 

Walter  F.  Ballinger  presided,  and  gave  a  brief  address  ex- 
plaining the  profit-sharing  plan  which  had  been  decided 
upon.  This  division  will  be  upon  a  two-fold  basis;  the  first, 
the  division  of  a  certain  sum  set  aside  from  the  profits  in 
which  all  the  employees  will  share  equally,  irrespective  of 
their  salaries.  Second,  there  will  be  a  division  of  an  addi- 
tional amount  based  upon  the  proportion  which  each  em- 
ployee's salary   bears  to  the  total  amount  of  salaries  paid. 

Mr.  Ballinger  announced  that  the  past  year  had  been  the 
most  successful  the  firm  had  ever  handled,  and  it  was  due, 
in  a  great  measure,  to  the  efficiency  and  cooperation  of  the 
employees.  Emile  G.  Perrot  then  distributed  checks  to  the 
employees,  representing  their  proportion  of  the  profits  of  the 
past  year  on  the  basis   outlined. 

Profit-sharing  has  proved  so  satisfactory  that  the  firm  has 
decided  to  extend  the  plan  to  all  of  its  employees,  from  the 
highest  to  the  lowest,  believing  thereby  to  obtain  an  in- 
creased   cooperation    and    etliciency    thioughuut     their     entire 


Members    of    American    Institute  of 
Steam  Boiler  Inspectors  Dine 

The  annual  dinner  of  the  New  York  section  of  the  Amer- 
ican Institute  of  Steam  Boiler  Inspectors  was  held  at  the 
Oak  Hotel  on  Friday  evening.  Feb.  21,  to  commemorate  the 
second  anniversary  of  the  founding  of  the  society.  About 
sixty  members  and  guests  were  present  and  although  not  a 
large  assemblage,  they  made  up  for  lack  of  numbers  in  the 
enthusiasm  shown. 

As  a  mark  of  appreciation,  the  society  presented  its  re- 
tiring president.  J.  W.  Winter,  with  a  handsome  gold  watch; 
T.  T.  Parker  making  the  presentation. 

Among  the  speakers  were  several  representatives  from 
other  cities.  These  included  Mr.  King  and  Mr.  Malloy,  of 
Boston.  The  latter  told  of  the  Boston  section  of  the  Ameri- 
can Institute  of  Steam  Boiler  Inspectors,  its  organization, 
educational    program   and    policy. 

Philadelphia  was  represented  by  Mr.  Lukens,  chief  in- 
spector of  boilers  for  that  city.  He  made  a  plea  for  uniform 
boiler  laws  and  incidentally  mentioned  that  since  the  Phila- 
delphia laws  had  been  in  force  there  had  not  been  a  boiler 
explosion   in   that   ciy. 

The  government  service  was  represented  by  Mr.  .\rkle- 
baum,   who   made   a   few   remarks. 
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force.      No    pretense    is    made    that    the    plan    is    a    species 
philanthropy,    it    being    their    firm    belief    that    fair    treatme 
of    the    emploj-ffs    is    of    mutual    benefit    to    employer    and    ei 
pl.iy,-,.. 


A  meeting  of  the  American  Institute  of  Consulting  Engi- 
neers to  further  discuss  "Professional  Relations"  will  be  held 
at  the  Engineers'  Club,  32  West  Fortieth  St..  New  York  City. 
Tuesday  evening.  Mar.  11,  at  S  p.m.  The  discussions  of  L.  B. 
Stillwell  and  S.  Whinery  at  the  last  meeting  were  printed  in 
"Engineering  News"  of  Jan.  23.  page  155.  and  it  is  hoped  that 
the  members  will  read  these  articles  and  come  prepared  to 
speak.  There  will  be  an  informal  dinner  at  6:30  at  the  same 
place  Just   before   the  meeting. 

In  a  paper  read  by  K.  Cox  on  "Internal  Ccimlnistion  lOii- 
glncs"  recently,  before  the  Yorkshire  section  of  the  Institu- 
tion of  Electrical  Engineers,  the  author  established  com- 
parisons between  three  different  classes  of  plant  as  fol- 
lows: In  regard  to  capital  cost,  that  of  a  650-kw.  turbine 
generating  plant  amounting  to  £8850,  as  against  £9<!0  for  a 
gas  engine  Installation  and  £11,080  for  a  Diesel  engine  in- 
stallation of  similar  power.  The  running  costs  for  the  three 
plants  under  eqii.al  conditions  were  as  follows:  Steam  pl.int, 
0.232d.  per  brake  hp.-hr.,  and  0.348d.  per  kw.-hr.:  gas  en- 
gine plant.  O.inSd.  and  0.292d.  respectively,  and  Diesel  en- 
gine  plant.   0.2fi8d.   and   0.047d".   respectively. 


Mr.  Fogarty.  of  Brooklj'n.  spoke  from  the  viewpoint  of  the 
boiler  manufacturer.  He  told  how  difficult  it  was  to  build 
a  high-grade  boiler  to  compete  with  an  inferior  one  under  ex- 
isting conditions,  and  also  threw  some  light  on  the  present 
city  inspection  of  steam  boilers  by  the  police  department. 
He  strongly  advocated  the  adoption  of  state  boiler  rules  tor 
New  York  similar  to  those  now  in  force  in  Massachusetts  and 
also  advocated  giving  insurance  inspectors  the  power  to  shut 
down  a  boiler  which  they  did  not  believe   safe. 

F.  G.  Shaw,  the  newly  elected  president,  then  spoke  of  the 
aims  of  the  society  and  heartily  endorsed  what  the  other 
speakers  had  said  regarding  uniform  boiler  laws.  Upon 
the  motion  of  T.  T.  Parker,  the  society  adopted  a  resolution 
providing  for  the  presentation  of  a  bill  to  the  present  legis- 
lature, for  boiler  laws  based  on  the  Massachusetts  rules. 

Thomas  Wilmott,  a  member  of  the  Assembly  from  Brook- 
lyn, pledged  his  support  of  such  a  bill  when  drawn  up. 

Brief  speeches  were  also  made  by  a  number  of  other  mem- 
Ijers  and  guests  and  R.  A.  Thompson  was  reelected  secretary 
for  (he  ensuing  year.  A  splendid  musical  program  added  to 
111"      ttr-'Ctions  of  the  evr'niiig. 


OBITUARY 


P.\TR1CK    W.    (^\NTWELL 

Patrick    W.   Cantwell.    a   boiler   maker,   for   many    years   In 

the   department    of    water    supply   at    the    Rldgewood    pumping 

station.   Brooklyn.    N.   Y..   and   long  the  president  of  the   Boiler 

Makers   and    Iron    .Ship    Builders   Association    of   America,   died. 
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Feb.  7,  at  his  home  in  Greenpoint.  He  was  born  in  the  East- 
ern District  54  years  agro  and  lived  in  Greenpoint  30  years. 
He  is  survived  by  his  widow  and  three  daughters. 

CARL  GUSTAF  PATRIK  de  LAVAL 
Carl  Gustaf  Patrik  de  Laval,  of  Stockholm,  Sweden,  died  re- 
cently in  the  sixty-seventh  year.  He  was  born  at  Blasenborg, 
County  of  Orsa.  Province  of  Dalarne.  Sweden,  May  9,  1S45. 
His  father  was  Capt,  Jacob  de  Laval,  of  the  Swedish  Army; 
his  mother's  maiden  name  was  Johunna  Martin.  A  mechan- 
ical taste  became  evident  in  his  childhood,  for  he  loved  to 
take  apart  and  put  together  pieces  of  mechanism,  such  as 
watches  and  gun  locks.  His  parents  were  wise  enough  to  let 
his  inclination  develop.  Having  continued  his  home  instruc- 
tion until  the  age  of  12,  they  sent  him  to  school  in  Salun. 
Sweden,  and  at  IS  he  was  a  student  in  the  University  of  TJp- 
sala,  Sweden.  It  is  said  also  that  he  was  enrolled  in  the  Uni- 
versity of  Stockholm.  At  all  events,  he  reached  his  college 
graduation  with  high  honor  in  1S66.  De  Laval's  first  em- 
ployment was  with  the  "Stora  Kopparberg,"  a  mining  con- 
cern, where  he  found  that  he  needed  a  better  scientific  edu- 
cation and  thereupon  returned  to  Upsala,  taking  up  post- 
graduate study  in  chemistry  physics,  mathematics,  etc.  In 
1S72,  having  attained  the  doctorate  of  philosophy,  he  re- 
entered the  service  of  the  "Stora"  company.  About  this  time 
he  journeyed  to  the  Harz  Mountains,  in  Germany,  to  study  the 
manufacture  of  sulphur  or  sulphuric  acid,  a  plant  for  the 
production  of  which  was  projected  at  Salun, 

Going  to  Germany  in  1S75,  he  became  mechanical  engineer 
for  the  Kloster  Iron  AVorks,  where  he  invented  a  sort  of  sieve 
for  improving  the  distribution  of  air  in  bessemer  converters. 
He  also  invented  a  new  apparatus  for  galvanizing  purposes. 
More  significant  were  his  experiments  with  the  centrifugal 
cream  separator,  which  perhaps  has  made  his  name  even 
more    widely   known    than    did    his   steam    turbine    later. 

Prof.  Lefeldt,  it  is  fair  to  mention,  was  working  with  the 
separator  idea  at  about  the  same  time  as  de  Laval.  The  lat- 
ter, seeing  its  possibly  enormous  utility,  and  having  failed 
to  persuade  the  Kloster  concern  to  take  up  its  manufacture, 
surrendered  his  employment  with  them,  in  1S77.  and  went  to 
Stockholm  to  exploit  the  invention  himself.  Since  that  time, 
the  sales  of  his  cream  separator  have  amounted  probably  to  a 
million  machines.  The  mechanism  has  undergone  important 
improvements  over  the  original  pattern,  among  them  being  a 
continuous  delivery  of  cream  and  skimmed  milk  from  their 
respective  outlets.  De  Laval  made  other  inventions  in  the  dairy 
business,  including  the  "Lactotrite,"  "Emulser,"  and  "Con- 
tinuous Churn."  The  "Lactotrite" — which  we  understand  to 
be  the  same  as  the  "Lactometer" — is  an  instrument  for  auto- 
matically analyzing  milk  to  show  its  quality.  Previously  it 
had  been  customary  to  determine  the  proportion  of  cream, 
but  de  Laval's  instrument  accurately  indicates  its  richness 
in   butter  fat. 

Following  the  establishment  of  his  cream-separator  in- 
dustry. Dr.  de  Laval  founded  at  Olofsirom,  Sweden,  a  factory 
for  stamping  out  steel  utensils,  which  has  grown  into  a  very 
important  national  industry.  At  heavy  cost,  he  experimented 
with  a  steamboat  to  develop  high  speed  on  a  new  principle, 
but  was  not  very  successful,  and.  although  confident  that  he 
had  the  right  idea,  he  decided  to  drop  it  and  put  his  time 
and    money    into    the   steam    turbine. 

As  long  ago  as  1870,  he  had  experimented  with  a  nozzle 
for  a  steam  sand  blast  to  be  used  for  making  mine  borings, 
the  edges  of  which  nozzle  were  so  inclined  as  to  cause  rota- 
tion. This,  though  of  little  account  in  itself,  turned  his  mind 
in  a  fruitful  direction.  About  1SS2,  he  constructed  his  first 
steam  reaction  turbine.  It  was  a  simple  one.  on  the  prin- 
ciple of  Hero's  engine,  the  rotor  being  essentially  an  S-shaped 
outward-flow  pipe.  It  was  geared  with  friction  bevel  wheels 
whose  pressure  was  produced  by  the  axial  thrust  of  the  tur- 
bine wheel.  This  turbine  did  not  expand  the  steam  enough 
to    run    at   very   high    speed. 

In  one  or  more  of  these  early  experim.ental  turbines  he 
used  water  (condensed  steam)  for  bearing  and  stufling-box 
lubrication.  The  shaft  rested  on  a  stepbearing  inclosed  in 
a  vessel  filled  with  water  under  high  pressure,  which  kept 
the  shaft  up  to  a  certain  level.  If  it  rose  higher,  the  water 
escaped,  relieved  the  pressure  and  allowed  the  shaft  to  drop 
back.  By  this  construction  a  considerable  power  was  de- 
veloped, but  the  bad  lubrication  caused  heating  at  the  higher 
speeds,  and  it  seemed  impossible  to  make  a  tight  packing 
between  the  steam  inlet  and  the  fast  rotating  wheel. 

To  introduce  the  steam  without  impeding  the  rotation  of 
the  wheel,  de  Laval  tried  the  plan  of  initially  converting  a 
part  of  the  energy  into  kinetic  form.  This  gave  it  the  ve- 
locity required  when  it  reached  the  rotor  and  the  consequent 
lowering  of  pressure  allowed  a  play  of  one-half  to  one  milli- 
meter without  leaking. 


Doctor  de  Laval's  first  commercially  practical  turbine  was 
built  in  1SS3.  and  was  used  to  drive  a  cream  separator,  di- 
rectly connected.  Its  efTiciency  was  low,  due  to  the  slow 
peripheral    speed    and    imperfect    steam    expansion. 

It  was  not  until  ISSS  that  he  arrived  at  the  system  of  com- 
pletely expanding  the  steam  and  employing  it  in  an  axial 
turbine.  For  this  purpose,  he  used  a  multiplicity  of  nozzles 
in  which  the  steam  expanded  to  atmospheric  pressure  and 
produced  a  corresponding  velocity.  The  wheel  was  designed 
for  this  velocity  and  the  turbine  was  an  axial  impulse  one 
which  ran  at  a  high  number  of  revolutions  per  minute.  At 
the  close  of  ISSS,  de  Laval  invented  the  fiexible  shaft  that 
allowed  the  wheel  to  revolve  at  a  speed  limited  only  by  the 
strength  of  the  material,  thus  perfecting  the  principle  of  his 
turbine.  Tremendous  were  the  practical  difficulties  that  he 
surmounted  in  designing  turbine  wheels  so  constructed  and 
balanced  as  to  revolve  around  their  centers  of  gravity  at 
16.000  to  30,000  r.p.m.  without  destructive  side  pressure  on 
the  bearings  and  to  produce  horsepower  ranging  up  into  the 
hundreds.      In    experiments    he    obtained    even    greater    speeds. 

De  Laval  formed  his  turbine  business  into  a  large  incor- 
porated company  at  Stockholm,  Sweden,  which  had  affiliated 
concerns  in  many  countries,  including  France.  Germany,  Eng- 
land, Netherlands,  Austria-Hungary,  Russia  and  the  United  , 
States.  The  number  of  his  turbines  that  have  been  manu- 
factured runs  high  into  the  thousands.  They  are  employed 
for  direct  connection  to  dynamos,  centrifugal  pumps,  blowers 
and  other  machines.  Something  like  one  in  seven  has  been 
built    for   use   on   sliipboard. 


DocTon  De  Laval 

The  demand  by  the  turbine  for  high  pressures  of  steam 
led  de  Laval  to  experiment  with  boiler  designs,  in  which  he 
applied  new  principles  and  aimed  at  absolute  freedom  from 
explosions.  His  boldness  and  unconventionality  as  an  in- 
ventor may  be  judged  from  the  fact  that  he  worked  with 
steam   pressures  of  several   thousand  pounds   per  square   inch. 

He  was  an  engineer  of  great  versatility.  One  of  his  more 
I'ecent  inventions  was  a  method  for  making  iron  pipe.  He 
busied  himself  also  with  metallurgy,  among  his  later  patents 
being  those  on  electric  furnaces  for  direct  production  of 
metals  from  the  ores,  a  method  especially  valuable  in  a  coun- 
try like  Sweden,  which  is  rich  in  water  powers.  A  zinc-smelt- 
ing plant  on  the  de  Laval  principle  was  established  at  the 
Trollhiitte  waterfall,  and  still  later  he  patented  a  furnace  for 
smelting  iron   from   a  pulverized   charge. 

De  Laval's  personality  was  one  which  drew  to  him  th^ 
respect  and  love  both  of  his  social  peers  and  of  his  eiuployees. 
and  his  valuable  citizenship  was  recognized  by  the  bestowal 
of  national  offices.  He  was  elected  a  deputy  to  the  Swedish 
Parliament,  18S8-90,  and  later  became  a  member  of  the  Sen- 
ate. De  Laval's  honors  and  decorations  were  many,  he  having 
received  the  Cross  of  Commander  of  Wasa,  and  the  insignia 
of  Knight  of  the  First  Class  of  the  North  Star.  He  was  a 
member  of  the  Swedish  Royal  Academy  of  Science,  which 
presented  him  with  a  gold  medal  in  1S92,  and  an  honorary 
member  of  the  Royal  Academy  of  .-SLgriculture.  In  1904,  the 
Association  of  German  Engineers  awarded  him  the  Groshof 
medal    for    his    pioneer    work    on    the    steam    turbine. 
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New  Sharp  Mill  Spray  Cooling  Pond 


By  \\a]!i;i:.\  O.  Hockus 


SrXOPSIS — Owing  to  the  distance  and  elevation  from 
and  above  the  harbor,  a  cooling  pond  with  120  spraij  noz- 
zles lias  been  constructed.  The  nozzles  are  set  at  such 
an  angle  tttat  opposite  jets  impinge  against  each  other, 
which  further  assists  in  breaking  up  the  water. 

Much  iutorest  has  heen  mauifested  by  the  mill  men  of 
New  Bedford.  Mass.,  in  the  successful  operation  of  the 
spray  pond  of  the  Sharp  Manufacturing  Co..  of  that  city. 
It  is  only  the  second  of  its  kind  in  that  section  :  iicnce 
the  interest  shown. 

Most  of  the  cotton  mills  of  Xew  Bedford  are  located 
close  to  the  water  front  and  can  easily  obtain  an  abund- 
ance of  condensing  water,  with  short  intakes  leading  to 
the  .auction  pipes  of  the  circulating  pumps.  The  Sharp 
mill,  however,  has  not  this  advantage,  as  it  is  about  one- 
fourth  mile  from  the  nearest  source  of  condensing  water 


Fig.  1.    Spray  Xozzi.ks  and  Cooi.ixg  Pond 


supply  and  is  at  an  elevation  of  35  ft.  above  the  mean 
water  level  at  low  tide. 

With  the  building  of  the  mill  came  the  problem  of  oIj- 
taiuing  a  sufficient  supply  of  condensing  water.  The  cost 
of  laying  a  line  of  large  water  pipe  from  the  harbor 
to  the  mill,  added  to  that  of  constructing  an  intake  and 
pumping  outfit,  together  with  the  co.st  of  operation,  made 
such  a  proposition  prohibitive.  Then,  after  due  investi- 
gation, it  was  decided  to  build  a  spray  cooling  pond  using 
fre.sh  instead  of  salt  water  in  the  condenser,  xvaturally 
there  is  some  loss  by  evaporation  and  by  mist  being  blown 
away  by  the  wind,  which  loss  is  made  up  from  the  city 
water  main.  A  view  of  the  spray  nozzles  and  cooling  pond 
is  shown  in  Fig.  1. 

In  the  engine  room,  which  is  shown  at  the  left  of  Fig. 
1,  is  a  30  and  68  by  60-in.  cross-compound  Corliss  engine, 
Fig.  2,  which  runs  at  80  r.p.m.  The  English  system  of 
rope  drive  is  used,  and  four  sets  of  line  shafting  are  driven 
from  the  grooved  flywheel.    There  is  also  a  14x33-in.  sim- 


ple, four-valve  engine  directly  connected  to  an  alternat- 
ing-current, three-phase,  60-cycle  600-volt  generator,  run- 
ning at  164  r.p.m.  The  generator  carries  a  motor  and 
lighting  load,  a  part  of  the  factory  machinery  being 
motor-driven. 

CoxDKX.sKU  Outfit 

Both  engines  are  connected  to  a  counterflow  barometric 
condenser  installed  in  the  engine  room,  a  general  view  of 
which  is  shown  in  Fig.  3.  Circulating  water  is  supplied 
by  a  13-in.  impeller  pump  directly  connected  to  an  8x12- 
in.  four-valve  engine  running  at  150  r.p.m.  The  10  and 
37  by  24-in.  dry-air  pump  runs  al  5i)  r.p.m. 

The  condenser  outfit  produces  a  vacuum  of  28  in.  in 
regular  daily  service  as  indicated  by  the  mercury  column 
attached  to  the  exhaust-steam  leg.  At  the  time  of  the 
writer's  visit  the  overflow  registered  a  temperature  of  100 
deg.  F.,  with  a  28-in.  vacuum.  The 
h(jtwcll  temperature  is  maintained 
within  -t  or  5  deg.  of  the  tempera- 
ture of  the  exhaust  steam.  The  coun- 
ter-current feature  of  the  condenser 
and  automatic  vacuum  breaker  en- 
ables the  operator  to  run  the  con- 
den.scr  without  danger  of  losing  the 
vacuum  should  the  temperature  of 
the  hotwcU  be  tiie  same  as  the  ex- 
haust steam. 

RotLER    EooM 

The  boiler  plant  contains  nine 
vertical  boilers,  each  of  225  hp. 
capacity.  The  flue  gases  go  to  a  lib- 
it, brick  chimney  which  is  built  on 
the  outside  of  the  boiler  room.  Boiler- 
feed  water  is  handled  by  two  12  and 
lYz  by  13-in.  outside-packed  duplex 
jnimps  after  passing  through  a 
multi-tube,  exhatist  -  steam'  heater, 
which  raises  the  temperature  to  about 
200  deg.  F. 
In  winter  the  mill  is  heated  by  hot  air  by  a  llx20-ft. 
fan  driven  by  a  16x24-in.  slide-valve  engine,  at  70  r.p.m. 
In  summer  the  air  is  cooled  and  washed  by  passing 
through  sprays  of  water,  which  also  produces  the  proper 
amount  of  humidity,  necessary  in  textile  manufacturing. 
Air  is  carried  to  the  various  rooms  through  metal  conduits 
entering  near  the  ceiling.  The  air-washing  water  is  stip- 
plied  by  a  turbine-driven  centrifugal  pump  at  1700  r.p.m. 
and  is  forced  through  2000  small  spray  nozzles.  The  sup- 
ply of  air  is  regulated  by  automatic  dampers  which  per- 
mit the  proper  amount  to  pass  through  the  washing 
water. 

All  engines  are  lubricated  by  a  gravity  oiling  system 
the  storage  tank  of  which  holds  500  gal.  There  are  two 
250-gal.  oil  filters. 

A  41/2^'iV^-iii--  triple-cylinder,  motor-driven  air  com- 
pressor in  the  basement  supplies  air  for  controlling  the 
humidifying  system  and  blowing  out  the  generator  and 
motors. 
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Fig.  3.    Gkxerai.  A'iew  of  the  Engine  Room 

apparatl's  of  the  sharp  manl'facturing  co.'s  power  plant 

Pros 
Puniow  Volts  Phasp    Cyi-lps   R.p.m.  Size  l.h. 


Spray  Pond 

Circulating  water  is  taken  froiiL 
the  hot  well  by  a  12-Jn.  centrifugal 
pump,  directly  coupled  to  a  30-hp. 
induction  motor  running  at  1140 
r.p.ni..  and  forced  through  120  two- 
inch  spray  nozzle.s.  The  pump  house 
is  at  one  corner  of  the  cooling  pond  ; 
the  motor  is  controlled  from  the 
engine  room. 

The  pond  is  designed  to  cool  the 
water  for  a  total  of  3000  hp.  of  en 
gines  with  a  vacuum  of  28  in.  at  tin 
condenser.  It  is  4  ft.  deep,  95  ft. 
wide  and  140  ft.  long/ and  contains 
on  the  average,  400,Q(i0  gal.  of  cool- 
ing water.  The  condenser  is  supplied 
with  water  from  lysuction  well  at  the 
end  of  the  pond"  nearest  the  power 
house.  A  suctijm  pipe  from  this  well 
runs  also  to  the  tire  pump,  so  that 
the  contents  of  the  cooling  pond  can 
be  used  for  fire  i)roteption. 

Throe  main  .spray  lines  branch  out 
from  a  M-in.  header  at  the  end  of 
the  pond  nearest  the  power  house. 
They  are  placed  25  ft.  apart  and  ex- 
tend lengthwise  of  the  pond.  At  12- 
ft.  intervals  the  center  spray  heads 
are  placed  on  the  branch  pipes,  there 
being  24.  Each  head  carries  five  2-in. 
spray  arms,  each  fitted  with  a  2-in. 
bronze  spray  nozzle,  witii  a  34-in. 
orifice.  A  gate  valve  is  placed  at  the 
head  of  each  branch  pipe,  and  any 
branch  (>f  nozzles  can  be  operated 
independently  of  the  others. 

A  pressure  of  5  lb.  is  maintained 
at  the  nozzles,  which  forces  the  water 
from  the  orifices  in  a  fine  spray. 
Each  group  of  nozzles  is  set  at  an 
angle  inclining  toward  the  center 
nozzle,  which  is  set  vertical,  so  that 
thi»  spi'ay  from   one   nozzle 


Make 

Corliss 

lire  &  .Sargent 

Portor-.\llon 

Ridi{»ay 


Size 

30x68x60" 

14x.-!2 

Sxia 

16x24 


icl  pur 


6(K) 
600 


I  70(1 
1  I4II 


I2x7Jxl2" 
12" 
11x20' 


Barometric 

Mereury 
Reilly 

Automalir 

Fleur  de  Lis 

Hnray 

Hnrnv 

Williamn 


Peed  water 
Ur  washiiiK 


imjiingei 


Manufacturers 
r,  *  C.  Cooper  Co. 
l'ro\  idetice  EngineerinK  Co. 
Sonlluvnrk   Foundry  &  Mn- 

liideway  ijynaino  &  Eii- 
(tine  Co. 

Kerr  Turbine  Co. 

(ietieral  Eieetrie  Co. 

Oi.neral  Eleelrie  Co. 

Cr.Hkc.r-Wliecl.T  Co 

Plait  Iron  Work.s  Co. 

Soulhwark  Foundry  *  Ma- 
chine Co. 

Southwark  Foundry  <!:  .Ma- 
chine Co. 

Buffalo  Forge  Co. 

Warren  Steam  Pump  Co, 

Morns   Maehine   Works 

HulT.il..  Fori;..  Co 

niil.iri  Steam  Moiler  Works, 
I)    M. 

Mphonae  Clistodis  Chimney 
Construction  Co. 

Soulliwark  Foundry  A-  Ma- 
.  I.ini.  Co 

n.il[iiaii  and  Maurer 

<;ri-.nni-Spi'nrer  Co. 

rarn.r  ,\ir  Condition  Co. 

Hoston  St^'am  Specialty  Co. 

Spray  Xojule  Co. 

Snr?y  Nojile  Co. 

*illinm.  r.auKo  Co. 
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against  that  from  the  opposite  nozzle,  which  assists  in 
breaking  up  the  water  into  still  finer  particles. 

A  feature  worthy  of  note  is  the  manner  in  which  the 
spray-nozzle  pump  is  piped,  for  water  can  be  taken  both 
from  the  condenser  hotwell  and  also  from  the  pond.  This 
permits  of  spraying  more  water  into  the  pond  than  is 
used  by  the  condenser.  This  is  desirable  during  the  hot 
summer  months,  when  the  circulating  water  can  be  cooled 
to  a  lower  temperature  by  jiumping  it  through  the  nozzles 
more  than  once. 


The  water  is  taken  from  the  hotwell  at  a  temperature  of 
100  deg.  F.,  and  returned  from  the  circulating  pump  at 
an  average  of  82  deg.  F.  in  summer.  The  temperature  of 
the  poud  water  in  winter  is  abaut  20  deg.  F.  above  that 
of  the  atmosphere.  In  the  fall  and  spring  months  the 
temperature  of  the  air  and  water  about  balance. 

The  writer  is  indebted  to  Thomas  R.  Almy,  master  me- 
chanic, under  whose  personal  direction  the  plant  was  in- 
stalled, for  data  pertaining  to  the  various  equipment. 


Horizontal  Baffles  in  Water  Tube  Boilers 


By  Albert  A.   I'akv 


,<YX0FS1S — Discussion  of  different  watjs  of  baffiiiig 
waier-tube  boilers,  the  objections  to  each  and  the  author's 
conclusions  from  his  own  experiments  as  to  how  and 
where  baffles  can  best  he  used. 

In  the  Sept.  3  issue  of  Power,  attention  was  called  to 
the  more  or  less  troublesome  horizontal  baffles,  commonly 
used  in  water-tube  boilers.  Mention  was  made  of  the  bad 
effect  on  economy  (and  capacity  might  also  be  added) 
when  holes  occur  through  these  baffles,  due  to  their  being 
cither  displaced  or  broken.  The  falling  off  in  boiler  per- 
formance, if  they  are  removed,  was  also  pointed  out,  and 
thus  they  remain,  one  of  the  necessary  evils  of  the  water- 


these  hot  moving  gases  have  no  chance  to  flow  over  those 
parts  of  the  tubes  immediately  above  the  lower  baffle  and 
below  the  upper  baffle  and  thus  two  stagnant  pools  of  gas 
having  little  or  no  motion  are  found  in  these  trouble- 
some corners.  As  there  are  no  fresh,  active  streams  of 
hot  furnace  gases  flowing  through  these  pockets,  the  gas 
found  there  has  very  little  additional  supply  of  heat  to 
replace  the  heat  which  has  been  abstracted  by  the  tubes 
it  bathes  and  consequently  its  temperature  drops,  thus 
making  this  part  of  the  heating  surface  correspondingly 
less  effective. 

In  three  tests  made  by  the  writer  to  determine  the  tem- 
peratures existing  throughout  boilers  of  this  type,  which 
were  equipped  with  but  fairly  tight  horizontal  baffle* 
placed  similar  to  the  arrangement  shown  in  Fig.  1,  he 
found  the  following  results : 


Fig.  1. 


Arraxgemext  of  Horizontal  Baffles  ix 
Water-tube  Boiler 


tube  boiler.  How  and  where  baffles  can  be  used  to  the 
best  advantage  in  this  type  of  boiler  has  been  made  a 
serious  study  by  the  writer. 

When  a  solid  baffle  closes  the  openings  between  the 
tubes,  the  hot  gases  from  the  fire  are  deflected  or  else 
are  caused  to  flow  along  beneath  them.  If  solid  baffles  are 
arranged  as  in  Fig.  1,  these  gases  run  toward  the  rear 
of  the  boiler,  under  the  lower  row  of  tubes  (and  baffles) 
until  they  reach  the  opening  near  the  vertical  flame  plate. 
They  then  flow  upward  through  the  bank  of  tubes,  tak- 
ing the  shortest  path,  and  escape  through  the  opening  at 
the  top  of  the  first  pass  between  the  end  of  the  tipper 
baffling  (placed  upon  the  top  row  of  tubes)  and  the  front 
header.     By  taking  this  direct  path  of  least  resistance. 


Temperature  of  gases  entering  end  of  lower  baffle.. 

Temperature  above  lower  baffle 

Temperature  of  flowing  gases  leaving  top  of  tubes. 
Temperature  beneatn  top  baffle 


Degrees  Fahrenheit 
No.  1        No.  2       No.  3 
2640  2580  2020 

980  960  745 

680  660  605 

510  490  430 


In  testing  a  water-tube  boiler  with  horizontal  baffling 
placed  along  the  lower  row  of  tubes  and  carrying  the 
gases  to  the  rear  end  of  the  boiler,  he  found 

Temperature    of    gases    entering    the    openings    be- 
tween  the   lower  row   of    tubes 2010   deg. 

Temperature  above  front  end  of  baffle 420   deg. 

The  loss  in  heat  transmitted  is,  unfortunately,  not 
limited  by  the  loss  in  temperature  found  in  these  dead 
spaces.  A  vessel  containing  water  can  have  the  tempera- 
ture of  its  contents  raised  to  the  boiling  point  very 
much  quicker  when  it  is  heated  by  the  rushing  flame 
from  a  blast  lamp  than  when  it  has  a  quiet  flame  of  equal 
temperature  applied  to  its  bottom.  The  rapidly  moving 
gas  flame  passing  over  the  heating  surface  with  consider- 
able velocity  tends  to  decrease  the  film  resistance  which 
opposes  the  rapid  transmission  of  heat.  Thus  a  more 
rapid  transmission  of  heat  can  be  expected  where  the  hot 
furnaces  gases  are  constantly  moving  over  the  heating 
surfaces  than  when  they  are  surrounded  with  an  almost 
motionless  envelope  of  gas. 

The  draft  area,  between  the  tubes  in  the  type  of  water- 
tube  boiler,  shown  in  Fig.  1,  is  disproportionately  large, 
especially  for  a  fuel  containing  volatile  matter.  Usually 
this  free  draftway  is  almost  43  per  cent,  of  the  grate 
area.  By  comparing  this  draft  area  with  that  ordinarily 
found  in  horizontal  tubular  boilers  (through  the  tubes) 
the  difference  is  quite  striking. 

When  the  volatile  gases  are  di.stilled  from  a  fresb 
charge  of  bituminous  coal,  with  the  grate  under  the  first 
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pass  of  a  water-tube  boiler  not  equipped  with  baffles,  these 
gases,  finding  such  a  free  path  of  escape  among  the  tubes, 
rush  upward,  out  of  the  hot  furnace,  and  are  in  the 
center  of  the  bank  of  tubes  above  before  they  liave  time 
to  complete  their  combustion.  As  the  temperature  of 
these  tubes  is  seldom  above  365  deg.  F.  and  as  combus- 
tion ceases  when  these  gases  are  chilled  below  1400  deg. 
¥.,  much  of  their  available  heat  is  lost,  due  to  suppressed 
combustion,  and  smoky  chimneys  are  likely  under  these 
conditions. 

Partly  closing  the  openings  between  the  tubes,  so  as 
to  decrease  the  draft  area,  opposes  greater  resistance  to 


Fig.  2.   Author's  Simccial  Foi:m 
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the  free  escape  of  the  unburued  gases  generated  in  the 
furnace  and  better  results  may  be  looked  for. 

Theoretically,  all  the  furnaces  gases  should  be  com- 
pletely consumed  in  the  furnace  and  its  combustion  cham- 
ber before  they  enter  the  boiler  where  the  surrounding 
chilly  surfaces  will  lower  their  temperature  below  their 
critical  temperature  of  combustion.  Thus  the  need  of 
some  form  of  baffle  to  secure  conditions  which  approach 
this  theoretical  requirement,  becomes  apparent. 

Evidently,  then,  horizontal  baffling  in  the  passage- 
ways of  the  furnace  gases  in  water-tube  boilers  has  two 
purposes:  to  guide  a  constantly  flowing  stream  of  hot 
gases  over  the  greatest  possible  area  of  the  boiler's  heat- 
ing surface,  and  to  promote  the  best  conditions  in  the 
furnace,  so  as  to  secure  the  most  complete  combustion 
of  the  gases  before  they  enter  the  chilling,  heat-absorbing 
surfaces  of  the  boiler. 

The  writer  has  experimented  with  various  arrange- 
ments and  forms  of  horizontal  bafflings  in  water-tube 
boilers,  using  both  the  pyrometer  and  gas  analysis  to 
determine  the  results  obtained  and  found  the  problem 
more  complicated  than  he  originally  anticipated. 

One  of  the  first  ways,  and  apparently  the  simplest,  to 
overcome  the  objections  cited  above,  was  to  place  the 
solid  baffles  on  the  tubes  so  that  a  space  would  be  left  be- 
tween their  ends,  which  allowed  the  furnace  gases  to  pass 
between  them.  This,  at  the  start,  showed  a  small  im- 
provement over  the  old,  solid  (end-to-end)  arrangement 
I  and  tests  were  made  with  even  spacing  between  the 
baffles  and  also  another  arrangement  was  tried  in  which 
different  distances  between  the  various  rows  of  baffles 
(running  from  side  to  side  of  the  boiler)  was  tried.  This 
iatter  arrangement  proved  tlie  most  satisfactory,  i)ut  in 
continuous  use  the  smaller  openings  soon  became  clogged 
with  dirt.  Further,  these  baffles  became  displaced  from 
using  the  steam-cleaning  pipe  and  due  to  other  causes, 
so  that  many  of  the  slit-like  openings  were  closed,  leaving 
undesirably  large  openings  between  the  ends  of  other  ad- 
joining baffles.  When  the  fire  was  forced,  the  burning 
gases  rushed  through  these  slits,  like  the  flame  of  a  blow 
pipe  and  impinged  at  .separated  spots  upon  the  tube  im- 


mediately above  and,  further,  the  ends  of  some  of  these 
baffles  on  the  lower  row   showed  evidences  of  fusing. 

Another  form  of  baffles  used  had  vertical  holes  cast 
through  their  center,  which  were  located  over  the  space 
iietween  the  tubes.  With  this  form  of  baffle,  the  blow- 
pipe action,  described  above,  when  the  fire  was  forced,  was 
even  more  apparent.  Some  of  the  holes  became  clogged 
with  dirt  and  breakage  through  the  holes  occurred. 

Failing  to  find  any  other  form  of  baffle  to  overcome 
these  troubles,  the  writer  invented  a  modified  form  of 
baffle  to  overcome  the  objections  he  had  found,  and  has 
been  allowed  a  United  States  patent  for  it.  As  it  becomes 
interesting  in  the  discussion  of  this  subject,  he  offers  the 
following  description : 

As  the  solid  form  of  baffle  proved  so  undesirable  this 
principle  of  complete  closure  of  the  openings  was  dis- 
carded, and  a  throttling  medium  was  chosen  instead, 
which  had  the  form  of  a  specially  shaped  refractory  brick, 
shown  in  Fig.  2. 

At  A,  Fig.  3,  it  will  be  seen  that  this  brick  is  easily 
introduced  into  the  bank  of  tubes,  by  passing  it  between 
any  two  adjacent  tubes.  It  can  then  be  turned,  as  at 
B,  and  finallv  drojiped  into  its  normal  position,  as  shown 
ate. 

Owing  to  the  tendency  of  this  lower  row  of  tubes  to 
bend  and  sag  it  is  generally  desirable  to  insert  such  a 
form  of  baffle  in  the  spaces  of  a  row  of  tubes  above.  This 
IS  easy  when  using  a  stick  or  pole  having  a  pin  projecting 


Fig.  3.    How  thk  Raitlks  Ark  Put  in  Place 

at  right  angles  to  its  axis  and  fastened  to  its  outer  end 
(the  opposite  end  of  the  pole  being  held  in  the  hand). 
With  this  projecting  pin  placed  in  the  central  hole  (which 
runs  lengthwise  through  the  brick)  the  brick  is  passed 
downward  (or  upward)  through  the  nest  of  tubes  until 
the  required  ])osition  is  reached,  when  the  brick  is  turned 
and  dro])pcd  between  the  tubes  where  required.  This  is 
illustrated  at  D.  Fig.  3. 

The  brick  is  held  in  ]}osition  between  the  tubes  by  four 
projecting  lugs,  which  hold  the  body  of  the  brick  (in 
some  cases  Y^  in.)  away  from  the  tube.  Thus,  in  certain 
cases,  instead  of  finding  a  3-in.  wide  opening  between  the 
unbaffled  tubes,  with  these  throttling  bricks  in  place,  there 
will  be  an  opening  of  only  V2  '"•  on  each  side  of  the 
bi'ick. 

With  the  free  draftway  between  the  tubes  thus  throt- 
tled, enough  hot  furnace  gases  are  passed  along  under  the 
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lower  I'ow  of  tubes  to  completely  bathe  the  rear  end  of 
the  tubes  in  the  first  pass,  while,  at  the  same  time,  suffi- 
cient gas  will  jiass  through  these  throttled  spaces,  be- 
tween the  tube  and  the  brick,  to  keep  a  mass  of  gas  fiow- 
mg  constantly  over  the  tubes  above  the  throttled  area. 

A  similar  elfect  is  ])roduced  under  the  top  row  of  baffles 
(as  shown  in  Fig.  1  )  where  the  diminished  openings  will 
allow  a  flow  of  hot  gases  between  the  sides  of  these  bricks 
aiid  the  tubes  sufficient  to  break  up  the  pocket  of  stag- 
]uuit.  motionless  gas.  At  the  same  time,  these  upper  throt- 
tling bricks  drive  enough  of  the  gases  forward  tt)  tlie 
front  end  of  these  tubes  to  surrouml  tlieiii  with  an  arlixe 
flowing  stream. 

The  top  row  of  baffling  brick  can  sometimes  be  placed 
to  better  advantage  on  the  second  row  of  tubes  from  the 
top.  so  that  during  the  time  of  cleaning,  men  can  walk 
over  the  top  tubes  witiioui  danger  of  dis])lacing  the  bricks 
below   their  feet. 

The  passing  of  hot  Inirning  ga.ses  through  the  dimin- 
ished opening  cannot  cause  a  blow-])ipe  effect  upon  the 
lubes  above,  when  the  furnace  is  forced,  and  as  this  thin 
stream  of  gas  has  water  on  one  side  to  rapidly  al)sorb 
its  heat,  the  effect  upon  the  solid  side  of  the  adjoining 
brick  surface  is  not  destructive. 

The  hole  running  lengthwise  through  the  brick  has 
another  object.  AVhen  a  solid  brick  is  quickly  heated,  its 
exterior  is  soon  raised  to  a  high  temperature,  while  time 
is  required  for  the  heat  to  penetrate  to  the  center  and  the 
reverse  is  true  in  sudden  cooling  (as  when  a  furnace  door 
is  opened).  This  causes  unequal  expansion  and  contrac- 
tion throughout  the  mass  and  solid  baffle  bricks  are  fre- 
quently broken,  due  to  this  cause.  The  hole  through  the 
center  of  this  throttling  brick  reduces  this  trouble. 

Expansion  and  contraction  of  the  tubes  themselves  as 


\>cll  as  their  spreading  or  drawing  together  are  cared  for 
liy  the  brick's  form  and  location.  The  side  lugs  rest 
iipon  the  upper  part  of  the  circumference  of  the  tubes  so 
that  any  diminishing  of  the  distance  between  the  cen- 
ters of  these  tubes  causes  the  whole  brick  to  rise,  thus 
avoiding  a  crushing  effect. 

A  straight-edge  laid  across  the  top  of  the  tubes  will 
siiow  that  the  whole  body  of  the  brick  is  below  this  level, 
and  thus  the  steam-Jet  pipe  can  be  u.?ed  for  blowing  off 
the  accumulated  du.st  without  interfering  with  the  bricks. 

The  furnace  element  of  this  problem  is  also  met  with 
this  throttling  brick,  as  most  of  the  gas  'distilled  from 
the  fuel  is  throttled  Ijack  in  the  hot  furnace,  beneatli 
the  baffles  and  to  secure  the  same  effect  as  is  obtained 
l)y  solid  baffling,  a  longer  line  of  these  throttling  bricks 
mu,st  be  used,  due  to  the  designed  seepage  which  takes 
place  along  tlieir  entire  length.  Thus,  the  effect  of  a 
tire  arch  over  the  grates  is  more  nearly  approached,  which 
becomes  of  greater  \ahi('  as  the  combustible  volatile  mat- 
ter in  the  fuel   increases. 

These  throttling  bricks  properly  distributed  in  the  last 
pass  of  the  boiler  (as  in  Fig.  1)  will  cut  down  the  draft 
aicii  there,  causing  a  better  distribution  of  the  hot  gases 
(•\cr  the  entire  heating  surface,  followed  by  the  lower- 
ing of  the  temperature  of  the  escaping  gases,  thereby 
pronuiting  economy. 

The  rational  baffling  of  the  hot  gases  passing  through 
v.ater-tube  boilers,  unfortunately,  has  received  too  little 
careful  study.  Consequently,  many  of  the  baffles  used 
are  designed  with  little  other  thought  than  providing 
some  means  for  obstructing  the  flow  of  these  gases,  and 
the  consequences  following  their  misuse  are  seldom  con- 
sidered with  a  view  of  their  efl'ect  upon  the  efficiency 
and  capacity  of  iioth  the  boiler  am!  fui-naie. 


Deductions   from  Tests  on   Pipe  Fittings 


Sl'XOFSJS — .4  Jf-i>i-  ^^u'ivel  joint  on  a  stpain  pipelinf 
was  tested  as  originally  designed  and  a.?  reconstructed 
with  heavier  flanges  and  more  boUs  to  meet  the  require- 
menis  of  the  insurance  inspectors.  The  latter  arrange-* 
went,  hoicever,  proved  only  68  per  cent,  as  strong  as  the 
former,  due  largely  to  the  increased  diameter  of  the  holt 
circle  and  the  consequent  greater  leverage. 

Intere.sting  results  have  come  to  light  in  connection 
with  some  tests  of  pipe  fittings,  which  were  conducted  by 
a  corp(nation  on  fittings  made  in  its  own  foundry  for  its 
own  use.    The  tests  were  made  under  hydraulic  pressure. 

The  principal  test  was  that  of  a  4-in.  swivel  joint  used 
on  the  vertical  leg  of  a  steam  pipe  from  a  boiler,  to  allow 
the  easy  movement  of  the  main  steam  pipe  under  its 
natural  contraction  and  expansion.  Fig.  1  shows  this 
joint  in  elevation  and  section  as  arranged  for  testing.  It 
is  now  giving  satisfactory  service  under  a  working  pres- 
sure of  150  to  160  lb.  This  joint,  as  built  to  meet  the 
demands  of  the  insurance  in.spectors.  for  service  at  the 
same  pressure  is  shown  in  Fig.  2.  The  flanges  are  li/4 
in.  instead  of  %  in.;  the  base  is  1  in.  instead  of  %  in. 
and  the  gland  with  its  ring  has  eight  bolts  in  place  of 
four. 

Several  interesting  features  developed  during  the  tests 
of  these  two  joints.     At  700  to  800  lb.  pressure,  all  flat 


]iacking  blew  out  and  fV-iH-  -packing,  set  m  grooves  as 
shown,  became  necessary.  At  1100  lb.,  the  flange  on  the 
brass  sleeve  began  to  dish  ( as  shown  dotted.  Fig.  1 ) . 
King  B  remedied  this  trouble.  The  1%-in.  heads  also 
gave  way  at  this  pressure,  and  2-in.  heads  were  supplied. 
At  1500  lb.,  the  new  and  supposedly  stronger  joint  gave 
way,  cracking  the  cast-iron  ring  directly  over  the  split  in 
the  gland,  as  shown  in  Fig.  3.  The  bolts  adjacent  to 
the  split  were  overstressed  and  lengthened  while  the 
other  four  bolts  were  entirely  loose.  The  older  form  gave 
way  at  2200  lb.,  when  the  base  cracked,  as  is  shown  for 
two  tests  in  Fig.  4. 

This,  apparently,  does  not  admit  of  exact  calculation. 
It  may  not  be  amiss,  however,  to  inquire  somewhat  into 
the  failure,  and  draw  some  conclusions  therefrom. 

In  the  first  place,  let  it  be  noted  that  both  the  base  and 
gland  bolts  were  smaller  than  constitute  standard  prac- 
tice for  this  working  pressure.  The  stress  in  bolts  of 
these  sizes  (%  in.  and  \^  in.),  caused  by  the  force  neces- 
sary to  make  the  joint  tight,  reduces  the  factor  of  safety 
\  cry  materially ;  in  fact,  experiments  along  this  line  lead 
to  the  belief  that  it  is  considerably  below  two,  the  ad- 
ditional stress  resulting  from  the  pressure  not  being  con- 
sidered at  all. 

Figs.  3  and  5  show  in  plan  the  split  gland  and  bolts  of 
both  the  old  and  the  rebuilt  joints.     The  pressure  on  the 
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.'■haded  areas,  iii  uaeli  case,  is  supiJorted  by  the  two  bolts 
adjacent  to  the  .split.  In  the  rebuilt  joint,  each  of  these 
bolts  is  a.ssumed  to  carry  one-sixth  the  total  pressure  load, 
the  break  showing  that  these  bolts  were  stressed  beyond 
the  others.  The  line  AB  represents,  in  each  case,  the- 
center  line, of  the  pressure  and  CD  the  center  line  of  the 


These  tests  and  the  results  therefrom  merit  considera- 
tion from  several  points  of  view.  In  the  first  place,  un- 
der 150  to  160  lb.  working  pressure,  the  system  lias  a 
factor  of  safety  of  5.  It  is  no  stronger  than  its  weakest 
part,  the  packing,  whicb  could  not  be  made  to  withstand 
over  700  to  800  lb.     Manufacturers  of  fittings  recognize 
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resisting  bolt  pull.  The  eccentricity  of  the  load,  nearly 
double  in  the  rebuilt  joint,  would  seem  to  account  for 
the  failure,  the  bolts  nearest  the  split  lengthening  and 
allowing  the  ring  to  give  way. 

Other  tests  by  the  same  corporation,  on  its  own  high- 
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lircssurc  (ittiiigs,  gave  the  following  results:  A  cast-iron 
flanged  tee  gave  way  at  l.SOO  lb.,  and  a  flanged  elbow  at 
V30()  lb.,  the  failure  in  both  ca.ses  being  due  to  the  flanges. 
Four-inch  standard  weigh!  wrought-iroii  i)ipe  gave  way  at 
IfiOO  lb.  \  threadi'd  brass  elbow  began  to  leak  at  2200 
lb.,  and  at  33(1(1  lb.  became  so  badly  distorted  that  the 
Jiressure  rould  not  be  held. 


this  in  specifying  grooved  and  lipped  fianges  on  all  extra- 
heavy  work.  The  next  weakest  parts,  the  flanges  on  the 
sleeves  and  heads,  have  the  very  reasonable  factor  of 
safety  of  T. 

Mdi'covcr.  the  joint  was  rcluiilt  upon  the  refusal  of  the 
insurance  companies  to  accejjt  the  risk  as  installed  and, 
in  the  new  form,  met  all  their  requirements.  Yet,  iipon 
test,  it  developed  only  ()S  ])er  cent,  of  the  strength  of 
the  original  joint. 

The  nu)st  careful  study  is  necessary  to  prediei  the  l)e- 
havior  of  a  new  design.  Jn  this  ease,  notwithstanding 
tlie  fact  that  the  base  and  its  top-flange  were  thickened, 
and  the  number  of  gland  bolts  doubled,  this  added 
strength  was  lost  in  the  increase  of  the  bolt  circle. 


Whal  i.s  said  to  be  Ihe  largest  cable  in  the  WDild  wa? 
tested  recently  in  the  SOO.OOO-lb.  testing  machine  nf  the  Fritz 
Engineerinc  Laboratory.  Lehigh  tJniversity.  South  Bethle- 
hem. I'enn..  when  it  withstood  a  pull  of  364  tons  before 
breaking.  The  cable  consists  of  six  strands,  each  of  19 
wires,  twisted  around  aii  independent  wire-rope  center,  this 
center  having  six  strands  of  19  wires  each,  twisted  aroand  a 
hemp  core.  The  finished  cable  was  7810  ft.  long  and  weighed 
125.36(1  lb.  It  is  used  by  the  Spanish-,\merican  Iron  Co.  in 
Cuba  to  lower  wagons  with  a  capacity  of  inn. 000  lb,  of  ore 
down    an    Inclined    plane    Ssnn    ft.    long.  —  "Mechanical    World." 


The  complexity  of  business  done  by  the  great  German 
electrical  manufacturing  concern,  the  Allgemeine  Elektric- 
itilts  Gesellschaft.  Is  shown  in  a  summary  of  the  annual  re- 
port printed  In  the  "A.  E.  G.  .lournal"  for  December.  1912. 
Out  of  the  business  profits,  a  dividend  of  14  per  cent,  will  be 
distributed  after  setting  aside  S.OOn.OOO  marks  as  a  contribu- 
tion to  the  reserve  fund  which  now  Is  increased  lo  half  the 
amount  of  the   share   capital. 
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Development  in  Marine  Condensers 


SYNOPSIS — Mr.  Weir  replies  to  Mr.  Morison's  criti- 
cism of  his  paper  and  depreciates  his  theory  concerning 
films  of  air  forming  around  the  tubes.  lie  is  a  firm  be- 
liever in  air  pnmps  and  thinks  that  an  e.rce.-<sire  vac- 
uum for  a  marine  turbine  costs  more  than  the  gain. 

In  Power  of  Jan.  '^^l,  an  article  on  the  above  subject 
by  William  Weir  before  the  Institution  of  Engineers 
and  Shipbuilders  in  Scotland,  was  published,  and  fol- 
lowing was  a  discussion  of  the  paper  by  D.  B.  Morisou, 
in  which  he  presented  a  new  theory  of  condensation. 
Mr.  Weir's  reply  to  this  discussion  may  be  of  general 
interest. 

In  the  first  place,  Mr.  Weir  objects  to  the  importance 
and  value  placed  on  Prof.  Weighton's  paper  of  1906.  The 
paper  in  question  dealt  with  the  comparative  perform- 
ances of  two  condensers,  one  an  old-fashoned  rectangular 
condenser  of  small  size,  unrepresentative  of  practice  at 
that  date,  and  the  second  a  condenser  with  certain  spe- 
cial features  of  design.  The  trials  show  that  -the  new 
condenser  gave  a  better  performance  than  the  old  one. 
Professor  Weighton  and  Mr.  Morison  attributed  the  im- 
provements to  compartmental  drainage  of  the  feed  water, 
so  that  the  surfaces  in  the  lower  compartments  are  not 
impeded  in  their  condensing  action,  abolition  of  the 
steam  space  and  the  substitution  of  a  passage  of  such 
shape  and  section  as  to  secure  the  distribution  of  the 
steam  over  the  whole  length  of  the  tubes,  and  tubeless 
passages  connecting  the  compartments. 

The  correct  value  of  Professor  Weighton's  paper  can 
be  measured  by  the  extent  to  which  the  alleged  improve- 
ments have  been  embodied  in  modern  designs.  In  the 
last  four  years  Mr.  Weir  has  personally  been  associated 
with  the  design  of  condensers  for  about  nine  million 
horsepower,  embracing  the  most  important  examples  in 
marine  practice,  and  in  not  a  single  case  are  the  con- 
densers divided  into  compartments,  nor  are  they  sec- 
tionally  drained ;  they  have  all  more  or  less  a  steam  space, 
and  none  of  them  have  tubeless  passages.  Even  in  his 
own  recent  practice,  Mr.  Morison  does  not  appear  to  em- 
body these  particular  features  to  any  extent.  In  the 
1906  design  of  the  Contraflo  condenser,  section  drainage 
was  provided  for,  but  in  succeeding  designs  this  features 
has  been  gradually  eliminated.  The  factor  which  was 
really  responsible  for  the  better  performance  of  the  1906 
condenser  was  undoubtedly  the  increase  in  velocity  of 
flow  of  the  circulating  water  through  the  tubes. 

With  reference  to  Mr.  Morison's  remarks  regarding 
the  provisions  for  dealing  with  large  quantities  of  air 
leakage,  resulting  from  accidental  leakage  into  the  sys- 
tem, Mr.  Weir  had  had  no  experience  of  accidental  leak- 
age which  a  normal  air  pump  could  not  handle  satis- 
factorily until  the  accident  had  been  repaired,  and  in 
his  opinion  there  is  no  need  of  providing  air  pumps  to 
maintain  the  highest  degree  of  vacuum  under  other  ac- 
cidental conditions. 

In  the  attainment  of  high  vacua,  Mr.  Morisou  gave 
considerable  space  on  how  to  best  treat  the  small  quan- 
tity of  air  which  normally  enters  the  condenser  with  the 
steam,  and  incidentally  cited  some  experiments  carried 
out  by  J.  A.  Smith  to  determine  the  effect  of  air  on 
the  heat  transmission  through  a  condenser  tube.     It  was 


Mr.  Weir's  opinion  that  any  theory  or  practice  based  on 
these  experiments  would  l)e  absolutely  valueless,  as  the 
results  could  have  no  bearing  whatever  on  surface  con- 
denser design  or  practice.  Mr.  Morison  confirms  the  un- 
fortunate effect  of  these  results  when  he  states  that  a 
film  of  air  of  minute  thickness  has  a  degi'&diug  effect  on 
the  heat  transmission  of  a  condenser  tube.  In  the  first 
place,  there  are  no  films  of  air,  nor  are  there  any  films 
cf  steam  in  a  condenser.  There  is  a  mixture  of  air  and 
steam  or  air  and  aqueous  vapor,  each  occupying  the  whole 
Si-pace.  One  of  Mr.  Weir's  essentials  of  design  is  that  the 
steam  path  must  be  such  as  to  maintain  a  velocity  of 
steam  flow,  and  this  is  a  most  important  factor.  The 
relative  weights  of  steam  and  air  play  no  appreciable 
part  in  these  condenser  phenomena.  In  Mr.  Smith's  ex- 
periments the  steam  conditions  were  practically  static, 
and  the  flaw  in  Mr.  Morison's  theory  and  conclusion  is 
that  he  always  considers  a  condenser  in  a  static  condi- 
tion rather  than  in  a  working  condition.  The  effect  of 
air  in  a  working  surface  condenser,  is  not  iu  any  way 
due  to  a  resistance  imposed  on  heat  transmission  by  its 
presence  and  through  being  a  poor  heat  conductor,  but 
solely  and  simply  to  the  physical  conditions  of  tempera- 
ture and  pressure  caused  by  its  admixture  with  aqtieous 
vapor. 

In  a  working  condenser,  the  phenomenon  consists  of  a 
mass  of  cooling  surface  working  at  high  transmission 
rates  with  a  more  or  less  clearly  defined  air  zone  wherein 
the  total  transmission  per  square  foot  (not  per  degree 
difference  per  square  foot)  is  impaired,  due  to  the 
physical  conditions  of  temperature  and  pressure.  Ac- 
cordingly, if  the  essential  condition  of  uniform  steam 
flow  be  maintained  in  a  condenser  design,  the  contour 
of  the  condenser  becomes  a  wedge,  and  having  obtained 
that,  all  else  is  dependent  on  the  air  pump,  assuming 
fixed  circulating-water  conditions.  The  function  of  the 
air  pump  is  to  reduce  the  air-zone  level,  and  to  allow 
the  working  part  of  the  condenser  to  extend  itself,  and 
only  the  air  pump  can  perform  this  function. 

Mr.  Morison's  remarks  regarding  eddies  and  means  of 
preventing  air  particles  making  multiple  appearances  in 
any  one  plane  can  hardly  be  accepted  as  serious  when 
the  actual  velocities  are  remembered.  The  idea  of  an 
air  particle  "lingering"  in  a  modern  condenser  with  uni- 
form steam  flow  requires  a  great  effort  of  imagination. 
The  worst  eddies  in  a  condenser  are  those  caused  by  the 
tubes.  Any  other  eddy  trotibles  are  caused  by  the  pres- 
ence of  bafile-plates  or  deflectors,  such  as  were  advocated 
by  Mr.  Morison. 

In  reply  to  the  criticism  of  Mr.  Morison  concerning 
his  statement  that  in  reciprocating  marine  installations 
the  highest  attainable  vacuum  is  not  synonymous  with 
overall  economy,  Mr.  Weir  refers  to  the  diagram  ptib- 
lishedby  Sir  Charles  Parsons  in  the  early  days  of  the 
turbine,  showing  the  effect  of  vacua  on  the  steam  con- 
sumption. This  diagram  was  practically  reproduced  by 
Mr.  Morison,  and  is  probably  literally  correct,  but  is 
used  and  applied,  and  inferences  drawn  from  it,  in  a 
dangerous  and  misleading  manner.  The  diagram 
shows  the  effect  of  a  drop  of  2  in.  in  vacuum  from  29  in. 
on  the  steam  consumption  of  the  main  turbine.  Mr. 
Morison    ap])lies   this    commercially,    but    take    a    power 
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station  for  examjile;  money  is  not  expended  on  the  di- 
rect purchase  of  steam ;  it  is  coal  which  is  purchased. 
The  diagram  does  not  show  the  effect  of  the  vacuum 
drop  on  the  only  item  which  matters — the  coal.  The 
correction  for  the  higher  hotwell  temperature  and  the 
reduced  coct  for  circulating  water  for  the  2  in.  in  ques- 
tion is  a  very  important  matter,  but  is  completely  ig- 
nored by  Mr.  Morison.  As  the  effect  of  these  factors 
varies  according  to  the  type  of  installation  a  diagram 
has  been  prepared  and  presented  herewith,  showing  the 
necessary  corrections  for  two  conditions,  the  first  being 
a  power-station  condition  with  55  deg.  inlet  water  and 
electrically  driven  circulating  pumps;  the  second  condi- 
tion being  a  British  warship  with  steam-driven  circulat- 
ing pumps,  wherein  the  exhaust  is  led  to  the  low-pres- 
sure turbine,  and  not  to  the  feed  water.  As  may  be 
inferred  from  this  diagram,  Mr.  Morison's  figures,  in  the 
sense  in  which  he  asks  them  to  be  applied,  are  wrong 
to  the  extent  of  35  per  cent,  in  one  case  and  65  per 
cent,  in  the  other. 

Mr.  Weir  stated  that  his  firm  had   recently  supplied 
^ns  for  a  condensing  plant  to  a  foreign  navy  for  a 
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very  high-s])oed  cruiser,  wherein  the  vacuum  at  full 
power  is  27i/j  in.,  and  he  is  prepared  to  demonstrate  that 
this  will  be  the  best  vacuum  for  that  shi])  at  full  power. 
In  his  opinion  the  value  of  a  vacuum  over  2Si/^  in.  for 
marine  turbines  is  open  to  question.  Almost  cverytiiing 
in  engineering  is  a  compromise,  and  wliilr  (ni  the  (hic 
band  a  fair  percentage  of  im])rovemeii1  in  Ihc  steam 
consumption  might  bo  obtained,  on  the  otbrr  b;ind.  the 
increased  circulating-pum])  consumption,  tlir  iiicrcascd 
weight  and  space  for  air  aiul  circulating  punijis.  Ibc  in- 
creased weiglit  and  si)acc  of  the  main  conden.><ers.  the 
effect  of  reduced  hotwell  temperature,  the  increascfl 
weight  and  space  of  the  low-jjrossure  turbine  to  satis-' 
factorily  utilize  the  high  vacuum  must  be  considered, 
and,  in  the  end,  wo  may  come.  ])erhnps,  to  regard  even 
for  turbines  a  practical  limit  in  the  reduction  of  back 
pressure  as  desirable. 


New    Refractory   Cement 

The  H.  W.  -lohns-Manville  Co.,  New  York  City,  has 
recently  put  on  the  market  the  "J.-M  High  Temperature 
Cement  Xo.  31"  which,  it  is  said,  can  be  used  wherever 
temperatures  range  between  1500  deg.  and  3100  deg.  F. 

This  material  is  a  dry  powder  mixture  composed  of 
asbestos  and  other  materials.  It  is  mixed  with  water 
to  the  proper  consistency  by  adding  IS  to  20  lb.  of  water 
lo  100  lb.  of  powder. 

When  used  for  .setting  firebrick  for  boilers  and  fur- 
naces, lining  and  roofing  furnaces  of  various  kinds,  lin- 
ing fire-doors,  repairing  side  walls  of  furnaces,  making 
stay-nut  caps,  etc.,  it  is  said  to  have  considerable  nie- 
clianical  strength,  and  that,  when  air  dried,  it  will  with- 
stand a  crushing  strain  of  883.5  lb.  per  sq.iu.  It  vitrifies 
at  the  comparatively  low  temperature  of  1418  deg.  F. 
and  has  a  high  melting  point,  3182  deg.  F. 

Being  semi-acid  in  character,  it  can  be  used  with 
chrome  bricks,  silica  bricks  or  fireclay  bricks.  It  is 
claimed  that  experiments  with  this  cement  show  that 
it  can  be  successfully  used  in  building  doors  of  angle- 
iron  framework  without  backing,  or  for  making  one-piece 
linings  for  gas-  or  oil-l)urning  crucible  furnaces. 

Connellsville  Electrical    Plant 

The  Western  Maryland  Railway  Co.  has  been  making 
a  thorough  study  of  the  Western  Penn  Traction  &  Water 
Power  Co.'s  plant  at  Connellsville,  Penn.,  and  the  pro- 
posed hydro-electric  operations,  having  in  view  the  pos- 
sible use  of  power  from  this  plant  in  connection  with  the 
proposed  industries  at  Connellsville  and  other  points. 

Of  the  company's  development  operations,  Austin  Gal- 
lagher, its  industrial  commissioner,  says :  "This  com- 
I)any  has  at  the  present  time  a  steam  plant  at  Connells- 
ville with  52,000  hp.  capacity,  running  on  coal  costing 
about  a  dollar  a  ton,  which  it  is  expected  will  favorably 
compare  with  almost  any  hydro-electric  plant.  In  addi- 
tion to  the  power  now  possessed,  the  West  Penn  Co.  is 
preparing  to  put  in  three  dams  on  the  Cheat  River,  Va., 
which  will  produce  50,000  hp.  each — the  first  to  be  in 
operation  Jan.  1,  1!)1-1 — and  dams  will  be  built  on  Sandy 
Creek,  in  West  Virginia,  providing  more  power. 

"The  company  also  controls  the  falls  at  Ohiopyle, 
Penn.,  where  there  is  a  drop  of  110  ft.  in  a  very  short 
distance,  together  with  the  reservoir  rights  on  the  Yough- 
iogiuuiy  River,  so  that  ultimately  there  will  be  an  elec- 
tric i)ower  equal  to  250,000  or  300,000  hp.  that  can  be 
used  for  commercial  purjwses.  The  existing  power  is  be- 
ing carried  120  miles  to  Butler,  Penn.,  under  a  voltage 
of  22,000;  3000  hp.  is  being  conducted  28  miles  to  a 
large  coal-mining  company.  At  the  present  time.  110 
coal  mines,  consuming  200  to  5000  b]).  carh,  are  being 
supplied  from  this  plant.  Munici])al  wak-r-works  also 
are  being  operated  quit(>  freely  by  electricity  produced 
liy  this  company.  With  the  (>stablishment  of  the  hydro- 
ciectric  ])lants,  a  voltage  of  110,00(1  will  be  adopted  for 
long  distance," 

The  West  Penn  Co.  claiins  to  lie  selling  jiower  as  low 
as  any  other  plant  east  of  Ibc  Mississip])i  and  north  of 
the  Mason  and  Dixon  line,  and  this  dcvelo]iment  must  of 
lUH'cssity  become  the  center  of  a  wonderful  industrial 
growth,  as  these  plants  arc  located  in  the  midst  of  mil- 
lions of  tons  of  coal  thai  (an  be  clica])ly  mined. 
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Factor  of  Evaporation 


By  a.  a.  J'otter 


SYNOPSIS — The  teniatire  report  of  the  subcommiUee 
of  the  Committee  on  Tests  of  the  American  Society  of 
Mechanical  Engineers  recommends  the  calculation  of  the 
factor  of  evaporation  as  for  dry-saturated  steam,  and  the 
vse  of  a  correction  factor  for  departures  from  this  quality. 
The  author  considers  it  more  simple  and  logical  tu 
compute  the  heat  contents,  whatever  the  qualih/.  before 
dividing  by  .970.4  and  shows  simply  how  this  is  lu  be 
done  for  moist  or  superheated  steam. 

The  t'attor  of  evaporation  i.<  tliat  number  by  wliich  the 
water  evaporated  in  a  boiler  must  be  multiplied  in  order 
to  obtain  the  equivalent  evaporation  from  and  at  212  dejr. 
Thus  it  is  the  ratio  of  the  "heat  eontents"  of  one  pound 
of  steam  at  a  given  pressure,  reckoned  from  the  feed-water 
temperature,  to  the  latent  heat  cif  evaporation  of  steam  at 
212  deg. 

The  "heat  contents"  of  one  ])ound  of  steam  at  a  given 
pressure  is  equal  to  the  heat  of  the  li(|uid  (the  /(  of  the 
steam  tables)  plus  the  latent  heat  of  evaporation  at  that 
pressure  (the  L  of  the  steam  tables)  if  the  steam  is  dry. 
If  the  steam  is  wet,  the  latent  heat  of  evaporation  must 
be  multiplied  by  the  quality  of  the  steam  and  this  prod- 
uct added  to  the  heat  of  the  liquid  in  order  to  obtain  the 
heat  contents.  When  the  steam  is  superheated,  the  ])rod- 
uct  of  specific  heat  of  superheated  steam  by  the  number 
of  degrees  of  superheat  is  added  to  tjie  heat  contents  of 
dry  steam  at  the  given  pressure.  The  total  heat  contents 
of  a  pound  of  superheated  steam  may  be  found  in  some 
of  the  steam  tables  for  different  pressures  and  degrees  of 
superlieat. 

In  the  boiler  code  of  1912  submitted  in  the  ]ircliiniiiary 
report  of  the  power-test  committee  of  the  American  So- 
ciety of  Mechanical  Engineers  and  published  in  the  Xo- 
vember  issue  of  the  societj'^s  Journal,  the  method  for  cal- 
culating equivalent  evaporation  is  given  as  follows: 

"The  equivalent  evaporation  from  and  at  212  deg.  F. 
is   obtained   by   multiplying  the   weight   of   water   evap- 
orated, corrected  for  the  moisture  in  the  steam,  by  the 
factor  of  evaporation.     The  latter  etjuals 
H  ~  h 

in  which  R  and  /(  are  re.spectively  the  total  heat  of  satu- 
rated steam  and  of  feed  water  entering  the  boiler." 

The  method  for  correcting  for  moisture  in  the  steam 
is  given  as  follows: 

"When  the  percentage  is  less  than  2  per  cent.,  it  is  suffi- 
cient merely  to  deduct  the  percentage  from  the  weight 
of  the  water  fed.  If  the  percentage  is  greater  than  2 
per  cent,  or  if  extreme  accuracy  is  required  the  factor  of 
correction  eqttals 

\T  -h) 


Q  +  P 


(H  —  h) 


m  which  Q  is  the  quality  of  steam  (one  minus  the  decimal 
representing  the  percentage  of  moisture),  P  the  propor- 
tion of  moisture,  T  the  total  heat  of  the  water  at  the  tem- 
perature of  the  steam,  /;  the  total  heat  of  the  feed  water. 
and  H  the  total  heat  of  saturated  steam  of  the  given  tem- 
perature." 


To  calculate  the  equivalent  evaporation  by  deducting 
the  ])ercentage  of  moisture  from  the  feed  water  and  mul- 
tiplying the  remainder  by  the  factor,  of  evaporation  for 
dry  steam  is  inaccurate  and  should  be  used  only  in  ap- 
proximate calculations. 

In  the  process  of  .steam  generation,  heat  must  be  added 
to  the  feed  water  to  Ijring  its  temperature  up  to  the 
vaporization  temperature  at  a  given  pressure,  aud  when 
ibis  temperature  is  reached  the  additional  heat  required 
for  the  va]3orization  process,  or  the  latent  heat  of  evap- 
oration, depends  on  the  final  quality  of  the  steam.  Thus 
if  the  steam  is  :i  per  cent,  wet,  the  heat  required  tu  vapor- 
ize one  pound  of  water  at  a  pressure  of  150  lb.  abs.  is 
().!)7  times  8(53.2,  or  837.1. 

In  the  above  computation  (i.!)7  re])resents  the  quality 
of  the  steam,  or  one  minus  the  decimal  representing 
the  ]iercentage  of  moisture;  863.2  is  the  latent  heat  of 
evaporation  into  dry  steam  at  150  lb.  abs.,  or  the  heat 
required  to  vaporize  completely  one  pound  of  water  into 
steam  at  the  given  pressure.  The  value  u.sed  here  is  that 
given  in  the  Marks  and  Davis  steam  tables. 

To  obtain  the  heat  contents  of  one  pound  of  steam  at 
150  lb.  abs.  and  quality  0.97  dry,  the  heat  of  the  liquid, 
or  the  heal  rcipiired  to  bring  up  one  pound  of  water  from 
32  deg.  to  the  \aporizatioii  temperature  at  150  lb.  abs., 
must  be  added  to  .S37.1.     Tins  makes  the  heat  contents: 

837.1  -f  3:i().-^  =   1167.3  B.l.u. 

In  order  to  apjily  this  to  the  calculation  of  the  factor 
of  evaporation,  the  feed-water  temperature  must  also  be 
known.  If  this  temperature  is  taken  as  130  deg.,  the 
heat  of  the  liquid  corresponding  to  this  temperature, 
reckoned  from  32  deg.,  is  97.89.  Since  the  heat  of  evap- 
oration at  212  (leg.  is  970.4.  the  factor  of  evaporation,  is; 

1167.3  —  97.89 
97(1.4 

For  a  boiler  showing  an  evaporation  of  5000  lb.  <if 
water  per  hour,  the  equivalent  evaporation  from  and  at 
212  becomes : 

1.11   X  5000  =  5550  Ih. 
With  dry  steam,  aiul  other  i-onditions  the  same  as  given 
in  the  above  example,  the  factor  of  evaporation  is: 

863.2  -I-  330.2 


=  1.11 


at 


1.13 

12  deg.  woulc 


970.4 
The  equivalent  evaporation  from 
be: 

1.13  X  5000  =  5650  lb. 
If  the  temperature  of  the  steam  in  the  above  example  was 
450  deg.,  or  superlieated  : 

450  —  358.5  =  91.5  deg. 
the  factor  of  evaporation  becomes  in  this  case: 
863.2  -I-  330.2  -|-  0.57  X  91.5  —  97.89 


970.4 


1.18 


in  which  0.57  represents  the  .specific  heat  of  superheated 
steam  or  the  heat  in  British  thermal  units  required  to 
superheat  the  steam  one  degree  at  the  given  pressure  and 
temperature. 

The  equivalent  evaporation  in  this  case  is: 
1.18  X  5000  =  5900  lb. 
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Motors  and  Motor  Applications — III 

By  a.  B.  Mohhisox.  ,lii. 

DlIilXT-CURRENT  MOTORS 

The  coustruction  of  direct-current  motors  is  so  well 
understood  that  a  description  is  unnecessary ;  consequent- 
ly, only  their  operating  characteristics  will  be  considered. 
Direct-current  constant-speed  motors  are  of  the  shunt-  or 
compound-wound  type.  For  most  installations,  where  the 
voltage  is  approximately  constant,  the  shunt-wound  motor 
gives  more  nearly  constant  speed.  On  circuits  with  wide- 
ly varying  voltage,  the  compound-wound  motor  gives  bet- 
ter speed  regulation  than  the  shunt  wound,  and  more 
satisfactory  operation. 

The  ordinary  commercial  shunt  motor  will  develop  ap- 
]iroximately  225  per  cent,  of  full  load  torque  with  from 
IS.')  to  200  per  cent,  of  full  load  current.  Where  the 
starting  duty  is  heavy  a  compound  winding  is  used  by 
which  the  starting  torque  can  be  increased  to  250  per  cent, 
or  more,  depending  on  the  amount  of  compounding  with  a 
starting  current  of  200  per  cent,  of  full  load  current  or 
above.  Where  constant  speed  is  desirable  under  a  vary- 
ing load  the  compound  winding  can  be  cut  out  after  the 
motor  is  up  to  speed. 

There  is  one  peculiarity  of  a  shunt-wound  motor  as 
commonly  used  which  is  not  always  recognized.  When  the 
motor  is  operating  "cold"  (before  the  load  has  been  on 
long  enough  for  the  motor  to  warm  up)  the  speed  is  from 
4  to  5  per  cent,  lower  than  after  the  motor  is  warm.  This 
is  due  to  the  lower  resistance  of  the  fields  when  cold.  In 
the  case  of  centrifugal  pumps  particularly,  where  a  given 
constant  speed  may  be  essential,  the  failure  of  the  motor 
to  run  at  rated  speed  when  cold  may  cause  the  pump 
lo  fail  to  pick  up,  whereas,  if  the  pump  picks  up  with  the 
motor  cold  the  increa.sed  speed  when  the  motor  is  hot  nuiy 
overload  it.  This  peculiarity  should  be  recognized  and 
suitable  provision  made  for  it  either  in  the  pump  itself 
or  in  a  device  by  which  the  s]tccd  of  the  motor  can  be 
changed  slightly. 

Between  no  load  and  full  load  tlii'  ordinary  shunt  motor 
without  interpoles  will  dro])  fi-om  4  to  5  per  cent,  in 
speed.  With  interpoles  the  drop  can  be  practically  elimi- 
nated or  the  speed  even  increased  slightly  under  load. 
With  a  variation  in  line  voltage  the  s])eed  of  the  motor 
\aries  proportionately  to  the  voltage,  but  not  directly  so. 
For  instance,  with  a  motor  running  on  230  volts,  a  drop 
in  voltage  to  220  volts  will  not  cause  the  speed  to  be  ||X 
or  !t5.5  per  cent,  of  what  it  was  at  230  volts,  but  the 
ilrop  in  speed  will  be  about  70  per  cent,  of  the  voltage 
drop,  or,  in  this  case,  the  dro|)  in  s])ecfl  will  be 
(110  —   95.5)    X    0.70    =    3   per  cent.,   approximatply. 

Skriks  Motohs 

Series  motors  are  nearly  all  used  with  hand  control, 
where  the  operator  can  watch  the  work,  as  the  speed  varies 
widely  under  load  depending  upon  the  torque  demanded 
ami   if  the  load   is  thrown  off  the  motor  will   run  awav. 


The  application  of  a  series-wound  motor  is  usually  very 
special.  In  general,  the  placing  of  a  series  winding  on 
a  shunt  motor  makes  the  speed  vary  widely  under  load,  so 
that  if  heavy  starting  torque  is  essential,  and  inherent 
speed  regulation  is  desired  after  the  motor  is  operating, 
the  series  winding  must  be  cut  out  after  the  motor  is  up 
to  speed. 

For  variable-speed  work  the  direct-current  motor  is  pre- 
eminent. Speed  control  can  be  obtained  by  the  inser- 
tion of  resistance  in  series  witli  the  motor,  this  arma- 
ture resistance  producing  a  reduction  in  speed  with  con- 
stant torque.  The  objections  to  this  method  of  control 
as  regards  unstable  speed  as  the  load  varies,  the  size  of 
control  equipment  and  poor  economy  are  the  same  as 
mentioned  under  the  variable-speed,  alternating-current 
wound-rotor  motor  with  resistance  in  the  secondary  cir- 
cuit. By  varying  the  field  resistance,  however,  a  constant 
horsepower,  variable  torque  motor  is  produced  with  speed 
variations  as  high  as  six  to  one.  At  any  given  speed  the 
drop  from  no  load  to  full  load  is  very  slight. 

The  characteristics  of  an  adjustable  speed  motor,  aside 
from  the  speed  features,  are  similar  to  the  nonadjustable 
type.  The  horsepower  rating  of  the  motor  is  usually  the 
same  at  all  speeds.  This,  however,  may  not  be  strictly 
true  as  at  the  lowest  speed  the  rating  may  have  to  be  de- 
creased due  to  the  ])oorer  ventilation  and  consequently 
greater  heating.  In  applying  an  adjustable  speed  motor 
it  should  be  remembered  that  the  size  and  consequently 
the  cost  are  directly  dependent  on  the  horsepower  de- 
veloped at  the  lowest  speed.  For  instance,  suppose  the 
application  requires  a  •")-li]i.  iimloi-  with  a  sjieed  range  of 
from  200  to  1200  r.p.ni.  This  motor  must,  of  course,  be 
large  enough  to  develop  its  rated  horsepower  at  the  low- 
est speed  of  200  r.p.ni.  If,  however,  the  speed  range  could 
be  decreased  from  300  to  1200  the  motor  would  only  have 
to  develop  its  rating  at  300  r.ji.m.  or  would  need  to  be  ap 
proximately  only  ?<{  as  large.  In  many  ap])lications  the 
motor  runs  at  the  lowest  speeds  only  very  intermittently 
and  the  horsepower  required  is  less  than  that  at  liigher 
speeds.  In  such  ca-ses  a  very  considerable  saving  in  first 
cost  and  size  of  motor  can  often  be  made  by  using  field 
control  down  to  a  certain  point  and  ai-matnre  control  for 
the  lowest  speeds. 

There  are  several  other  methods  of  obtaining  adjustable 
speed  in  motors,  but  the  (ield-control  inclliod  is  the  most 
widely  used  and  probably  the  best  for  most  installations, 
^[ultiple-voltage  systems  where  dilTerent  voltages  can  be 
applied  to  the  motor  can  lie  utilized  in  some  cases,  but 
usually  only  one  voltage  is  available. 

Comparing  the  direct-current  motor  with  the  multi- 
pha.><e-induction  type,  the  fornu^r,  for  constant-speed 
work,  possesses  the  great  disadvantage  of  a  commutator 
with  constant  attention  necessary.  Therefore,  wherever 
possible  to  u.se  it,  the  niulti|)hase-induction  motor  is  pre- 
ferable on  account  of  simplicity  and  less  liability  to  give 
trouble.  Where  adjustable  sjieed  is  re(|uired.  however, 
the  direct-current  motor  is  bv   far  tiic   lietter. 
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Applications 
Wherever  possible,  -n-ood-workiiig  machines  should  be 
driven  by  alternating-current,  squirrel-cage  motors.  The 
principal  reasons  for  this  are  because  of  the  inflammable 
nature  of  the  material ;  the  direct-current  open  motor 
with  sparking  commutator  might  be  a  serious  risk  because 
of  the  large  amount  of  dust  and  dirt  which  is  always 
present.  There  is  an  additional  reason  in  that  wood- 
working machines  are  inherently  high  speed  and  prac- 
tically all  constant  speed,  so  that  a  high-speed  induc- 
tion motor  is  particularly  applicable,  whereas  the  same 
speed  on  a  direct-current  motor  might  cause  commuta- 
tion troubles.  Where  direct-current  motors  must  be  used 
they  should  be  totally  inclosed  and  compound  wound, 
because  under  the  fluctuating  load  which  occurs  with 
every  wood-working  machine  while  it  is  running  under 
load,  compound-wound  motors  give  better  service  than 
shunt  wound. 

MeTAL-WORKIXC.   ilACHIXERY 

In  the  case  of  the  metal-working  machinery  the  condi- 
tions differ  so  that  no  one  type  of  motor  can  be  said  to 
be  best  suited  to  all  conditions.  Dust  and  dirt  are  not  so 
prevalent  as  in  wood-working  plants  and  the  materials 
used  are  not  inflammable.  The  question  as  to  the  proper 
type  of  motor,  therefore,  depends  largely  upon  local  con- 
ditions. Where  the  tools  are  small  and  group  driven  and 
where  the  speeds  are  not  changed  frequently,  the  induc- 
tion motor  oilers  the  advantages  previously  set  forth — 
simplicity'  and  ruggedness.  However,  there  are  many 
tools,  such  as  large  lathes,  where  the  speed  is  frequently 
changed  and  where  the  output  depends  largely  on  the 
facility  with  which  the  operator  can  adjust  the  speed  to 
meet  the  conditions.  In  such  cases  the  direct-current,  ad- 
justable-speed motor  is  best. 

With  lathes,  boring  mills,  drills  and  similar  machinery, 
shunt-wound,  direct-current  motors  and  squirrel-cage,  al- 
ternating-current motors  are  satisfactory.  With  planers, 
rolls,  bulldozers,  etc.,  compound-wound  motors  are  more 
satisfactory  if  direct  current  is  used  and  wound-rotor 
motors  if  alternating  current.  With  planers,  where  the 
horsepower  for  reversing  is  much  greater  than  for  the 
actual  cutting  stroke  and  for  punches,  presses  and  sim- 
ilar machines  where  violent  overloads  occur  a  flj-wheel 
should  be  installed  wherever  possible. 

Pumps 

For  present  purpo-ses  pumps  may  be  divided  into  re- 
ciprocating and  centrifugal  types.  In  the  former  the 
amount  of  water  pumped  per  revolution  of  the  crank- 
shaft is  constant,  barring  slippage,  being  due  to  the  posi- 
tive displacement  of  the  water  by  a  plunger  or  piston. 
Any  increase  in  pressure  increases  directly  the  work  to 
be  done.  'Uliere  alternating  current  is  used  a  wound- 
rotor  motor  is  preferable,  where  the  motor  starts  under 
load,  and  a  compound-wound  motor  where  direct  current 
is  used. 

Rotary  pumps  are  of  comparatively  small  size  and  may 
be  classed  as  reciprocating  pumps  so  far  as  motor  appli- 
cation is  concerned  as  they  produce  a  positive  displace- 
ment of  the  fluid  by  means  of  rotating  cams. 

In  centrifugal  or  turbine  pumps  the  pressure  developed 
is  proportional,  theoretically,  to  the  square  of  the  speed, 
and  the  volume  of  water  discharged  is  proportional  to 
the  speed ;  hence  the  horsepower  required  varies  as  the 


cube  of  the  speed.  A  reduction  in  head  tends  to  over- 
load the  motor  and  with  some  types  of  pumps  the  break- 
ing of  a  discliarge  pipe  close  to  the  pump,  for  instance, 
would  overload  the  motor  dangerously.  A  motor  to  drive 
a  centrifugal  pump,  therefore,  should  be  large  enough  to 
take  care  of  any  load  thrown  upon  it  by  an  increase  in 
speed  or  a  decrease  in  head,  and  should  be  protected, 
either  by  some  protective  device  or  by  the  design  of  the 
pump  itself,  from  excessive  overload  if  the  discharge  line 
breaks.  Centrifugal  pumps  require  low  starting  torque 
and  even  when  running  with  discharge  valve  closed  re- 
quire only  about  35  per  cent,  of  normal  power. 

Fans,  Blowers  axd  Compressors 

Fans  are  more  or  less  like  centrifugal  pumps  in  their 
action  in  regard  to  power  requirements.  As  the  head  is 
decreased  the  power  increases,  and  similarly  as  the  speed 
increases  the  power  required  goes  up  as  the  cube  of  the 
speed.  Hence,  it  is  important  to  make  sure  that  the  op- 
erating conditions  are  thoroughly  understood  and  that  the 
motor  is  of  the  proper  size.  Speed  regulation,  as  in  the 
case  of  centrifugal  pumps,  is  also  important. 

Some  blowers  produce  their  pressure  by  means  of  ro- 
tating cams  so  that  their  behavior  is  unlike  that  of  fans 
since  the  volume  displaced  per  revolution  is  fixed  re- 
gardless of  the  pressure.  Any  decrease  in  pressure  de- 
creases the  load  and  vice  rersa.  Both  fans  and  blowers 
start  without  load. 

Compressors  of  the  reciprocating  type  present  no  espe- 
cial difficulty  in  applying  motor  drive.  Large  compressors 
are  often  driven  direct  by  synchronous  motors  with  the 
rotor  pressed  direct  on  compressor  shaft.  In  this  case 
the  compressor  is  provided  with  some  form  of  bypass  or 
unloading  device  so  that  no  trouble  is  experienced  in 
starting. 

While  cases  might  be  multiplied  indefinitely  showing 
the  application  of  motors  to  certain  types  of  machinery 
yet  the  foregoing  illustrate  the  way  in  which  these  re- 
quirements vary,  due  to  the  character  of  the  work.  In  at- 
tacking any  motor-drive  problem  the  first  essential  is  to 
know  the  individual  peculiarities  of  the  driven  machines, 
how  they  operate  and  just  what  will  be  expected  of  them. 
The  question  as  to  kind  of  current  is  determined  not  only 
by  the  machine  itself  but  by  the  conditions  existing  at  the 
plant,  whether  current  is  to  be  purchased  or  generated 
and  whether  a  choice  is  available  or  the  kind  of  current 
is  fLxed.  From  the  general  conditions  of  the  plant  a 
choice  can  usually  be  made  as  to  the  general  type  of 
motor  to  install.  Then  each  individual  motor  drive  should 
be  taken  up  as  a  separate  problem  so  far  as  possible.  The 
estimate  first  made  may  have  to  be  modified  as  the  work 
progresses  or  additional  data  are  given.  While  it  is  abso- 
lutely essential  that  a  motor  should  be  amply  large  to 
handle  the  work,  yet  if  it  is  too  large  the  operating  effi- 
ciency is  lower,  the  first  cost  greater  than  it  should  be  and 
in  the  case  of  alternating  current  the  power  factor  is  low- 
ered ;  hence  overmotoring  is  to  be  avoided.  Furthermore, 
no  matter  how  well  the  motor  is  adapted  for  the  work, 
it  must  be  properly  installed  and  properly  cared  for  after 
installation  or  it  will  not  ffive  satisfaction. 


The  machintTv  building  of  the  Panama-Pacific  exposition, 
at  San  Francisco.  Calif.,  which  was  put  under  construction  on 
Jan.  1,  1913.  wiU  be  the  largrest  frame  building:  in  the  world, 
according-  to  its  architect.  Clarence  Ward.  It  will  require 
8.000,000   ft.   of  lumber,   it  is   stated. 
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Handy  Wiring   Computer 

Electrical  engineers  and  wirenien  will  ai)preciate  a 
handy  wiring  computer  which  is  being  furnished  free 
upon  request  by  the  Simplex  Wire  &  Cable  Co.,  of  201 
Devonshire  St.,  Boston. 

The  computer  is  mounted  on  stiff,  thick  celluloid  of  a 
<'onvenient  pocket  size,  and  consists  of  a  circular  slide 
rule  particularly   adapted  for  wiring  calculations. 

The  size  of  a  wire,  B.  &  S.  gage,  is  readily  determined 
by  setting  the  disk  to  correspond  to  a  given  distance  of 
distribution  for  a  desired  voltage  drop  and  the  current 
which  the  wire  is  to  carry ;  or  given  the  size,  B.  &  S. 
^age,  the  current  to  be  carried  and  the  distance  of  trans- 
mission may  be  found.  The  resulting  voltage  drop  may 
be  read  directly  upon  the  computer.  In  like  manner,  the 
current  may  be  found  at  one  setting  for  a  desired  volt- 
age drop  with  a  definite  sized  wire  and  distance  of  trans- 
mis.-^ion.  Finally,  the  distance  to  correspond  to  specific 
conditions  of  voltage  drop,  the  current,  and  size  of  wire 
may  be  found  by  a  single  setting  of  the  disk.  The  set- 
ting of  the  disk  is  very  simple  and  directions  for  at- 
taining these  four  different  results  are  given  explicitly 
at  the  foot  of  the  card.  Much  laborious  figuring  is  thus 
avoided  by  its  use.  On  the  reverse  side  of  the  pocket 
card  are  handy  tables  of  wiring  data  and  a  table  of 
decimal  equivalents  of  fractions  of  an  inch. 


Reversed  Polarity 

I  ffap  interested  in  the  account  of  a  reversal  of  polarity, 
by  Mr.  Gibbeney  in  the  Jan.  14  issue.  Xo  mention  was 
made,  however,  of  the  kind  of  field  employed  or  the  nature 
of  the  load  at  the  time. 

As  the  machines  were  not  running  in  multiple  and  i* 
does  not  seem  from  the  account  that  anv  switch  or  cir- 


cuit-lireakcr  had  been  so  suddordy  opened  as  to  cause  re- 
versal by  induction,  I  assume  the  generator  to  iuive  been 
carrying  a  motor  load  and  that  it  had  series  or  heavily 
compounded  fields,  possibly  running  at  the  tinic  with 
considerable  resistance  cut  in  the  shunt  licbl  cliruit. 
Under  either  of  these  conditions  the  following  explana- 
tion, in  conjunction  with  the  two  diagrams,  would  ex- 
plain one  likely  cause  of  such  a   reversal. 

Fig.  1  shows  a  series  generator  or  the  series  winding 
of  a  com[)ound-wouiid  generator,  coiiiieited  to  a  shunt- 
■vvoiind  motor.  Oraiited  a  sudden  decrease  in  the  speed 
of  the  engine  as  stated,  if  tlie  nature  of  the  load  was 
such   that    the   iiKiiiiciil  mii   of   the   machines   carried   the 


motors  over  a  few  revolutions  as  a  generator  (say  street- 
car or  elevator  service),  the  motors  acting  as  generators 
would  send  a  current  in  the  reverse  direction  to  the  gen- 
erator and  reverse  the  direction  of  magnetism  in  the 
field  and  the  generator  w-ould  act  momentarily  as  a  motor 
against  the  pull  of  the  engine. 

It  will  be  noticed  from  the  diagrams  that  the  direction 
of  magnetism  in  the  motor  field  is  not  reversed,  as  would 
be  the  case  if  the  reversal  of  polarity  was  caused  primarily 
by  the  generator. 

I  would  like  to  hear  whether  the  conilitions  were  as  as- 
sumed  in   regard  to   the   windings   and   load. 

William  C.  Thorne. 

Wineland,  X.  J. 

Voltage  across  a  Lamp 

A  statement  that  seems  to  be  believed  by  many  is  that 
v.'heii  either  two  110-volt  lamps  are  placed  in  series 
across  a  220-volt  circuit  or  five  in  series  on  550  volts,  if 
one  of  the  lamps  is  removed  and  something  else  sub- 
stituted in  its  place  there  will  .still  be  110  volts  across 
whatever  has  replaced  the  lamji.  no  matter  what  its  re- 
sistance may  be. 

The  writer  once  heard  such  an  argument  between  a 
dynamo  tender,  who  knew  better,  and  a  repairman  who 
did  not.  They  were  working  in  an  electric-railway  power 
station,  the  voltage  was  about  550.  Nevertheless,  the 
repairman  insisted  that  if  he  removed  one  of  the  lamps 
from  a  cluster  of  five  in  series  and  himself  bridged  the 
gap  he  would  get  a  shock  from  only  110  volts. 

The  dynamo  man  did  not  agree  with  him  but  was  will- 
ing to  let  him  make  the  experiment.  The  repairman  re- 
moved one  lamp  and  took  hold  of  the  ends  of  the  wires, 
but  dropped  them  much  more  quickly  than  he  had  taken 
hold  of  them,  at  the  same  time  being  nearly  knocked 
to  the  floor.  After  that  he  was  willing  to  believe  that 
the  voltage  between  two  portions  of  a  series  circuit  might 
vary. 

However,  there  are  many  who  are  mistaken  on  this 
point.  A  little  thought  on  the  subject,  however,  will 
convince  anyone  that  the  voltage  drop  across  the  differ- 
ent parts  01  a  circuit  will  vary  as  the  resistance  of  these 
parts,  and  when  a  man  interpo.ses  the  high  resistance  of 
his  body  between  other  parts  of  the  circuit  made  up  of 
com])aratively  low  resistance  units  he  will  get  the  greater 
['art  of  the  drop,  and  in  consqucncc  a  much  more  .severe 
shock  than  he  expected. 

The  same  mistake  is  often  made  when  an  attempt  is 
made  to  burn  incandescent  lani))s  of  different  resist- 
ances, but  designed  for  the  same  \-oltag(>,  in  series  with 
one  another.  This  happens  not  only  when  two  new  lamps 
of  different  caiidle])ower  or  of  the  same  caiidlepower 
but  different  watts  per  caiidlepower  are  placed  in  series, 
but  also  when  a  new  lamp  is  placed  in  series  with  an 
I'ld  one  marked  exactly  the  same.  'I^lic  reason  for  the 
trouble  in  the  last  instance  is  that  as  a  lamp  gets  older 
and  has  burned  many  hours,  its  resistance  changes. 

Whatever  the  cau.sc  of  the  difTerence  in  resistance  the 
result  will  always  be  the  same — -the  lamp  with  the 
higher  resistance  will  get  more  than  its  share  of  the  volt- 
age across  its  terminals  and  will  burn  out  sooner  tlian 
v/ould  have  been  the  ease  if  all  of  the  lamps  had  been 
of  the  same  resi.stance. 

Brooklyn,  N.  Y.  G.   II.   McIviclway. 
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Observations  on  the  Oil   Engine 

By  John  F.  Wextwohth 

In  the  early  day;;  of  the  internal-combustion  engine, 
ilhiminating  gas  was  the  sole  fuel.  Although  patents  in 
this  line  date  back  as  early  as  1794,  the  first  engine  of  this 
type  btiilt  and  run  sur-eessfully  was  the  Lenoir  (1860), 
which  was  run  like  a  steam  engine.  Gas  vapor  or  a  mix- 
ture of  gas  and  air  was  admitted  for  a  part  of  the  stroke 
and  then  e.xploded,  the  expansion  of  the  working  charge 
taking  place  during  the  remainder  of  the  stroke.  This 
engine  had  a  very  poor  economy  and  was  simply  an  en- 
deavor to  apply  the  explosive-gas  idea  to  the  ordinary 
steam-engine  principle. 

The  next  step  in  the  mteriial-coniliustion  engine  was 
a  step  backward  on  the  track  of  the  steam  engine  to  the 
first  type  built  or  to  the  atmospheric  engine.  This  was 
known  as  the  '"free  piston"  ty]K'.  There  were  at  least 
two  engines  of  this  kind  built — one  by  Otto  and  Langen,  in 
(Terniauy  (186?),  and  the  other  by  Barsanti  and  Mat- 
tencci,  in  Italy,  the  former  apparently  the  more  suc- 
cessful. Substantially,  a  charge  of  air  and  gas  was  ex- 
l>]oded  under  a  piston  in  a  long  water-jacketed  cylinder 
and  the  force  of  the  explosion  propelled  the  piston  up- 
ward. The  gas  expanded  to  below  atmospheric  pressure, 
due  to  the  combined  effect  of  the  momentinn  of  the 
I'iston  and  the  rapid  cooling  of  the  gases  caused  by  their 
budden  expansion.  Upon  the  return  stroke  the  ])iston 
did  its  work  by  an  ingenious  arrangement  whereby  the 
rack  carried  by  the  piston  was  thrown  into  mesh  with  a 
j)inion  upon  the  shaft.  This  engine  worked,  but  was 
too  noisy. 

Otto  next  produced  tlie  internal-combustion  engine  in 
its  present  form  of  the  four-stroke  cycle.  Owing  to  ab- 
sence from  the  noise  of  the  rack  and  pinion  this  en- 
gine was  first  known  as  the  "Otto  Silent." 

The  distillation  of  gasoline  in  the  production  of  kero- 
sene oil,  and  the  fact  that  gasoline  was  easily  vaporized 
to  form  an  explosive,  led  to  the  use  of  a  carburetor  pro- 
ducing an  explosive  mixture  of  air  and  gasoline  vapor 
in  place  of  the  mixture  of  gas  and  air.  This  type  of 
engine  soon  developed  to  such  an  extent  that  what  was  an 
almost  valueless  byproduct  from  the  production  of  kero- 
sene has  now  become  so  valuable  as  to  almost  make  kero- 
sene the  byproduct  from  the  production  of  gasoline. 
George  B.  Brayton  was  one  of  the  first  to  foresee  this 
condition  of  affairs  and  began  to  work  upon  a  form  of 
engine  in  which  crude  oil  could  be  used  for  fuel.  He  and 
bis  coworkers  attempted  to  form  a  mixture  of  air  and 
oil  and  treat  it  in  a  manner  similar  to  the  way  in  which 
the  gasoline  and  air  was  treated,  but  with  poor  success. 
l-'ndeavors  have  been  made  to  treat  the  crude  oil  with 
heat  to  vaporize  it  and  form  an  explosive  mixture,  but 
ihese  attempts  have  all  failed,  owing  to  the  presence  cf 
H  nonvolatile  portion  of  the  crude  oil,  which  forms  a 
tar  and  clogs  the  vaporizing  element  after  the  engine 
has  been  run  a  short  time.  Before  the  time  of  Diesel, 
Brayton  had  an  engine  in  which  the  oil  was  mixed  with 


a  jet  of  an-  iiiid  driven  into  the  cylinder  at  tlic  end  of  the 
((impression  stroke.  It  was  supposed  to  be  ignited  by 
a  sort  of  burner  maintained  within  the  combustion  cham- 
ber. This  Ivurner  was  fed  with  oil  and  had  a  coil  of 
platiimiii  wire.  While  some  arrangement  of  this  sort 
might  work  for  a  while,  it  was  bound  to  sooner  or  later 
become  foul.  Had  Brayton  known  of  or  used  the  de 
Rochas  cycle  with  its  ignition  by  the  temperature  of 
compression,  he  would  have  had  no  trouble  with  igni- 
tion and  Diesel  might  never  have  been  heard  of. 

Rudolph  Diesel  in  1891  applied  for  a  patent  in  this 
country,  on  his  now  famous  engine.  He  was  at  first 
carried  away  with  the  idea  of  preventing  the  loss  of  heat 
1  y  the  water  jacket.  The  writer  knows  how  easy  it  is  to 
fall  for  this  idea  because  he  spent  much  time  and  money 
filong  similar  lines.  He  hoped  to  gain  by  cutting  out 
the  water  jacket  loss  and  using  this  energy  to  heat  a 
larger  xdlumc  of  air,  and  it  was  hard  to  see  how  any- 
thing was  lost.  It  is  now  clear  to  the  writer,  however, 
without  the  aid  of  matheiliatics ;  the  adiabatic  line  is 
the  bill.  By  compression  the  height  of  the  hill  was  in- 
crea.sed  without  a  change  of  conditions,  for  theoretically 
fill  that  is  lost  \>\  coinpression  is  got  back  by  e.xpansion. 
This  adiabatic  line  is  a  smooth  curve  without  a  break 
reaching  infinity  volume  and  absolute  zero.  If  heat  is 
added  to  the  substance  it  is  equivalent  to  adding  a  layer 
to  this  curve,  hut  to  get  100  per  cent,  efficiency  all  the 
energy  of  this  layer  must  be  collected  even  to  absolute 
zero.  This  type  of  engine  which  the  writer  was  work- 
ing on  would  be  fairly  efficient  at  low  pressure. 

Dr.  Diesel  did  not  fail  in  his  thermodynamics,  but  he 
did  even  worse — he  did  not  take  into  consideration  the 
loss  in  mechanical  efficiency  due  to  the  compression  of 
the  air.  His  engine  in  mechanical  construction  was 
identical  with  the  Brayton  engine  except  that  he  left  off 
the  flame  ignition  and  in  its  place  he  followed  the  prin- 
ciples laid  down  Uy  de  Rochas  in  1862.  To  quote  from 
Dugald  Clerk,  the  operation  pro])osed  by  de  Rochas  was 
as  follows  • 

1.  .Suction  (iurini?   the  entire   out  stroke   of  the    piston. 

2.  Compression    during   the    following   instrol<e. 

3.  Ignition  at  the  dead  point  and  expansion  during  the 
third    strolie. 

4.  Forcing  out  the  burned  gases  from  the  cylinder  on  the 
fourth    stroke. 

The  ignition  he  proposed  to  accomplish  by  the  increase  of 
temperature    due    to    compression. 

In  addition  to  applying  the  principle  of  de  Rochas  to 
the  Brayton  structure.  Diesel  proposed  to  eliminate  the 
v.-ater  jacket  and  to  feed  his  fuel  in  such  small  quan- 
tities as  to  prevent  an  essential  increase  in  pressure  or 
temperature. 

In  U.  S.  Letters  of  Patent  Xo.  542,846,  issued  to 
Rudolph  Diesel.  July  16.  1895,  is  fotmd  the  following: 

According  to  what  has  been  above  stated,  the  process  of 
combustion  itself  differs  from  all  the  hitherto  methods,  in 
that  there  is  no  increase  of  temperature  produced,  or  at  the 
most  only  a  very  slight  one,  and  the  highest  or  extreme  tern-  i 
perature  is  produced  by  the  compression  of  the  air.  It  is 
therefore    under    control    and    will    be    kept    within    moderate 
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Jimits.   and    moreover,   in    view   of   the   cooling   of   the   products 
af  combustion  by  the  subsequent  expansion,  no  artificial  cool- 
ie is  required  for  the   cylinder,  the  mean  temperature  of  the 
ses    being   such    that    the    parts   of    the    engine    can    be    kept 
tight    and    lubricated. 

Ill  Fig.  1  the  diagram  ABCDEA  is  from  the  actual 
Diesel  engine,  which  has  the  record  of  the  highest  effi- 
ciency for  any  engine  ever  built  with  the  possible  e.x- 
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Fit;.  1.  Actual  Diesel  Diagram  Cojipared  with  That 
Drawx  According  to  Patexted  Phockss 

ception  of  the  Banki  motor.  Diagram  ABC  UFA  \<  plotted 
according  to  the  patent  process.  The  line  ABC  is  the 
adiabatie  compression  line:  CG  is  the  isothermal  expan- 
sion line  and  GF  is  the  adiabatie  expansion  line.  The 
feeding  of  the  fuel  continues  from  C  to  (?  at  a  rate 
such  that  there  is  no  essential  increa.se  in  temperature. 
Bv  a  comparison  of  the  tests  published  on  the  Diesel 
engine  as  actually  run.  it  becomes  evident  that  the  pat- 
ented process  of  Dr.  Diesel  would  not  give  power  enough 
lo  run  the  ensiiie.     This  is  so  on  accduiil   of  tlie  loss  in 


to  be  consumed,  then  gradually  introducing  the  fuel  for  com- 
bustion into  the  compressed  air  while  expanding  againsc  re- 
sistance sufficiently  to  prevent  an  essential  increase  of  tem- 
perature or  pressure,  then  discontinuing  the  supply  of  fuel 
and   further   expanding   without   transfer   of   heat. 

This  is  the  only  process  to  which  Diesel  can  lay  claim 
as  far  as  the  writer  can  find  out.  All  other  patents  are 
tombinatiou  patents  and  the  best  practically  copy  the 
Brayton  construction. 

Sargent  originated  a  method  for  governing  gas  engines 
m  which  the  amount  of  air  was  varied  to  agree  with  the 
load  as  well  as  to  vary  the  fuel.  In  the  de  Rochas  cycle 
and  its  modifications  the  ignition  of  the  fuel  is  con- 
trolled or  brought  about  by  the  temperature  resulting 
from  compression  aided  in  some  cases  by  a  heated  pro- 
jection in  the  comlmstion  chamber.  In  idl  cases  the  de- 
:^igii  of  the  engine  gives  compression  sufficient  to  obtain 
ignition  of  the  fuel.  Xo\V  if  the  amount  of  air  is  cut 
down  when  the  load   is   lowered,   ignition   will   not  take 
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conipressing  tlie  air.  This  ideal  diagram  (ABCGFA) 
would  have  a  fair  tlieoretical  efficiency,  but  no  practical 
effi<'iency. 

This  patented  process  is  disclosed  by  Claim  1  of  the 
above  mentioned   letters  of  i)atent.     The  claim   reads: 

The  herein  described  process  Is  for  converting  the  heat 
ererey  of  fuel  Into  work,  consisting  In  Itrst  compressing  air. 
or  a  mixture  of  air  and  neutral  (fas  or  vapor,  to  a  dcRree  of 
producing  a  temperature  above  the  Ignition  point  of  the  fuel 
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Fig.  3.    Diagham   from   Wextworth   Exgixe 

place.  Compression  of  unnecessary  air  means  a  loss  in 
mechanical  efficiency  or  the  mechanical  efficiency  of  the 
de  Eochas  cycle  falls  ott'  far  more  at  low  loads  than  does 
the  mechanical  efficiency  of  gas  engines  under  the  same 
load. 

Fig.  2  shows  curves  of  bi'ake  and  indicated  effii'iencies 
on  different  engines.  The  idea  of  these  curves  as  origi- 
nally worked  up  and  plotted  was  to  show  the  benefit  of 
high  compression.  By  running  a  series  of  tests  on  the 
Muue  engine  fitted  with  different  heads  so  as  to  vary  the 
(learance.  more  valuaiiJc  results  could  be  obtained  than 
to  compare  different  typos  of  engines  which  had  the  re- 
quired range  in  clearance.  However,  the  curves  show 
the  benefit  which  has  come  from  a  development  along 
the  lines  of  a  reduced  clearance. 

Fig,  3  is  a  diagram  taken  on  the  writer's  experimental 
engine.  This  is  not  a  commercial  engine,  as  yet,  and 
has  been  designed  only  for  private  experiments.  There 
is  one  point  which  may  or  may  not  mean  anything.  It 
seemed  to  the  writer  that  the  Diesel  engine  was  not 
using  as  much  oil  per  pound  of  air  as  was  possible  and 
this  diagram  periiaps  could  be  taken  to  verify  this  be- 
lief. The  peculiar  .shape  of  the  diagram  may  be  ex- 
plained as  follows: 

The  pres.sure  in  the  air  line  was  about  750  lb.  and  the 
fuel  was  fed  in  earlier  than  in  the  Diesel  engine;  hence 
the   explosion   pressttre   jumped    up   so  as   to   stop   the 
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further  injection  of  oil.  Then  as  the  charge  of  hot  gases 
in  the  cylinder  expanded,  the  pressure  in  the  cylinder  was 
lowered  and  the  fuel  was  again  fed  into  the  cylinder  be- 
fore the  fuel  valve  closed.  Whatever  the  cause  was,  in 
the  experimental  engine  a  mean  effective  pressure  was 
obtained  about  50  per  cent,  higher  than  in  the  Diesel 
engine.     In  fairness  to  the  Diesel  eiiirine  it  is  reasonable 
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Fig.  4.    Diesel  and  Wkxtwoisth  DIA(;I;A.\I^  roiiPARED 

to  expect  that  there  would  have  been  trouble  to  have 
maintained  this  mean  effective  pressure  without  a  higher 
air  pressure  for  feeding  the  fuel  into  the  cylinder.  The 
dotted  lines  show  what  is  the  most  favorable  result  to  be 
i-ought  for  in  an  engine  of  this  type.  This  shows  one 
great  variation  from  the  Diesel  type,  which  consists  of 
feeding  the  fuel  in,  not  so  as  to  prevent  any  essential 
increase  in  pressure  or  temperature,  but  so  as  to  get  the 
highest  explosion  pressure  practical. 

In  the  preceding  paragraphs  it  has  been  attempted  to 
show  that  the  Diesel  engine  is  a  reproduction  of  the  ideal 
engine  described  by  de  Kochas  nearly  50  years  ago ;  de 
Rochas  proposed  an  engine  having  full  suction  stroke, 
and  Diesel  carried  this  into  operation,  in  order  to  get 
the  desired  ignition  temperature.  Diesel  practice  shows 
that  about  500  lb.  pressure  will  give  an  ignition  tempera- 
ture suitable  for  any  fuel.  At  full  load  perhaps  this  is 
the  best  that  can  be  done.  Practical  considerations  may 
make  it  advisable  to  refrain  from  using  a  pressure  of 
over  500  lb.  per  sq.in.  in  the  cylinder.  The  main  point 
of  the  writer's  work  has  been  to  produce  a  crude-oil  en- 
gine in  which  an  ignition  temperature  of  suitable  amount 
can  be  obtained  with  a  full  cylinder  of  air  or  a  partial 
cylinder  of  air. 

The  Diesel  engine  is  supposed  to  operate  in  any  tem- 
perature, but  the  writer  has  never  seen  anything  rela- 
tive to  the  climate  in  which  it  can  be  used.  If  the  Diesel 
engine  has  a  temperature  of  compression  of  1000  deg.  F. 
v.-ith  outside  air  at  60  deg.  F.  (which  temperature  is 
satisfactory),  if  operated  with  the  outside  air  at  120  deg. 
F.  the  temperature  of  compression  would  be  1100  deg. 
F.  or  at  least  100  deg.  more  than  is  required.  Likewise,  if 
the  intake  air  should  drop  to  0  deg.  F.,  the  temperature 
of  compression  would  drop  to  885  deg.  F. 

The  Wentworth  engine  is  different  from  the  Diesel  in 
that  provision  is  made  for  heating  the  incoming  air  be- 
fore compression.  If  this  is  done  with  intelligence  it  is 
possible  to  have  the  temperature  of  compression  correct 
and  to  have  the  proportion  of  fuel  to  air  constant  at  all 
loads.  The  Diesel  engine  governs  by  varying  the  fuel 
only;  the  Wentworth  engine  by  varying  the  fuel  and  air 
so  as  to  keep  the  mixture  constant  and  in  order  to  have, 


at  250  lb.  pressure  of  compression,  the  same  temperature 
which  is  had  at  500  lb.  pressure,  heat  is  added  to  the 
incoming  air. 

Fig.  4  shows  a  full-load  and  partial-load  diagram  from 
the  Diesel  engine,  shown  dotted,  and  the  solid  line  is  a 
partial-load  diagram  as  is  sought  in  the  Wentworth  en- 
gine. The  full-load  diagram  of  the  Wentworth  engine 
would  lie  somewhere  between  the  full-load  Diesel  diagram 
and  that  shown  in  Fig.  3.  The  advantage  of  the  Went- 
worth engine  over  the  Diesel  or  any  other  engine  which 
governs  by  a  reduction  of  the  fuel  alone  or  by  varying 
the  proportions  of  the  mixture  is  shown  in  Fig.  5.  Here 
curves  are  drawn  by  laying  off  at  regular  intervals  the 
pressure  per  S(]uare  inch  on  the  piston  for  every  36  deg. 
revolution  of  the  crankshaft.  This  shows  that  the  Diesel 
engine  at  two-thirds  load  would  have  an  average  pres- 
sure on  its  bearings,  due  to  145  lb.  per  sq.in.  in  the  cyl 
mder.  The  Wentworth  engine  developing  the  same  powe-- 
would  have  a  pressure  on  its  bearing  from  but  98  lb.  per 
sq.in.  pressure  in  the  cylinder.  This  would  show  a  sav- 
ing on  the  main  bearings  of  33  per  cent.  In  this  method 
of  treating  the  subject,  which  is  simple  and  graphic,  no 
allowance  is  made  for  the  effect  of  the  reciprocating 
parts.  At  the  same  speed  the  two  engines  would  have 
the  same  pressure  on  the  bearings  from  this  source. 

At  partial  load  the  Wentworth  engine  is  virtually  a 
compound  engine.  On  the  compression  stroke  but  two- 
thirds  or  three-quarters  of  a  cylinderful  of  air  would  be 
compressed,  while  on  the  expansion  or  working  stroke 
the  expansion  would  be  carried  out  the  full  stroke.  As- 
suming that  the  engine  was  running  on  two-thirds  power 
or  that  two-thirds  the  amount  of  both  fuel  and  air  was 
used,  the  effect  of  compounding  would  be  equivalent  to 
the  present  Diesel  engine  compressing  its  charge  in  a 
cylinder  of  28  in.  diameter  and  expanding  in  a  cylinder 
of  35%  in.  diameter.  This  gain  in  the  theoretical  elB-- 
ciency  can  be  obtained  without  any  loss  whatsoever.    Op- 
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ponents  of  this  theory  say  it  involves  a  bulky  engine; 
that  is,  that  by  heating  the  air  before  compression  in 
order  to  raise  the  ignition  temperature,  more  than  two- 
thirds  of  the  cylinder  capacity  of  the  Diesel  engine  will 
be  required  to  get  two-thirds  of  the  weight  of  air  which' 
the  Diesel  engine  uses  at  full  load.  This  is  true  only 
when  the  engine  is  running  light;  however,  the  writer 
has  it  on  authority  that  the  Diesel  engine  can  run  on 
a  reduced  compression  after  the  engine  becomes  warmed,, 
or  in  other  words,  compresses  to  a  higher  pressure  than 
is  needed  after  the  engine  gets  started.     In  the  Went- 


March  11,  1913 


POWER 


341 


V.  orth  eugiue  by  a  regulation  of  the  temperature  unneces- 
sary compression  can  be  saved. 

The  recommended  Wentworth  cycle  is  as  follows: 

1.  Addition  of  heat  to  the  incoming  air  to  give  a 
temperature  such  that  when  the  desired  compression 
pressure  has  been  reached  ignition  will  be  possible  by  the 
simple  injection  of  the  fuel. 

2.  Suction  for  that  part  of  the  suction  stroke  which 
will  compare  with  the  load  upon  the  engine. 

3.  A  full  compression  stroke. 

4.  Ignition  to  be  obtained  by  injection  of  the  fuel. 
(In  light  loads  this  injection  of  the  fuel  will  be  ad- 
vanced in  order  to  give  a  higher  pressure  of  explosion.) 

5.  A  full  expansion  stroke. 

6.  A  full  exhaust  stroke. 

Lubrication    of    Gas  Engine  Cylinders 

In  reading  the  article  on  the  above  subject  in  the  Jan. 
28  issue,  by  A.  L.  Breunan,  Jr.,  I  found  several  passages 
which  are  not  clear  to  me.  and  others  witli  which  1  can- 
not agree. 

It  is  stated  that  there  are  three  important  points  to 
be  considered  in  the  lubrication  of  a  gas-engine  cylinder; 
these  three  qualities  of  the  lubricating  oil  being  a  flash 
point  of  390  to  450  deg.  F.,  a  specific  gravity  of  from  26 
to  30  Be.,  and  a  viscosity  ranging  from  180  to  220  at 
80  deg.  F.  According  to  Mr.  Brennan,  viscosity  is  made 
up  of  two  properties;  cohesion  and  adhesion.  He  says 
tlie  former  "is  that  property  of  the  oil  that  binds  its 
jiarticles  together,"  and  that  "adhesion  is  that  clinging 
property  which  causes  it  to  adhere  to  other  bodies."  It 
may  be  that  the  viscosity  of  an  oil  is  made  up  of  two, 
or  maybe  twenty  properties,  but  it  is  usually  measured  by 
noting  the  time  taken  for  a  given  quantity  of  oil  to  run 
through  a  given  size  aperture  in  an  instrument  w-hich  is 
usually  known  as  a  viscosimeter.  It  is  really  a  measure 
of  its  fluidity.  Mercury,  for  instance,  has  a  very  low 
viscosity,  but  relative  to  many  bodies,  no  adhesion. 

No  general  rules  or  principles  can  be  laid  down  which 
can  be  applied  to  all  types  and  sizes  of  gas-engine  cyl- 
inders. Lubrication  of  small  gas  and  gasoline-engine  cyl- 
inders, such  as  u.sed  in  automobiles  and  motor  boats,  is  a 
comparatively  simple  matter,  and,  even  though  an  over- 
supply  of  lubrication  fouls  the  cylinders,  the  cleaning 
of  them  is  comparatively  easy.  When  it  comes  to  large 
cylinders  and  especially  large  cylinders  in  a  horizontal 
position,  the  problem  is  vastly  different.  I  am  (piite  sure 
that  Mr.  Brennan  had  not  the  latter  condition  in  mind, 
but  the  lul)rication  of  large  horizontal  cylinders  ])ro- 
sents  the  real  problem  in  gas-engine  lubrication.  More- 
over, I  am  convinced  that  some  of  the  cheapest  oils  I  have 
purchased  and  used  (18c.  per  gal.)  have  proved  as  ef- 
fective and  satisfactory  for  lubricating  large  gas-engine 
cylinders  as  any  others. 

The  qualities  of  any  mineral  oil  under  high  teni])era- 
tnres  are  vastly  different  than  at  (jnlinary  teniiierature.H 
and  pressures,  such  as  that  of  the  atmos])here  in  which 
they  are  tested,  and  indeed  all  mineral  oils  approach  each 
other  in  physical  diaracteristics  at  high  temperatures. 
It  has  been  conclusively  shown  that  out  of  over  200  oils 
tested,  ranging  in  .specific  gravity  from  0.887  to  0.926, 
some  of  which  were  too  thick  to  flow  at  70  deg.  F.,  and 
having  viscosities  ranging  from  58  to  312  at  212  deg.  F., 
nearly  all  of  them  had  the  same  viscosity  at  temperatures 


above  500  deg.  F.  The  flash  points  of  these  oils  ranged 
from  288  deg.  F.  to  622  deg.  F.  These  tests  show,  that 
with  the  conditions  under  which  most  oils  operate  in  a 
gas-engine  cylinder,  if  temperatures  alone  are  considered, 
they  all  have  practically  the  same  viscosity. 

Nobody  knows  just  what  the  physical  action  is  which 
takes  place  during  processes  of  lubricating  a  gas-engine 
cylinder.  It  is  pretty  generally  supposed  that  the  con- 
dition which  makes  lubrication  possible  is  the  compara- 
tively low  temperature  of  the  cylinder  walls  and  the  pis- 
ton. It  must  be  evident  that  any  combustible  which  is  in 
a  cylinder  during  an  explosion  stroke,  is  at  least  partially 
burned.  If  the  interior  surface  of  the  cylinder  walls  and 
the  head  of  the  piston  is  at  such  a  temperature  that  com- 
bustion on  the  surface  is  quenched,  then  any  oil  that 
may  be  on  this  surface  may  be  partially  burned.  That 
portion  of  the  oil  which  is  not  burned  in  the  combustion 
f-pace  is,  however,  usually  incombustible  matter.  It  is 
important  that  the  oil  should  contain  no  incombustible 
matter  if  the  cylinder  is  to  be  kept  as  free  from  carbon 
as  possible.  It  is  expected  that  some  oil  may  find  its 
way  into  the  combustion  space,  but  it  is  the  hope  of  most 
operators  that  such  oil  will  burn  u])  without  depositing 
on  the  walls. 

The  splash  system  of  lubrication  is  a  "makeshift"  in 
anything  but  small  motors,  in  which  it  may  be  used  quite 
effectively.  The  lubrication  of  large  cylinders  is  usually 
done  by  timing  the  delivery  of  the  lubricant  under  pres- 
sure so  that  it  enters  between  the  rings  on  the  piston. 

Mr.  Brennan  says  that  "the  first  indications  in  the 
case  of  using  a  poor  oil  are  nuinifest  in  decreased  power, 
due  primarily  to  the  friction  offered  the  surfaces  of  the 
piston  and  cylinder,  secondly,  to  faulty  compression,  due 
to  the  piston  rings  becoming  inoperative,  and  thirdly,  to 
carbon  deposits,  which  materially  reduce  the  efficiency 
cf  the  valves  and  impair  the  function  of  the  spark  plug." 

Unless  an  engine  is  staggering  under  all  the  load  it 
can  carry,  I  have  yet  to  see  one  in  which  I  could  dis- 
cover a  case  of  improper  cylinder  lubrication  by  a  de- 
crease in  the  power  developed.  Usually  the  governor  will 
open  up  and  allow  the  engine  to  pull  all  the  load  de- 
manded unless  some  other  conditions  than  faulty  lubri- 
cation exist ;  such,  for  instance,  as  weak  gas,  missed  igni- 
tion, etc.  I  am  convinced  that  if  cylinder  lubrication 
were  so  much  at  fault  that  one  could  notice  it  by  a  de- 
crease in  power,  there  would  be  some  smoke  and  prob- 
ably the  piston  would  seize  l)efore  the  keenest  eye  could 
discover  a  decreased  power  development. 

Mr.  Brennan  is  correct  in  saying  that  one  of  the  most 
injurious  effects  of  improper  lubrication  is  the  deposit 
around  and  under  the  piston  rings,  which  .soon  renders 
them  inoperative  as  spring  rings  and  practically  fastens 
them  in  their  grooves.  Such  a  condition  is  one  of  the 
most  prolific  causes  of  cut  and  scored  cylinders.  But  in 
many  such  instances  which  I  have  .seen,  I  am  quite  sure 
that  the  contributing  cause  is  dirty  gas. 

I  would  appreciate  being  informed  as  to  just  what  is 
meant  by  this  sentence — "Poor  lubricating  oil  not  only 
impairs  the  mixture  by  a  partial  combustion  of  its  own 
elements  but  by  not  keeping  the  wear  at  a  minimum,  al- 
lows lower  compression  which  in  turn  puts  greater  de- 
mands upon  the  ignition  current."  Fspecially  is  it  desir- 
able to  know  how  lower  compression  puts  greater  demand 
upon  the  ignition  current. 

New  York  City.  L.  L.  1'>hi:\vsti;h. 


343  P  0  W  E  E  Vol.  37,  No.  10 

liiiiiniiniiiiiiiiiiiiiiniiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiii^ 

I  REFRIGERATION     DEPARTMENT         ■ 


^iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiniiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiii 

Refrigeration   Made  Simple 

Refrigeration  has  lieeii  deiiiied  broadly  a.s  the  proce.s.'^ 
o1'  cooling.  A  block  of  ice  in  the  small  refrigerator  for 
lionie  use  is  eomnionlv  supposed  to  cool  <lo\vii  the  in- 
lerior  of  the  box  in  which  it  is  contained,  and  so  it  ih>es, 
but  instead  of  imparting  cold  to  its  surroundings,  the 
cooling  effect  is  obtained  by  the  ice  extracting  heat  from 
the  air.  the  material  of  which  the  refrigerator  is  made 
and  the  food  contained  within.  In  doing  this  it  melts, 
iuid  when  enough  heat  has  iieen  drawn  from  the  refrig- 
erator all  of  the  ice  will  have  been  turned  into  water. 
Ivefrigeratioii  then  is  the  process  of  extracting  heat,  and 
will  alway.s  take  place  when  a  cold  body  is  in  the  ])res- 
ence  of  another  at  a  higher  temperature.  Tf  the  hand  is 
placed  in  a  pail  of  water  fresh  from  the  well,  a  flow  of 
heat  will  take  place  from  the  hand  to  the  water.  Tlie 
hand  will  have  lost  the  same  amount  of  heat  thai  the 
water  has   gained,  and   as   it   has   liecii   made  colil''!-.   thai 


sion  plants  are  niiich  more  ininierous.  and  to  understand 
their  working,  a  comparison  will  be  made  with  the  or- 
dinary steam  plant  with  which  all  of  us  are  familiar. 

In  the  accompanying  sketch  a  rough  diagram  of  the 
steam  plant  is  shown  on  one  side  and  the  compression 
.system  of  refrigeration  on  the  other.  From  the  drawing 
it  is  easy  to  see  that  the  two  systems  are  similar.  In 
fact,  they  are  governed  by  the  same  laws,  but  the  events 
111  each  cycle  are  in  the  op]K)site  direction.  To  begin 
with,  the  water  in  the  boiler  is  supplied  with  heat  from 
the  coal  burning  on  the  grate.  Only  one  heat  unit  to  a 
])ound  of  water  i.s  required  to  raise  the  temperature  1 
(]eg.  P.  As  a  consequence  the  rise  in  temperature  i.? 
ii'.pid  until  2\2  deg.,  the  boiling  point  at  atmospheric 
pressure,  i.s  reached,  when  it  appears  to  stop  and  no 
further  rise  may  be  noticed  until  9T0  heat  units,  known 
as  the  latent  heat  of  cxaporation.  have  been  added  to 
(•wry  pound  of  water.  When  this  heat  has  been  ab- 
sorbed  the  water  turns   iiilo  sli'am.   and   if  the  steam  is 
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is,  as  heat  has  been  exlraited  from  it,  the  hand  has  been 
refrigerated  and  the  water  is  the  refrigerant,  .lust  as 
water  will  always  flow  from  a  higher  to  a  lower  lexei  so 
will  heat  pass  from  any  material  to  one  of  lower  tem- 
perature. It  is  this  action  which  makes  refrigeration 
possible. 

It  is  evident  then  that  any  material  may  refrigerate, 
provided  that  it  is  at  a  lower  temperature  than  its  sur- 
roundings. The  water  in  a  tubular  boiler  refrigerates 
the  gases  passing  through  the  tubes,  although  it  is  not 
commonly  thought  of  in  this  way.  as  it  is  iisual  to  link 
refrigeration  with  lower  temperatures. 

There  are  a  few  materials,  however,  due  to  their  pe- 
culiar properties,  by  which  refrigeration  may  be  more 
efficiently  effected.  Most  prominent  of  these  are  am- 
monia, carbonic-acid  gas  and  sulphur  dioxide.  Ammonia 
is  more  commonly  used  than  the  others  and  in  two  dif- 
ferent types  of  apparatus,  which  collectively  are  known 
as  the   compression  and  absorption   systems.     Compres- 
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not  allowed  to  escape, the  pressure  will  rise.  The  minute 
that  ])ressure  is  developed  a  funny  thing  happens.  The 
boiling  point  of  the  water  is  no  longer  at  212  deg.,  but  at 
s(jme  temperature  corresponding  to  the  pressure.  If  the 
jiressure  were  150-lb.  gage,  the  water  would  boil,  or,  in 
other  words,  evaporate,  at  306  deg.,  and  the  latent  heat 
would  be  reduced  to  857  heat  units.  Any  temperature' 
below  366  deg.  would  condense  the  .steam. 

From  the  boiler  the  steam  passes  to  the  engine,  where 
it  expands  and  gives  up  some  of  its  energy  in  the  form 
of  work.  Passing  on  to  the  condenser  enough  cooling 
water  is  supplied  to  conden.se  the  steam,  and  the  water 
of  condensation  is  returned  by  means  of  a  pump  to  the 
boiler.  This  pump  requires  a  certain  amount  of  energy 
to  drive  it,  and  to  obtain  the  most  economical  result'^ 
the  water  should  be  returned  to  the  boiler  as  hot  as  pos- 
sible. 

In  the  refrigerating  system  we  will  start  with  the  ex- 
pansion   coils,    the    part    of   the   system    correspoiiding   to 
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lite  boiler.  Here  the  liquid,  the  ainiinaiia.  i>  imrudiireil 
and  evaporated  bv  the  heat  from  its  surroundings.  11' 
the  ammonia  coils  are  placed  directly  in  the  room  to  be 
cooled,  the  process  i.s  known  as  direct  expansion,  but  if 
the  coils  are  located  in  a  brine  tank  and  the  brine  cir- 
culates in  the  room  we  have  the  l)rinc  system.  From 
the  expansion  coils  the  ammonia  vajxir  is  drawn  into 
the  compressor  and  in.stead  of  expanding  and  producing 
work,  as  in  the  steam  engine,  the  vapor  is  compressed, 
which  requires  an  expenditure  of  work.  If  the  boiling 
jioint  of  ammonia  at  the  expansion-coil  pressure  were  at 
t-ome  temperature  higher  than  the  temperatnre  of  aver- 
age cooling  water,  there  would  have  been  no  need  of 
the  compressor.  At  atmospheric  pressure  the  boiling 
j>oint  is  28  deg.  below  zero  and  cooling  water  is  usually 
60  deg.  above  and  over.  So  it  is  necessary  to  compress 
the  vapor  to  about  185  lb.  pressure  to  raise  its  boiling 
}>oint  so  there  will  be  no  difficulty  in  converting  the  vapor 
into  liquid  in  the  condenser,  to  which  it  passes  from  the 
compressor.  Although  generally  of  different  construc- 
tion, the  ammonia  condenser  operates  on  the  same  prin- 
ci]jle  as  the  steam  couden.ser. 

In  its  liquid  state  the  ammonia  i)asses  from  the  eon- 
denser  through  a  restricted  opening,  called  the  expan- 
sion valve,  to  the  expansion  coils.  In  an  ideal  system 
Ihc  expansion  valve  might  he  readily  replaced  by  a  cyl- 
inder so  that  the  liquid  in  passing  from  a  higher  to  a 
lower  pre.ssure  would  do  work,  and  not  require  an  ex- 
j)enditure  of  work  as  in  the  case  of  the  steam  ]iump.  The 
temperature  of  the  liquid  should  be  as  low  as  possible, 
which,  it  will  be  remembered,  is  a  requirement  just  op- 
j'osite  to  that  in   the  steam  system. 

When  the  ammonia  liquid  now  at  a  low  pressure, 
iisually  about  16-lb.  gage,  enters  the  expansion  coils  in 
the  refrigerator,  it  absorbs  heat  from  the  surrounding 
medium,  and  when  each  pound  of  liquid  has  absorbed 
f>f>!»  heat  units  the  latent  heat  at  the  above  given  pres- 
sure, it  is  converted  into  a  vapor  and  is  ready  To  start 
over  again  on  the  I'vcle  ju.st  described. 

From  what  has  been  said  it  will  be  clear  that  the 
]'rime  object  of  a  steam  plant  is  to  obtain  as  much  work 
as  po.ssible  with  the  least -expenditure  of  heat,  while  in 
the  refrigerating  system  it  is  desired  to  absorb  or  rather 
dissipate  as  much  heat  as  possii)l(>  with  the  least  ex- 
pr-uijiture  of  work. 

If  the  latent  heat  of  the  auitrioina  were  !iln.  as  in  steam 
at  atmospheric  pressure,  it  would  be  a  beller  refrigerant, 
J>^  per  pound  it  would  carry  away  uu)rc  heat  from  the 
refrigerator.  Thus  high  latent  heat  is  desirable  in  a  re- 
frigerant. .\tiotlier  requirement  is  a  low  boiling  point. 
IIS  this  must  be  lower  Ihan  tln'  temperature  it  is  desired 
III  maintain  in  the  refrigerator.  On  ihe  other  hand,  the 
lioiling  i)oint  should  not  be  much  lower  than  tiie  re- 
frigerator temperature,  as  the  lower  it  is  the  more  power 
it  will  take  to  comjiress  Ihc  vajiiir  and  rai.-^e  the  boiling 
point  to  a  temperature  above  thai  of  th<'  cooling  water  in 
till-  condenser. 

.Vmmonia  seems  lo  ineel  lhe.>ie  requirements  heller 
ihan  any  other  refrigerant.  'I'lv  most  simple  ivfrigerat- 
ii'g  |)lant  imaginable  woulil  be  a  flask  of  ammrynia  liquid 
iniinersed  in  a  pail  of  brine  which  we  will  say  has  a 
1ciii|)crature  of  50  deg.  .\s  previously  stated  the  boiling 
I'oiiil  of  ammonia  is  3H  deg.  below  zero,  .so  that  the  lem- 
peralure  of  the  brine  will  be  78  deg.  higher.  ('on>.'- 
qneiitly.  the  ammonia  will  imiiieiliati-ly  begin  to  boil  ami 


I'vaporate.  drawing  the  necessary  heat  from  the  brine 
until  its  temperature  approaches  that  of  the  boiling  am- 
monia. The  brine  in  turn  would  tend  to  absorb  heat  from 
the  surrounding  air,  so  to  maintain  a  low  temperature 
in  the  pail  it  would  be  necessary  to  replenish  the  flask 
laid  continue  the  evaporation  of  anuuonia,  allowing  the 
vapor  to  escape  to  atmosphere  as  before.  This  would  be 
all  right  if  the  supply  of  ammonia  were  inexhaustible 
and  it  were  not  an  expensive  product.  Unfortunately, 
this  is  not  the  case  and  it  is  necessary  to  conserve  the 
supply,  using  it  over  and  over  again  in  much  the  same 
v.ay  as  boiler-feed  water. 

To  reclaim  the  ammonia  vapor  and  change  it  back 
into  a  liquid,  the  comjiressor  and  c(mdenser  are  neces- 
sary, in  fact,  just  such  a  .system  as  outlined  in  the  sketch. 
There  are,  of  course,  auxiliary  apparatus  required  just 
as  jn  a  steam  plant,  but  the  main  principles  of  operation 
are  pictured.  The  details  of  an  actual  commercial  plant 
may  be  given  in  a  later  is.sne. 

Drinking    Water  Systems 

By  S.   M.   Weixthai. 

To  circulate  pure,  cold  water  through  a  large  structure 
is  not  a  new  idea,  as  many  hotels  and  buildings  in  large 
cities  have  been  so  equipped  during  recent  years.  From 
a  sanitary  and  humanitarian  standpoint,  these  drinking- 
water  systems  are  a  necessity  and  should  be  in.stalled 
wherever  the  welfare  of  employees  is  considered. 

Fig.  1  shows  a  typical  layout  of  a  drinking-water  .sys- 
tem as  applied  to  a  mill  or  factory;  the  arrows  denoting 
the  path  of  the  water.  The  water  may  come  from  any 
available  source,  such  as  wells,  springs,  city  lines,  etc., 
and,  if  not  deemed  sufficiently  pure,  should  be  passed 
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liirough  a  filtering  ])rocess.  (t  is  then  reeeived  into  a  stor- 
age tank,  where  it  is  cooled  by  contact  with  the  surface 
of  coils  cooled  by  the  direct  expansion  of  ammonia,  nr  I  he 
circulation  of  cold  brine. 

I>y  means  of  a  power-driven  pump,  the  water  is  drawn 
from  the  tank  and  kept  in  rapid  and  constant  circulation 
through  the  lines.  whi<'h  are  arranged  to  nuike  a  com- 
j)b'te  circuit.  These  lines  should  be  carried  on  trusses, 
hangers  and  columns  and  sloped  in  order  to  drain.  Tlun' 
may  issue  from  and  return  to  headers  which  are  directlv 
connected  to  the  tank  and  puni])  respectively.  The  water 
u-icd  is  replaced  automatically  by  water  coming  froni  the 
.-'lUrce. 

The  niaviniiiui  biigih  of  a  circuit  should  not  lie  i^reater 
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than  ToOO  ft.  and  the  time  consumed  for  the  water  to 
travel  that  distance  should  not  exceed  30  min. ;  so  as  to 
minimize  the  loss  of  temperature,  which,  iu  tliat  period, 
averages  from  4  to  6  deg.  F.  if  the  lines  are  well  insulated. 
During  the  period  of  cold  weather,  when  it  is  not  neces- 
sary to  cool  the  water,  a  bypass  may  be  provided,  as 
shown  in  the  drawing,  to  enable  the  direct  passage  of  the 
water  into  the  lines.  However,  this  is  not  advisable  if 
applied  at  a  low  pressure,  as  it  must  be  kept  in  rapid 
motion  to  prevent  freezing. 


lliat  the  most  agreeable  temperature  of  the  drinking  water 
is  45  deg.  F.  and  the  consumption  of  water  per  man  per 
liour,  including  waste,  during  periods  of  extreme  heat  av- 
erages 0.3  gal.  in  factories  and  0.4  gal.  in  mills.  On  this 
basis,  a  mill  employing  1200  men  would  require  480  gal. 
per  hour. 

From  the  accompanying  table  the  capacity  of  a  refrig- 
erating machine  can  be  readily  determined  when  the  num- 
ber of  gallons  to  be  consumed  per  hour  has  been  fixed  and 
the  difference  of  the  temperature  is  known. 


CAPACITY  OF  REFRIGERATIXG  MACHINES  TO  REDUCE  TEMPERATURE  OF  WATER 


ice  Melting  Effect— Tons 

per  24  H 

)Ui-s   . 

Reduction  of 

Gallons  of  Water  per 

Hour 

Temp.  Deg.  F. 

1 

5" 

100 

150 

200 

250 

300 

350 

400 

.500 

600 

700 

800 

900 

1000 

1 

0  0007 

0  033 

0  069 

0   104 

0  139 

0  174 

0  208 

0  243 

0  278 

0  347 

0.417 

0.486 

0.356 

0  625 

0  695 

5 

0  0035 

0.174 

0  347 

0  521 

0  695 

0  869 

1   042 

1  216 

1   390 

1  737 

2.085 

2  432 

2.780 

3  127 

3.475 

10 

0  0070 

0  347 

0  695 

1   042 

1  390 

1  737 

2  085 

2  432 

2,780 

3.475 

4.170 

4.865 

5  560 

6  255 

6.950 

15 

0  0104 

0.521 

1.042 

1    564 

2  085 

2  606 

3.127 

3  649 

4   170 

5.212 

6.255 

7.297 

8.340 

9  382 

10  42 

16 

0  0111 

0  556 

1.112 

1   668 

2  224 

2  780 

3  336 

3  892 

4  448 

3.560 

6.672 

7.784 

8.896 

10  01 

11.12 

17 

0  0118 

0.591 

1.181 

1.772 

2.363 

2,954 

3.544 

4    135 

4,726 

5.907 

7.089 

8.270 

9.452 

10.63 

11.81 

IS 

0  0125 

0.625 

1.251 

1.876 

2.502 

3  127 

3  753 

4  378 

5,004 

6,255 

7.506 

8.757 

10.01 

11.26 

12  31 

19 

0  0132 

0  660 

1.320 

1.981 

2.641 

3  301 

3  961 

4,622 

5,282 

6,602 

7.923 

9.243 

10  56 

11.88 

13,20 

20 

0  0139 

0  693 

1.390 

2  085 

2,780 

3  475. 

4.  170 

4  865 

5,560 

6,950 

8.340 

9.730 

11.12 

12  51 

13  90 

21 

0  0146 

0  730 

1.459 

2.189 

2  919 

3  649 

4,378 

5  108 

5  838 

7.297 

8.757 

10.22 

11.68 

13.13 

14  59 

99 

0  0153 

0  764 

1  529 

2  293 

3  058 

3  822 

4., 587 

5  351 

6   116 

7.645 

9.174 

10.70 

12.23 

13  76 

15,29 

23 

0  0159 

0  799 

1.589 

2  398 

3  197 

3  996 

4  795 

5  595 

6  394 

7  992 

9. 591 

11  19 

12.79 

14  39 

15  89 

24 

0  0167 

0  834 

1.668 

2  502 

3  336 

4.170 

5  004 

5,838 

6  672 

8.340 

10  01 

11.68 

13.34 

13  01 

16  68 

25 

0  0174 

0  869 

1.737 

2.606 

3  475 

4.344 

3  212 

6  081 

6  950 

8.687 

10.42 

12  16 

13  90 

13  64 

17  37 

26 

0  0181 

0  903 

1.807 

2  710 

3  614 

4   517 

5,421 

6  324 

7,228 

9  035 

10,84 

12,65 

14,46 

16  26 

18.07 

27 

0.0188 

0  938 

1.876 

2.815 

3  753 

4  691 

5.629 

6  568 

7  506 

9.382 

11  26 

13,13 

15  01 

16  89 

18.76 

28 

0  0195 

0  973 

1.946 

2.919 

3.892 

4.865 

5.838 

6  811 

7,784 

9  730 

11.68 

13.62 

15.57 

17  51 

19,46 

29 

0  0202 

1.008 

2  015 

3  023 

4  031 

5  039 

6  046 

7  054 

8  062 

10  08 

12,09 

14,11 

16.12 

18.14 

20,15 

30 

0.0208 

1   042 

2  085 

3  127 

4  170 

5  212 

6  255 

7  297 

8,340 

10  42 

12,31 

14,59 

16.68 

18  76 

20  85 

31 

0.0215 

1,077 

2  1.54 

3  232 

4  309 

5.386 

6  463 

7  541 

8  618 

10  77 

12  93 

15.08 

17.24 

19  39 

21.54 

32 

0  0222 

1    112 

2.224 

3  336 

4.448 

5  360 

6  672 

7,784 

8,896 

11,12 

13  34 

15.57 

17  79 

20.02 

22.24 

.33 

0  0229 

1.147 

2.293 

3  440 

4   .587 

3  734 

6  880 

8  027 

9   174 

11  47 

13  76 

16  05 

18  35 

20  64 

22  93 

34 

0  0236 

1   181 

2.363 

3  .544 

4.726 

5  907 

7.089 

S  270 

9  452 

11.81 

14.18 

16,54 

18.90 

21   27 

23  63 

35 

0  0243 

1.216 

2.432 

3  649 

4  865 

6  081 

7,297 

8,514 

9,730 

12  16 

14  59 

17  03 

19  46 

21  89 

24  32 

Pipe  and  fittings  should  be  galvanized  and  insulated 
with  cork  II/2  in.  thick,  or  some  other  covering  of  that 
equivalent.  Long-radius  ells  or  pipe  bends  should  be  used 
throughout  to  lessen  the  friction  and,  at  points  where  it 
is  desired  to  place  a  fountain,  the  connection  should  be 
as  near  the  circuit  as  possible,  so  as  to  eliminate  "dead 
ends."    All  waste  water  should  flow  directly  into  a  sewer. 

The  refrigerating  machine  may  be  of  the  absorption  or 
the  compression  type,  the  latter  being  generally  used,  due 
to  the  diversified  manner  in  which  it  may  be  driven. 

Investigation  of  some  of  the  plants  in  operation  shows 


For  example,  suppose  it  is  desired  to  know  what  size 
ci'  refrigerating  machine  is  necessary  to  cool  500  gal.  of 
water  per  hour  from  70  to  45  deg.  F.  The  difference  in 
temperature  is  25  deg.  In  Column  500,  opposite  a  reduc- 
tion of  temperature  of  25  deg.,  read  8.687  tons  ice-melt- 
ing effect.  The  efficiency  of  the  refrigerating  machine 
will  vary  with  the  suction  and  condenser  pressure;  but, 
if  these  are  maintained  at  the  usual  figures  of  15  and  185 
ib..  respectively,  it  will  lie  between  75  and  80  per  cent. 
Assuming  75  per  cent,  efficiency,  the  standard  rating  of 
the  compressor  would  be  11.6,  or,  say,  12  tons. 


Fig.  2.  Ten-ton  Plant  at  Continental  Works  of  Xational  Tube  Co.,  Cooling  Drinking  Water 
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In  Massachusetts 

Massachusetts  lias  the  distiuetion  of  having  adopted 
the  most  comprehensive  and  far-reachiug  measures  con- 
trolling boiler  inspection  and  the  licensing  of  engineers. 
So  generally  have  these  laws  been  approved,  that  Ohio 
took  them  as  a  pattern  for  its  own  laws  and  all  states 
i^iuce  and  now  contemplating  legislation  along  similar 
lines  are  closely  studying  the  Massachusetts  enactments. 

That  there  is  need  of  state  supervision  in  the  matter 
of  the  sort  of  steam-generating  equipment  that  shall  be 
permitted  to  operate  and  the  character  of  men  allowed 
to  have  charge  of  steam  plants,  is  beyond  question. 
Safety  of  the  public  alone  is  a  sufficient  consideration, 
and  if  they  could  all  only  realize  it,  as  some  of  them 
do,  it  is  quite  as  much  to  the  interest  of  owners  and  op- 
erators that  the  state  shall  require  all  possible  precau- 
tion against  power-plant  accidents. 

An  owner  who,  unwittingly  or  from  false  ideas  of 
economy,  would  maintain  an  unsafe  boiler  or  employ  an 
incompetent  engineer,  should  be  protected  from  his  own 
ignorance  or  folly.  The  same  is  true  of  any  engineer, 
who,  lacking  laws  to  prevent,  might  be  required  to  use 
an  unsafe  boiler,  or  be  tempted  to  take  charge  of  equip- 
ment he  was  unqualified  to  handle.  Generally,  it  is  the 
very  ones  most  benefited  who  are  the  most  active  in 
opposing  the  adoption  of  laws,  and,  failing  in  that,  their 
enforcement.  For  all  the  world  like  a  headstrong  child, 
they  rebel  against  the  discipline  that  is  for  their  own 
best  good.  And  such  is  the  case  in  Massachusetts  if  the 
newspaper  reports  are  authentic. 

A  representative  of  the  legislature,  with  more  thought 
lor  votes  than  for  the  value  of  human  life  and  property, 
is  seeking  popular  favor  by  introducing  a  bill  to  set 
aside  the  requirement  that  a  first-class  engineer  be  em- 
ployed to  operate  plants  of  more  than  1400  horsepower. 
He  would  have  second-class  men  or  those  with  special 
licenses  take  charge  of  such  plants. 

Equally  misguided  are  those  in  another  part  of  the 
slate  who  have  complained  of  a  .state  boiler  inspector 
who  took  his  duties  seriously  and,  believing  that  laws  were 
meant  to  be  enforced,  was  so  untactful  as  to  swear  out 
warrants  for  the  arrest  of  violators  of  the  inspection  law. 
The  whine  is  that  his  prosecution  is  persecution,  and  it 
is  said  the  inspector  has  bad  a  tip  from  "iiigher  u])," 
lliat,  if  he  desires  to  remain  in  his  present  capacity,  it 
would  be  wise  for  liim  to  lie  nmrc  inodci'iilc  in  the  en- 
forcement of  the  laws. 

Without  knowing  the  details,  it  may  be  granted  as 
coiiceival)le  that  tlu;  inspector  is  abusing  his  authority. 
Some  puiilic  olTicials  have  taken  advantage  of  their  power 
to  serve  their  own  ends.  It  is  hardly  likely  in  this  case 
that  graft  could  be  the  motive  or  the  "])ersecuted"  parties 
would  not  have  had  to  go  "higher  up."  Moreover,  the 
newspaper  account  .states,  "in  most  cases  the  courts  have 
found  in  his  (the  inspector's)  favor."  The  account 
further  states  that  the  insju'ctor  was  threatened  by 
tho.se  he  prosecuted  that  intluence   would   be  brought  to 


iiear  to  have  him  removed  from  the  position.  We  re- 
joice that  thus  far  he  has  not  been  intimidated. 

It  is  unfortunate  that  the  papers  printing  the  reports 
referred  to  have  such  headings  as,  in  the  first  ease, 
"Measure  to  Help  Engineers,"  and,  the  second,  "May 
Trim  Sails  of  the  Boiler  Inspector."  The  first  looks  like 
deliberate  misrepresentation  in  behalf  of  the  local  plants 
that  would  like  to  have  cheaper  engineers  and  the  sec- 
ond is  similarly  partisan. 

Fortunately,  the  bias  of  the  daily  press  is  likely  to 
have  little  effect.  The  important  thing  is  for  the  State  of 
Mas.sachtisetts  to  remember  that  the  eyes  of  the  country 
are  upon  it  and  its  responsibility  is  great.  Failure  of 
the  laws  initiated  by  that  .state,  will  be  of  very  far-reach- 
ing effect  and  mean  a  setback  to  legislation  contem- 
plated in  many  other  states.  iSTow,  would  seem  the 
propitious  moment  for  all  engineers'  assciations  to  ex- 
})ress  themselves  by  resolutions  and  otficial  letters  where 
they  will  do  the  most  good,  urging  that  no  part  of  the 
jjresent  laws  be  repealed,  but  that  all  parts  be  strictly 
enforced,  for,   otherwise,   the  best   law   is   useless. 

Steam  Stuff 

Some  weeks  ago  we  called  attention  to  the  desirability 
of  a  generic  term  for  the  working  fluid  of  a  steam  en- 
gine. HjO,  with  which  the  engine  is  operated,  may 
come  into  it  as  superheated  steam,  and  be  exhausted  as  a 
mixture  of  some  eighty  to  ninety  per  cent,  steam,  and 
ten  to  twenty  per  cent,  water.  Our  editorial  set  forth 
that  one  could  not  properly  speak  of  this  operating  fluid 
as  steam,  when  it  was  part  water,  and  it  is  frequently 
necessary  to  make  the  distinction.  We  enumerated  the 
terms  such  as  "steam  stufl',"  "working  mixture,"  "op- 
erating fluid,"  "medium,"  etc.,  which  have  been  applied 
to  it,  and  asked  for  suggestions  for  a  concrete  and  com- 
prehensive generic  name  for  the  stiilf. 

The  readers  of  Power  are  always  ready  to  lal<e  a  shy 
at  anything,  even  at  language  building.  Several  sugges- 
tions have  been  already  published  in  our  I'orrespondeiice 
columns.  A  letter  before  us  suggests  as  especially  help- 
ful, if  adojited,  to  the  P^urojiean  jieople,  the  euphonic 
term  "venavivacqua,"  which  being  inter])reted  means  "a 
vena  with  life  and  water,"  or  "vajiorpartevivo,"  wliiili 
signifies  in  the  language  of  sunnv  llalv,  "vapor  partiv 
alive." 

Another  contestant  has  gone  to  the  (ircck.-^  foi-  bis, 
and  evolved  the  cognomen  "hydrothi-rin."  He  explains 
that  steam  may  be  superheated,  dry  saturated  or  wcl  : 
there  may  be  moisture  ]iresent  with  siiiicrhcalcd  slcain 
and  with  saturated  steam,  there  may  be  also  entrained 
moisture,  which  is  not  actually  mixed  with  the  steam  ; 
that  any  case  when  analyzed  is  bound  to  be  nothing  more 
than  heated  water,  and  that  llie  term  "bydrotherm" 
covers  each  and  evei-yoiie  (if  the  slates  of  condition  of 
water  and  steam. 

Another  suggests  that   it   ln'  called  "fog"  oi-  "vajiorol." 

Still    another    eorrespondiMil,    looking   over   a    eojiy   of 
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rarkers  ••Xaturnl  aiid  Experiiueiital  Philosophy."  pub- 
Jislicd  ill  isrii;,  was  si  ruck  with  the  statement  that  iiial- 
icr  I'xists  ill  Tour  dittereiit  states,  uainely.  the  solid, 
liquid,  ga.seous  and  the  vesieulai-  form.  The  latter  seemed 
1;)  he  a  specialty  of  Mr.  Parker's,  as  most  other  authors 
st()|)ped  their  eiiumeratioii  of  the  states  of  matter  with 
lliree.  He  deliiies  it  as  that  form  of  matter  in  which  we 
see  it  in  clouds.  It  consists  of  minute  vesicles  somewhat 
rcsemhiiiig  huhhles,  and  it  is  the  state  into  which  many 
vapors  pass  before  they  assume  a  fluid  cdiiditiou.  Water, 
for  instance,  i.s  solid  in  the  form  of  ii-e.  fluid  as  water. 
in  a  gaseous  state  when  converted  inld  >ieani.  and 
\esicular  iu  the  form  of  clouds.  Our  corrc>poiiilciit  sug- 
gests that  while  the  term  "vesicular  steam'"  cannot  he 
•  onsidered  as  a  name  for  the  composition  H^.O  in  all  its 
conditions,  it  would  i)e  much  more  delinite  for  »U'signat- 
iiig  the  composition  when  in  the  condition  referred  To  iii 
the  editorial  than  siicii  iue.\pressive  1erms  as  ■■niixturc," 
"steam  stuff,"  etc. 

An  analysis  of  the  last  paragraph  will  reveal  the  need 
which  we  emphasize.  Several  lines  aho\e  it  is  said,  iu 
the  language  of  our  correspondent  and  jirohably  of  the 
author  whom  he  was  quoting,  ■"Water,  ft^r  instance.  if» 
solid  iu  the  form  of  ice,"  etc.  It  is  not.  for  wlien  H._,0 
becomes  ice  it  is  no  longer  water.  ILO  in  its  solid  form 
is  ice,  in  its  liquid  form  water,  in  its  vaporous  or  gase- 
ous form  steam.  What  we  want  is  a  word  for  the  sym- 
bol H.,0  in  this  expression  simpler  than  the  chemical 
name  hvdrogen-oxide. 


Glenlyon    Economizer   Explosion 

The  coroner's  jury  in  the  ease  of  the  two  men  killed  by 
tlie  explosion  of  an  economizer  at  the  (ileulyon  Dye 
Works,  Saylesville,  1{.  I.  (see  Powiui.  .Ian.  Ss.  page 
j36),  has  found  that  the  (wo  men  "came  to  their  death 
by  accident  and  misfortune"  without  obtaining  any  ad- 
ditional light  upon  the  cause  ami  the  manner  of  the 
disaster. ' 

It  is  generally  conceded  that  the  explosion  occurred  m 
the  section  of  the  economizer  which  had  been  shut  off 
for  the  renewal  of  one  of  its  tubes.  Water  may  have 
been  left  in  the  idle  economizer  or  leaked  back  from  the 
boilers  or  in  from  the  feed  pipe.  With  water  in  the 
economizer,  an  inoperative  safety  val\c.  and  enough  gases 
|>assing  the  dampers  to  even  a  little  more  than  supply 
the  convection  and  radiation  losses,  an  explosion  would 
be  inevitable,  and  this  is  ])robably  the  way  it  occurred. 
There  are  those,  however,  who  attribute  it  to  an  ex- 
]!losion  of  gas  in  the  gas  pa-^sage  of  the  economizer,  which 
liad  an  aggregate  volume  of  some  18(H)  cubic-  feet. 

Such  an  explosion  is  possible,  but  there  is  a  lack  of 
information  as  to  contributing  circumstances  to  enable 
us  to  judge  of  its  j)robability  in  this  case. 

It  idle  boilers  or  boilers  with  heavily  bankeil  fires 
were  connected  through  the  economizer  it  is  possible 
that  their  furnaces,  acting  as  i>roducers,  may  have  given 
oH'  gas  rich  enough  in  carbon  monoxide  to  jiroduce  an 
explosive  mixture,  liiit  the  corouer  finds  that  "the  firing 
o!'  the  boilers  was  no  difi'erent  than  at  other  times." 

It  is  probable  that  no  definite  and  satisfying  explana- 
tion of  the  cause  will  ever  be  found.  The  lesson  to  be 
learned  is  that  water  in  an  economizer  subjected  to  heat 
vdll   generate  pressure   and    if  the   usual    outlet   to   that 


pressure  tlirough  the  boiler  is  cut   olf.  the  pi-essure  may 
uicrea.se  to'that  corresponding   with   the   icmpci-ai  urc  to 
Vihieli     the     Miller     may     bccdine     healed.      When     the 
ei-onomizer     is     in     (ipcraiinii     and     eoniiecled     tn     the 
boilers      there      is      nolhini;      for      the      safely      \al\e     to 
do,     for      if      the      pri'ssnrc      in      the     ecdiinmizer     gets 
to    lie    greater    than    that     in    the    boilers    it     will   relieve    ,. 
Itself  into  them.      When   this  cnunee!  ion   is  closed   there    ■ 
should  be  an<ithi'|-  p<)siti\ely  upeii   whii-li   will   relieve  anv    il 
pressure  which   may  be  generated   iii   the  eiMiniiiiiizi'r.      In     1 
( ;!se   the   eeoiKiinizer    is   to    lie    laid    nl]    liir    inspectinn    or     I 
repairs    il    sbdiild    i)e    draiiiecj    al'    waler    and    the    bbixvutf 
\aive  and  air  \cMits  left  open.      In  unler  In  avoid  anv  pos- 
sibility   of   aii    aecnmulation    of   gas    in    the  gas   ])as>ai:"s 
the  soot-pit  doors  and   such  oilier  openings  as  are  a\ail- 
iible  should    be    left    open    to    |icrmit    the    free   eirciilaliou 
of  air. 

With  these  simple  jirecaulions  an  economizer  is  no- 
where nearly  as  likely  to  exjilode  as  is  a  boiler,  as  is  evi- 
denced by  the  remarkably  few  ex])losioiis  which  have 
occurred  among  the  large  iiiimber  of  economizers  iu 
use  in  all   kinds  of  .'service. 


The  Average  Owner 

On  page  3oO  we  print  a  Iciter  taking  exception  to  our 
editorial  on  "The  Average  ()\\  iiei."  in  the  Uec.  :il  issue. 
We  feel  it  a  duty  to  hold  our  ci>lumiis  wide  o|ien  to  the 
opinions  of  those  who  disagree  with  us.  which  i>  ilic 
priuci])al  reason  we  print  the  lett<'r  in  question.  .Viioili,  i 
reasim  is  that  we  may  hold  it  up  as  a  horrible  examiile 
of  what  we  do  not  like  to  use.  as  explained  in  the  editorial 
'"Being  Contented"  in  the  Oct.   l'>,  \'U2.  issue. 

This  is  no  reflection  on  tlu;  writer  of  the  letter,  for 
his  views  are  probably  justified  by  his  exiierieiices.  We 
still  believe,  however,  that  the  owner  he  pictures  is  the 
ex-ception,  not  the  average.  We  do  congratulate  Brother 
Robinson  for  having  written  one  of  the  neatest  gems  of 
sait'asm  and  ])e.ssimism  that  we  Uaw,  read  in  a  long  time. 
While  entirely  disagreeing  with  his  opinions,  we  thor- 
oughly appreciated  the  IPtter  judged  as  a  idece  of  compo- 
sition. 


What  \'acuum? 

T).  'M.  Morrison,  tlie  Scotch  condenser  builder,  who 
pointed  out  some  lime  ago  that  in  reciiirocating  ]narine 
installatitms  the  highest  attainable  vacunin  is  Jiot  synony- 
mous with  overall  eeononiy.  now  gives  ex])re.ssioii  to  Ins 
opinion  that  the  value  of  a  vaeuiiin  of  over  twenty-eight 
and  one-half  inches  for  marine  turbines  is  becoming,  un- 
der many  conditions,  open  to  ipiestion.  .-Vlniost  every- 
iliing  in  engineering  is  a  ccunpromise,  and  while  <iii  the 
one  hand  you  may  have  a  fair  percentage  of  iiii])rovement 
ill  the  steam  consumption,  on  the  other  hand  you  have 
;o  consider  the  increa.sed  circulating-pump  consuni]ition. 
the  incn^ased  weight  and  sjjac-e  for  air  and  circulating 
jHimps,  the  ir.crci-ased  weight  and  space  of  the  main  c-oii- 
densers.  the  effect  of  reducing  hotwell  temperature,  and 
the  increa.^ed  weight  and  space  of  (he  low-pressure  tur- 
l)ines  to  satisfactorily  utilize  the  high  vacuum.  It  is 
}>ossible,  therefore,  that  we  may  c'oine  in  the  end  to  re- 
gard a  practical  limit  in  the  reduction  of  bac-k  pressure 
as  desirable,  even  for  turbines. 
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Testing  Springs   for   Pop  Safety  Valves  "■"■  "'""■'^■'^  ''"|'  '"'™^-    -^  •''■"•'  "'""ii'i  i>«'  ii"»g  on  the 

v.all   in   full  view  of  the  employees,  showing  how  to  in- 

Kerciitly   1    had   to  take  out  two  loeomotive  pop-sal'eiy  ,i,„.e  artificial   respiration,  and' every   man   in  the  plant 

valv(-   spnn.us   and    rejjlaee   them   with    lighter   ones   thai  ..hould  be  taught  the  procedure. 

were   to  carry   only    :io    ll>.    ])ressure.      Not    knowing  the  "                                                 ^^  Lamaeine. 

.formula  to  liiul  the  right   size  of  wire  to  make  a  spring  j^gw   Bedford.   Mass. 

capahle  of  yielding  at  a  given  loa<l,  1  used  the  testing  ar-  ... 

raiiffement  shown.     This  outfit  is  home-made,  consisting  j      \  ■       i>v            r^-i 

chiefly    of    liftings    an,l    a    small    tank    found    about    the  CompreSSed    Air    DuSt     Filter 

plant.  After  setting  up  an  air  compressor  in  the  vicinity  of 

The  procedure  for  testing  these  springs  was  as  follows:  .,„   ore-reducing  plant   it   was   fouml   that  ore  dust  "was 

I  made  a  brass  plug  .1   to  fit  the  safety  valves  which  drawn   through   the  compressor,   info  the   pipelines  and 

were  also  provided  with  Y^-in.  nipples  so  that  connection  finally  into  the  pneumatic  tools,  causing  trouble  and  ex- 

lO  an  air  hose  could  be  made.     The  tank  <'  was  sul)ject  j'ense. 

Ouilef  Tapped  for  4" Pipe 


V/Z/Z/zMcy: 
Eyrii'MKxr  ion  Thsting  Safety  Vai.vi;.s 

to  air  pressure  at  Hm  lli.  taken  from  the  nuiin  air  re- 
ceiver. A  gage  was  lift(>d  to  this  tank  so  as  to  register 
the  pressure  within  it.  For  testing  the  springs,  air  at 
o(i  111.  pressure  was  admitted  to  and  maintained  in  the 
tank,  iheii.  holding  this  pressure  in  the  tank,  the  pop 
valves  were  set  to  opei-at(>  at  this  jiressure.  This  is  per- 
haps one  of  tlu'  sim])lest  ways  to  lest  s])i-ings  and  set 
such  valves.  The  gage  attached  to  llic  tank  should,  of 
course,  be  accurate. 

Jami:s  C.  Mattisox. 

\  auc-(ju\el-.    i'l.    ( '. 


First  Aid  in  the   Engine  Room 

There  ai'e  t-teanr  plant>  in  uliiili  not  so  murli  as  a 
roll  of  cotton  bandage  lan  he  foinid  in  case  of  injury  to 
on  employee.  Kvery  plant.  n<i  matter  how  snnill,  should 
have  somi'thing  on   hand   for  (iii.-..  luii'iis  oi-  more  serious 

accidents.      One    ean     make    a    small    ealunel     in    which  After   considerable   cxperinieni  ing    with    various   types 

Riici!   emergency    supplier   can    he    >inivd    a>    pci-.,\id,.   of  of  screens  the  following  whs  adopted  :     A  piece  of   l^-in. 

hy.lrogeii.   creoline.   capsicol.    iinirnciii  inc.    adbcHvc   tape.  pipe,  about  4  ft.   long,  was  fitted  with  cast-iron  screwed 

one   package   of   alisoriienl    cotton    an<l    bandage    tape;    a  llaiiges   on    both    ends.      A    cast-iron    plate,   ta])ped   for  a 

pair  of  scis.-^ors  and   a    I'd   Cross  cinert:en.-y   inslriiciioii  4-iii.  pipe  was  bolted  to  the  lower  iMid.  also  r<uir  wrought^ 

''"'>■<•  iron   supporting  legs. 

A   first-aid   kit    for   treating  elcd  ric   shocks   and    burns  A   longli  urate,  made  u]i  of  strips  of  a.xi/i-in.  fiat   inui 

should    contain    one    boitic    of   >pirils    of    ammonia;    one  with    :'|-in.    pipe   separators    1  V-i    in-    long,   and    held    to- 

hottle  of  ])icric  acid:  a  tin  cup:  a  pair  of  tongue  pliers:  geilier  with  one  1^-iii.  Iiolt    1  I  l/'i   in.  Ion?,  was  placed  on 

i'  towel;  one  packa;rc  each  of  antiseptic  cotton  and  aiiti-  the  lioiloin.      The  pi|ie  was  filled   to  within   ■'>   in.  of  tli« 

septic  baiidaj/e:  a  roll  df  adhesive  tape:  a  pair  of  scissors  top   with   stones  about    the  size  of  a  large  orange.      The 

and  an   inMrmiion   I k   on   the  first   aid   in  case  of  elec-  -loiies   were   dippi^d    in    a    thick,   .sticky    refuse   <ul.   wlneii 


In  lei  Tapped  for  4"  Pipe 
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happeued  to  be  handy  at  the  time,  before  they  were 
placed  in  the  pipe.  As  we  figured  that  in  time  the  oil 
woidd  work  to  the  bottom,  a  second  grate,  similar  to  the 
other,  was  placed  on  top  of  the  stones  so  the  apparatus 
could  be  turned  over  and  used  in  a  reversed  position.  A 
flange  and  gasket  similar  to  that  on  the  bottom  was 
placed  on  the  upper  end.  Drip  cocks  were  also  placed 
near  each  end  so  that  any  accumulated  water  might  be 
removed.  The  line  from  the  compressor  was  then  con- 
nected to  the  bottom  flange,  by  nipples,  ells  and  flanged 
unions;  the  same  arrangement  was  used  on  the  upper 
end  to  convey  the  filtered  air  to  the  machines. 

Since  installing  this  device  two  years  ago  we  have 
cleaned  it  twice,  and  on  each  occasion  found  that  a 
large  amount  of  dirt,  lint,  etc.,  had  been  collected  by 
the  oil,  without  any  reduction  in  the  efficiency  of  the 
oil.  This  same  arrangement  can  be  used  on  the  dis- 
cliarge  end  of  all  lines  if  they  are  of  any  great  length, 
as  all  \\TOught-irou  pipe  will  shed  loose  scale,  especially 
when  first  put  iu  service,  also  after  being  out  of  use 
for  some  time. 

AV.  G.  Harris. 

Elizabeth.  X.  J. 

Indicator    Diagrams   from   High   Duty 
Pumping  Engine 

Yes,  dear  reader,  you  are  right.  The  steam  eccentric 
should  be  advanced  a  hair,  the  exhaust  eccentric  backed 
up  three-eighths  of  an  inch,  the  rod  connecting  the  ex- 
haust valves  lengthened  one  full  turn  and  the  crank-end 


interest  us  more,  is  how  he  got  that  cutoff  on  the  crank 
end  of  the  high-pressure  cylinder.  Looks  a  little  like  a 
sticky  indicator. — Editok.] 

Reach   Rod  Lost  Motion  Eliminated 

At  the  plant  of  which  I  have  charge,  trouble  has  been 
e.xperienced  in  keeping  the  lost  motion  out  of  the  engine 
reach  rods.  Shims  were  fitted  each  year  when  repairs 
were  made,  and,  although  the  amount  of  wear  would  be 
small,  it  caused  a  disagreeable  noise. 


Eeach  Eod  As  It  Was,  also  Showing  Altered 
Shape  of  the  Teeth 

As  the  slots  in  the  reach  rods  are  made  square,  the 
teeth  which  fit  in  them  are  enough  smaller  to  allow  of 
easy  connection.  While  making  repairs  last  summer,  I 
had  the  teeth  and  recesses  made  on  a  slight  taper  with 
the  teeth  large  enough  to  bind  on  the  sides  before  the 
bottom  was  within  i/g  in.  from  striking,  as  shown  by  the 
sketch.  This  makes  it  easy  to  hook  up  and  has  entirely 
and  permanently  removed  the  lost  motion. 

E.   W.    Meeker. 

Canibridfre,  ilass. 


HIGH        PRESSURE 


l_OW       PRESSURE  pown, 

IxDicATOE   Diagrams   from   High-duty    Pumpixg 

ExGiXE  (High-pressure  Craxk  Leads  the 

Low  bt  90  Deg.) 

governor  rod  lengthened  one-sixteenth ;  but  what  causes 
the  back  pressure  to  increase  slowly  until  midstroke  and 
then  slowly  fall  away  until  compression  begins? 

Don't  spoil  it  all  by  asking  if  the  cylinder  is  steam 
jacketed. 

L.  C.  Tucker. 
'  Xewburyport,  Mass. 
[Our    correspondent    has    anticipated    the     common 
criticisms  and  perhaps  his  own  question.     What  would 


Number  of  Boiler  Passes 

In  an  advertisement  I  noticed  the  claim  that  "the  last 
pass  of  a  boiler  does  not  pull  its  own  weight."  I  should 
like  to  ask  the  opinion  of  engineers  on  that  subject.  If 
this  is  true,  why  are  some  boilers  being  built  now  with 
four  passes? 

Furthermore,  the  statement  does  not  coincide  with  the 
conclusion  arrived  at  in  the  Bureau  of  Mines  bulletin  on 
the  "Transmission  of  Heat  into  Steam  Boilers,"  where 
the  prediction  is  made  that  the  boiler  of  the  future  will 
have  more  passes  with  proportionally  smaller  area  of 
gas  jjassages  than  at  present  on  account  of  the  increased 
economy  to  be  realized.  Tn  this  connection  I  should  also 
like  to  state  that  I  know  personally  where  economizers 
were  dropped  from  a  proposed  boiler  house  because  the 
manufacturers  were  unwilling  to  guarantee  that  they 
would  pull  their  weight. 

Charles  Cobb.  .Tk. 

Kewanee.  111. 

[Mr.  Cobb  will  be  interested  in  the  editorial  entitled 
"Four  Pass  Boilers,"  in  the  Sept.  17  issue,  and  a  letter 
discussing  this  editorial  which  appeared  Feb.  25.  We 
shall  be  glad  to  hear  from  any  other  readers  having  any- 
thing to  offer  on  the  subject. — Editor. 1 
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Fireman  "Lost    His  Head" 

The  following  experience  illui^trates  tlie  necessity  of 
'■'looking  before  you  leap."  Some  years  ago  the  writer 
was  employed  as  a  fireman  in  a  plant  having  ten  350-hp. 
locomotive-type  boilers,  operating  at  110  lb.  pressure. 
Normally  nine  of  the  boilers  were  in  operation  and  were 
handled  by  a  force  of  three  firemen,  one  of  whom  also 
attended  to  the  needs  of  the  feed  pumps,  which  were  in 
a  room  at  the  back  of  the  boiler  room. 

One  evening  the  chief  fireman  had  gone  to  the  p\imp 
room  to  attend  to  the  lubricators,  having  first  coaled  his 
fires  sufficiently  to  last  the  few  minutes  he  expected  to  be 
away.  On  his  return  he  heard  the  high-  and  low-water 
alarm  sounding  on  Xo.  3  boiler,  which  was  one  of  his 
set.  Glancing  up  at  the  gage-glass  and  failing  to  see 
the  water  level,  he  immediately  opened  the  blowoff  valve 
a  little  and  proceeded  to  coal  up  his  fires,  expecting  the 
water  soon  to  return  to  its  normal  level.  When  he  fin- 
ished coaling,  the  whistle  was  still  sounding.  The  water 
could  not  yet  be  seen  in  the  glass,  so  he  then  tried  the 
gage-cocks  which  revealed  that  instead  of  being  full  of 
water  the  boiler  was  empty  with  a  fierce  fire  in  the  fur- 
nace. First  closing  the  blowoff  valve,  he  speeded  up  the 
pump  and.  not  content  with  this,  he  started  the  in- 
jectors. 

About  this  time,  while  on  duty  at  the  further  end  of 
the  room,  I  heard  a  violent  pounding  coming  from  the 
direction  of  Xo.  3  boiler.  Running  along  the  firing  alley 
to  investigate  I  noticed  the  empty  gage-glass  and  divin- 
ing the  trouble,  shouted  to  the  chief  to  close  the  stop 
valve  ou  top  of  the  boiler,  at  the  same  time  I  clo.sed  the 
feed  valve  and,  grabbing  a  shaking  bar,  dumped  the  fire 
into  the  ashpit. 

By  this  time  the  pounding  had  ceased,  but  the  whistles 
on  all  the  other  boilers  were  blowing,  as  a  result  of  the 
increased  speed  of  the  pump  and  the  extra  water  sup- 
plied to  them  by  the  injectors.  An  inspection  of  Xo.  3 
boiler  revealed  a  badly  sprung  firebox  and  showed  that 
most  of  the  tubes  leaked  at  the  ends. 

Wheeling,  W.  Ya.  RoBKKr  Tomlixsox. 

Overhauling  Engine   Pistons 

We  all  know  of  the  losses  incurred  in  steam-engine 
practice  by  leaky  pistons,  and,  therefore,  realize  the  ne- 
cessity of  frequently  taking  indicator  diagrams  to  reveal 
the.se  losses.  It  is  probably  good  practice' to  overhaul  the 
engine  ])istons  every  six  months. 

The  designs  of  pistons  vary  from  the  simple  solid  block 
with  grooves  cut  in  its  circumference  to  prevent  leak- 
age, to  the  types  found  in  power  stations  and  marine 
work,  whicii  have  dozens  of  springs  and  segments  all  set 
logcther  to  form  a  continuous  ring  in  contact  with  the 
cylinder  wall.  Xo  matter  what  the  design  is,  the  func- 
tion of  the  piston  packing  is  the  same  in  all  cases,  namely. 
to  give  a  steam-tight  working  joint  with  a  minimum  of 
friction  between  the  working  parts. 

With  this  end  in  view  all  springs  in  a  s])ring-riTig  pis- 
ton ought  to  be  light,  consistent  with  the  working  pres- 
sure, and  with  lension  just  sufficient  to  hold  the  surface 
of  Ihe  ring  in  contact  with  that  of  the  cylinder,  against 
vibration  and  irregularity  of  the  cylinder-wall  surface. 

One  of  tlie  simplest  and  best  pistons  made,  and  one 
easy  to  overhaul,  is  shown  herewith.    The  carrier  A  is  of 


L-shaped  section  with  three  grooves  sunk  in  its  perimeter 
to  hold  in  position  three  split  cast-iron  rings.  To  over- 
haul this  type  of  piston,  all  that  is  necessary,  once  the 
cylinder  head  is  removed,  is  to  slacken  back  the  tap  bolts, 
which  hold  the  carrier  to  the  piston  proper,  then  the 
carrier  and  rings  can  be  lifted  out  and  the  rings  examined 
for  wear  circumferentially  and  also  as  to  width,  for  when 
there  is  too  much  clearance  in  the  grooves,  the  rings 
chatter  and  are,  therefore,  more  likely  to  become  broken. 
If  there  is  too  much  play,  they  should  be  replaced  with 
rings  of  a  breadth  which  is  just  a  good  fit,  easily  moved 
in  the  slot  by  hand.  On  no  account  should  the  rings 
be  fitted  tight,  as  they  are  likely  to  bind  and  be  pre- 
vented from  making  contact  with  the  cylinder  wall. 

In  fitting  rings  circumferentially  they  must  be  fitted 
in  the  cylinder  bore  at  its  smallest  diameter,  after  they 
have  been  split,  and  should  be  of  a  good  fit,  able  to 
hold  their  own  weight  when  in  position,  and  about  ^ 
in.  open  at  the  joint  where  they  are  cut.  If  these  con- 
ditions prevail  the  rings  are  ready  to  be  sprung  on  the 

Th/5  fop-boli  head 
should  be  sunk  be/av- 
the  surface  of 
ring  fogive 
clearance 
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carrier.  In  doing  this,  care  should  be  taken,  as  being  of 
cast  iron  and  very  brittle,  the  rings  are  likely  to  be  easily 
broken.  Before  the  new  rings  are  placed  in  position  the 
carrier  and  grooves  should  be  trimmed  up  with  a  smooth 
file  and  all  sharp  edges  taken  off. 

The  easiest  and  safest  way  of  p\illing  the  rings  in 
position  is  to  take  four  pieces  of  sheet  iron,  ,'it  in.  thick 
by  1/^  in.  wide,  and  long  enougli  to  reach  from  the  top 
edge  of  the  carrier  to  the  edge  of  the  bottom  groove,  as 
shown  at  B.  They  should  be  bent  L-shaped  so  that  they 
cannot  slip  when  a  ring  is  being  passed  over  them.  These 
strips  enable  the  rings  to  be  slipped  jiast  the  other  grooves 
and   placed   where  they  belong. 

Whatever  attention  is  given  to  the  piston  is  nu)re  than 
repaid  in  reduced  steam  consumption  of  the  engine  and 
smooth  running  of  the  ])lant.  Therefore,  a  systematic 
overhauling  of  the  piston  is  desirable  in  any  plant. 

Southampton.  England.  ('.  F.  Macdonau). 


The  160-milc  transmissiuii  liii.'  fiom  the  Ocoeo  River  hydro- 
lU-ctrlc  development  of  the  Tennessee  Power  Co.  to  NashvlUe. 
connecting-  the  system  of  the  Nashville  Ry.  &  Light  Co..  will 
be  completed  early  In  May.  Only  20  miles  more  of  wire  re- 
mains to  be  strung.  The  work  on  the  steel  towers  carrying 
the  66.000-volt  lines  is  being  pushed  and  It  Is  expected  tho 
large  force  employed  will  be  able  to  complete  the  work  and 
enable  the  Nashville  Co.  to  distribute  hydro-electric  power 
within  90  days. 
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The    Average  Owner 


Ou  page  ;)8ii.  Deo.  31  i.s.siu'  of  PowEii.  is  an  I'dilorial 
under  this  title:  '"The  Average  Owner."  which,  aciord- 
ing  to  m)'  e.\perienee,  observation  and  analysis  ol'  vou- 
ditious  among  such  plants  and  their  owners  does  not 
represent  them  as  I  have  always  understood  them. 

In  dealing  with  the  average  plant  we  are  confronted 
not  only  with  dense  ignorauce,  hut  also  with  an  airi- 
nionious  passivity  and  psychic  inertia  that  would  stagger 
a  government  mule.  I  know  the  average  plant  and  its 
arn'.ospheric  tension  and  morhidness.  Thi.s  is  not  said 
with  the  exchisio'u  of  the  average  j)lant  owner,  because 
you  know  that  the  atmosphere  or  sjiirit  of  any  institu- 
tion, no  matter  whether  it  is  a  power  |)lant  or  a  dry-goods 
store,  is  always  dominated  by  its  head.  i.e..  the  per.'<onal- 
ity  of  the  man  at  the  head,  or  leadersjiip  of  the  institu- 
tion. The  profound  tact,  knowledge  and  resourceful 
arguments  of  the  uptodate  engineer  will  be  al)out  as  ef- 
fective in  such  a  plant  as  the  idle  winds.  And  if  ])er- 
sisted  in  is  likely  to  cause  him  to  be  looked  upon  as  a 
nuisance   or  a  dieap  sort  of  side  show. 

But  the  well  informed  engineer  is  never  found  in  such 
a  plant,  because  there  are  no  attractions  there  for  him. 
and  because  he  is  not  wanted  is  the  rea.son  for  lack  of 
attractions,  and  the  rea.son  he  is  not  wanted  is  because 
the  owner  does  not  know  what  an  engineer  is. 

When  the  owner  becomes  sulliciently  awakened  by  the 
process  of  time  and  evolution  and  begins  to  realize  that 
there  are  many  things  about  the  works  that  he  lioes  not 
quite  understand,  wliich  are  holding  down  the  dividends, 
he  begins  to  wonder,  if  there  is  someone  who  does  un- 
derstand these  things,  and  linds  the  engineer  the  person 
he  needs.  TTnder  tiiat  condition  the  engineer  gets  a 
hearing  when  he  wants  something,  but  an  engineer  who 
is  not  president  of  the  company,  or  an  influential  mem- 
ber of  the  board  of  directors  of  the  average  plant  will 
not  get  on  very  fast,  and  moreover,  will  not  stay  there. 

Then.  too.  a  man  who  is  .studying  for  engineering  soon 
develops  ability  that  takes  him  away  from  the  avei'age 
plant,  to  one  where  he  gets  better  remuneration,  a  bet- 
ter position  and  has  a  better  prospect.  \'ery  meager 
wages  are  the  rule  among  the  average  power  plants.  Al- 
so likewise  very  crude  inefficient  wcn'kmen  are  employed. 
The  employers  do  not  manage  their  liusiness  as  they 
should,  and  the  men  they  em))loy.  and  the  wages  they 
pay  are  a  direct  reflection  of  their  judgment  in  gen- 
eral. Also  the  factory  is  not  properly  lighted  and  venti- 
lated, the  machinery  not  placed  to  the  best  advantage, 
which  necessitates  much  e.xtra  handling  of  material  and 
many  other  things  come  in  here,  all  of  which  detract 
from  the  profits. 

They  have  to  pay  for  knowledge,  Ijcfore  they  will  re- 
ceive it.  There  is  no  use  to  ti'y  to  give  it  to  them,  nor 
even  to  pound  it  into  them,  because  they  cannot  see  it, 
and,  therefore,  do  not  want  it.  Time  and  experience  are 
the  only  agents  that  will  change  the  average  plant  own- 
er's notions  of  plant  operation. 


The  leiiei-  on  the  lower  right-hand  corner,  page  !J.S'2 
(if  I'()wi:i:  f(ir  Dec.  ■il  is  typical  of  the  average  owner.  I 
Ivuow  the  i)lants  and  country  around  Platteville,  but 
]U'vi!r  expected  to  .see  a  letter  from  that  neck  of  the  woods 
|)ublished  in  Povvici;.  and  the  author  of  the  letter  is  more 
jiromising,  energetic  and  ambitious  than  is  the  average 
individual  of  the  neighborhood  in  plant  life.  He  will 
see  his  mistake  in  a  few  months,  and  in  that  respect  is 
much  in  advance  of  the  average  engineer  or  owner. 
Thomas  C.  Eobixson. 

Fort  iladison.   Iowa. 


Cause  of  Knock  in  Gas  Engine 

In  answer  to  .Mr.  liobnett's  query  in  the  Dec.  3  issue. 
page  837,  as  to  the  cause  of  the  knock  in  his  60-hp.  gas 
uigine,  I  woidd  advise  that  from  the  description  he  gives 
the  knock  is  cau.sed  by  a  weak  exhaust- valve  spring.  The 
fact  that  the  engine  runs  quiet  when  up  to  speed  is  evi- 
dence that  the  trouble  is  not  caused  by  any  slack  main 
journal  or  woni  piston  rings.  If  the  exhaust-valve  spring 
IS  weak  enough  to  allow  the  valve  to  open  on  the  suc- 
lion  sii'okc  when  the  governor  at  full  speed  throttles  the 
charge,  there  will  be  heard  a  click  or  knock  when  the 
\alve  seats  itself  at  the  end  of  the  stroke.  There  may 
be  a  rejiealed  sound  as  if  the  valve  slapped  against  the 
scat  two  (ir  more  times.  .Vt  a  certain  load  this  sound 
will  be  irregulai',  and  will  cease  as  the  load  is  increased. 
For  a  four-cycle  engine  this  knock  will  occur  every  sec- 
oiul    revolution. 

The  troid)le  being  in  one  cylinder  only  would  indicate 
cither  that  one  sjjring  is  weak,  or,  if  there  is  one  throttle 
valve  for  each  cylinder,  that  the  governor  throttles  more 
for  one  cylinder  llnin  for  the  other.  The  remedy  in  this 
ca.-ic  would  be  to  adjust  the  governor  connection  so  as 
Ti.  thi'cjttle  eipiidly  in  all  cylinders.  If  the  exhaust-valve 
.-pring  actually  is  weak,  a  washer  put  under  the  valve- 
srem  cap  may  incicasc  the  tension  of  the  spring  suffi- 
ciently to  stop  the  noi.se.  The  force  reqtiired  in  a  spring 
to  resist  the  partial  vacuum  formed  in  a  throttling-en- 
gine  cylinder  at  lightest  load  should  be  from  9  to  12  lb. 
]>ey  sq.in.  of  valve  area. 

Mr.  l?obnett  states  that  the  engine  knocks  while  com- 
ing to  .speed.  I  ])resume  this  to  mean  the  period  before 
the  load  is  thrown  on,  and  if  so,  the  throttling  of  the 
charge  would  have  much  influence  on  the  action  of  the 
>alve.  If  the  statement  refers  to  the  short  period  (a 
matter  of  a  few  turns  probably)  while  the  engine  is 
actually  sjieeding  up,  there  would  then  be  no  throttling; 
(\\ce])t  bv  watching  the  governor  it  would  be  hard  to  tell 
exactly   when  throttling  takes  place. 

A.  il.  Lkonaki). 

ChicaiTd.   Ml. 


Mr.  Robnett  does  not  give  complete  details  of  his  en- 
gine. Likely  the  throttling  governor  is  at  fault,  eithei 
iunitiim'  or  lau'irimr.  due  to  being  too  stiff   or  to  the  link- 
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bciiia'  adjusted  lou  tightly.     It'  .so.  the  engiiiu  would  act 
a.s  follows: 

In  iucrea.siiig  tlie  speed  of  the  engine,  the  governor 
would  tend  to  lag  and  the  engine  would  not  get  suffi- 
cient fuel  on  one  stroke  and  the  mixture  would  fail  to 
ignite.  On  the  next  stroke,  however,  the  governor  hav- 
ing dropped,  owing  to  the  reduction  in  speed,  would  in- 
sure an  increase  in  the  quantity  of  fuel  admitted  to  the 
manifold.  There  would  be  an  explosion  in  the  cylinder 
and  the  hot  exhaust  gases  would  ignite  the  weak  mixture 
in  the  discharge  pipe,  causing  a  pronounced  tlium]>. 
This  same  action  and  explanation  would  account  Tor 
till'  knock  in  one  cylinder  at  every  other  revolution  of  the 
engine,  if  the  gas  leads  to  the  various  cylinders  were 
60  arranged  that,  while  one  cylinder  got  the  full  mixttire, 
the  oilier  did  not,  and  would  also  account  for  the  knock 
disappearing  at  half  load  and  loads  above  half  load. 

R.  H,  Danfokth. 

Annapolis,  Md. 

Solution    of  Reinforced  Lap  Joint 
Problem 

In  the  Xov.  .5  issue,  .1.  H.  Arnisti'ong  asks  for  the  effi- 
ciency of  a  single-riveted  lap  joint  which  has  been  re- 
inforced Ijy  a  cover  plate  on  the  inside  of  the  boiler. 

At  first,  it  looks  simple  to  determine  the  efficiency 
of  this  joint.  Referring  to  Fig.  1,  we  .see  that  the 
jiiint  will  fail  apparently  by  the  shearing  of  the  rivets  -V 
and  ]',  or  by  the  tearing  of  the  plate  along  the  line  of 
the  A'  rivets  (the  line  EF  on  Fig.  2).  The  plate  cannot 
tear  at  any  other  place  between  A'  and  }'.  for,  if  it  did. 
the  rivets  A'  would  have  to  shear  first  to  permit  such  ac- 
tion. If  the  joint  has  been  well  made  and  the  rivets  each 
take  their  share  of  the  load,  rivets  A'  would  not  shear  be- 
fore rivets  )'.  Tlence.  the  plalc  can  tear  onlv  along  tlie 
line  EF. 

If  we  draw  the  lines  AB  and  CH.  Fig.  2,  we  get  a  strip 
ABCD  -li/s  in.  wide,  which  Wi'  will  call  the  unit  strip. 
All  our  calculations  are  based  on  this  piece,  as  the  whole 
joint  can  be  looked  upon  as  a  continuous  line  of  these 
sections.  The  efficiency  of  the  joint  can  bi>  computed  just 
as  well  from  such  a  unit  strip  as  froiu  ihe  wluile  length. 
witii  nnich  more  ease. 

Referring  to  Fig.  2,  we  see  that  the  strength  of  the 
imperforated' strip  will  be  equal  to  the  product  of  the 
width  of  this  strip,  the  thickness  of  the  lioiler  plate 
and  its  tensile  strength,  or  strength  of  the  im]ierl'orated 
{>!ate  is 

^Vs  X  i'A  X  ')'^.Wn  =  ?().!)(i(i  //,. 
The  strength  of  the  perforated  jjlate  in  tension  (along 
the  line  EF)  equals  the  difference  between  the  width  of 
the  strip  and  the  diameter  of  the  rivet  iude  multiplied 
l>y  the  |iroduct  of  the  thickness  of  the  plate  and  the  ten- 
sile strength,  or  strengtii  of  the  joint  in  tension  is 
(41,/j  —  3/4)   X   (,'«)   X   (55,000)  =  58,000  lb. 

To  find  the  .strength  of  the  joint  in  shcTar,  we  see  that 
there  are  three  rivets  in  single  shear  in  the  unit  strip. 
The  area  of  each  rivet  equals  0.142  .iq.in.  The  force 
necessary  to  shear,  off  one  of  them  equals  the  product  of 
the  area  of  the  rivet  anfi  the  shearing  strength  of  the 
rivet  material,  or  the  force  to  shear  one  rivet  is 
0.112  X  42,000  =   ]H.r,r,i)  Jh. 

Hence,    for   the   three   rivets,   the   total    force   is  three 


limes  as  great,  or  55.(j8()  lb.     So.  the  joint  is  weakest  in 

shear  and  its  efficiency  will  be  the  ratio  of  the  weakest 

strength  to  the  strength  of  the  imperforated  plate,  or 

„^   .  .o5,G80       ,,^,  ,. 

Efflnnirii  =  ^^^-^-,-^^^^  =   <,S.(,  per  cent. 

US  Mr.  Armstrong  calculated   it. 

The  efficiency  of  the  single-riveted  lap  joint  without 
the  cover  jdate  can  similarly  be  computed  at  52.3  per 
cent.,  it  also  lieing  weakest   in  shear. 

Hence,  we  have,  apparently,  increased  the  efficiency  by 
-!0  per  cent,  of  the  original  value  by  the  addition  of  this 
( over  plate.  I  doubt  any  such  great  increase,  but  would 
])lace  the  efficiency  of  the  joint  from  45  to  60  per  cent,  in- 
stead of  78.6  per  cent. 

The  reasons  for  this  stalcmcnt  are  these;  For  the 
I'cst  results,  the  cover  [dale  should  be  a  snug  fit  against 
the  inner  heads  of  rivets  Y.  If  it  were  not,  the  pressure 
on  the  cover  plate  would  tend  to  straighten  the  latter, 
causing  an  extra  strain  on  the  Y  rivets.  This  would  be 
\ery  large,  as  the  cover  plate  would  act  like  a  toggle  or 
knuckle  joint.  Only  a  very  slight  separation  of  the 
jdate  and  rivet  heads  would  be  necessary  to  produce 
this  efl:'ect,  and  it  would  be  verv  hard  to  get  a  snug  fit 


Fie. 2 
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along  the  whole  length  of  the  boiler  seam.  This  action 
could  be  relieved  partially  by  not  calking  the  cover  plate 
and  allowing  steam  to  get  between  this  plate  and  the 
boiler  plate.  Otherwise,  the  cover  plate,  if  it  were  not 
stiff,  might  be  a  source  of  weakness  and  the  joint  would 
be  stronger  without  it. 

But  even  with  the  c<i\cr  plalc  snug  against  the  rivet 
heads,  the  theoretical  elliciency  would  not  be  realized. 
The  rivets  .\'  and  )'  would  not  shear  together,  the  rivets 
Y  shearing  first.  The  cover  plate  would  probably  bend 
straight  between  the  rivet  holes  before  the  rivets  X  would 
give  way  (see  Fig.  3).  Of  course,  this  vvould  depend 
on  the  stiffness  and  thickness  of  this  plate.  Assuming 
Its  thickness  to  be  equal  to  that  of  the  boiler  plate  and. 
taking  the  api)roximat<'  proportions  as  shown  from  Mr. 
.Armstrongr's  drawing,  I  have  calculated  that  the  force 
acting  along  the  circumferemc  of  the  boiler  |)lale  would 
have  to  be  about  I'lOd  lb.  per  sq.in.  to  start  straightening 
ihe  plate.     Hence,  for  the  unit  strip,  the  force  would  be 

1000  X   4%   =■--  4120  U>. 
I'sing  this  value  and  considering  that  the  rivets   )'  will 
shear  before  the  others.   I   have  (calculated  the  efficiency 
<if  tjie  joint  to  be  about   60  per  cent. 

.\s  for  the  force  necessary  to  straighten  the  cover  plate 
in  this  joint.   1  have  eahulaterl  as  follows: 

r)i.«lMiice.4 /i  =  thickness  of  the  jdate  =   {•„   in. 
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Distance  BC  =  width,  arbitrarilj'  taken  as  1  in. 

Distance  CD  represents  the  offset  to  get  around  head  of 
rivet  =  height  of  rivet  head. 

Height  of  head  usually  taken  as  0.6  of  rivet  diameter 
=   5}  in.  approximately  in  this  case. 

The  question  is  what  force  P  is  necessary  to  start 
straightening  the  plate  ? 

It  is  obvious  that  the  plate  will  start  to  straighten 
when  the  greatest  stress  across  the  section  ABC  has 
passed  the  elastic  limit  stress  for  the  material.  This  lat- 
ter value  may  be  assumed  at  about  32,000  lb.  per  sq.in. 
for  low-carbon  boiler  plate.  The  greatest  stress  will  oc- 
cur along  the  inside  of  the  bend,  or  along  the  line  BC, 
and  will  be  numerically  equal  to  the  sum  of  the  stress 
due  to  the  tensile  load  on  the  piece  and  the  stress  due 
to  flexure  or  the  fact  that  P  is  off  center.  This  can  be 
expressed : 

Elastic  limit  sfre.^s  = ,„,,-!- 

area  ABC 

bending  moment  on  A  B  C 


moment  of  inertia  of  section  ABO 
I  thickness  of  plate 


or. 


32,000 


solving.  P  =   1000  lb. 

I  agree  with  Mr.  Armstrong  that  an  applicant  would 
be  "up  against  it"  with  such  a  problem.  The  examiner 
must  have  put  it  in  as  a  catch  question  or  else  through 
Ignorance  on  his  own  part. 

S.  R.  Wing. 

Ithaca.  X.-  Y. 


Comment  on  Air    Receiver    Explosion 

No  matter  what  the  occurrence  may  be,  how  .seemingly 
mipossible  of  explanation,  or  how  vague  the  details,  the 
word  ■'mysterv'"  has  no  place  in  the  reports  of  boiler  fail- 
ures or  compressed-air  receiver  explosions  and  its  use 
in  this  connection,  literally  or  by  inference,  should  not  be 
permitted  to  pass  unquestioned. 

Recently  contributed  reports  of  air-receiver  explosions 
have  been  remarkably  suggestive  of  "mystery,"  and  they 
have  also  been  noticeably  deficient  in  presenting  such 
facts  and  data  as  would  permit  the  necessary  calculation 
to  ascertain  the  safe  working  strength  of  the  receivers, 
if  the  reader  so  desired. 

When  one  reads  the  account  of  an  air-receiver  explo- 
sion which  states  that  "the  receiver  was  being  operated 
under  normal  conditions  when  suddenly  the  bottom  of 
the  receiver  was  observed  to  be  red  hot,  closely  followed 
by  the  explosion,"  and  that  "subsequent  investigation 
.showed  that  an  accumulation  of  oil  and  grease  on  the 
interior  surface  had  ignited,  presumably  from  the  heat 
of  compression,  the  ensuing  combustion  so  weakening 
the  sheets  that  the  failure  resulted,"  the  sensations  pro- 
duced, if  he  labors  where  a  receiver  operated  under  like 
conditions  is  installed,  are  much  like  those  of  the  man 
«ho  was  told  that  the  can  he  had  been  carelessly  throw- 
ing around  was  full  of  nitroglycerin. 

Occasionally,  a  report  will  include  the  data  necessary 
for    calculating    the    safe  working    strength    of    the   ex- 


ploded receiver  and  the  reader  is  privileged  to  consider 
this  factor  and  its  possible  bearing  on  the  cause  of  the 
explosion.  The  report  of  the  explosion  of  an  air  re- 
ceiver at  the  McXamara  silver  mme,  Tonopah,  Xev., 
which  appeared  on  page  810,  in  the  Xov.  26  issue,  which 
states  that  the  "apparent"  cause  of  the  failure  was  th'\ 
"ignition  of  oil  and  grease  in  the  receiver,"  and  which 
also  contains  the  necessary  data  for  calculation,  is  an  in- 
stance where  fact  tends  to  controvert  theory. 

The  shell  .of  this  receiver  is  described  as  4  ft.  in  diam- 
eter and  16  ft.  long,  the  longitudinal  seam  being  a  sin- 
gle-riveted lap-Joint.  The  thickness  of  the  plate  is  given 
as  %  in.  Assuming  the  tensile  strength  to  be  45,00(^ 
lb.  per  sq.in.,  and  the  per  cent,  of  strength  of  the  longi- 
tudinal joint  as  0.56,  the  bursting  pressure  of  the  re- 
ceiver is  computed  from  the  formula : 
Tensile  strength  X  thickness  of  plate  x  efficiency  of  joint 


radius  in  inches 
Substituting  values, 

45,000  X  Q.375  x  0.56 


•>4 


393.7  lb.  per  sq.in. 


As  5  is  the  usual  factor  of  safety  for  this  type  of  con- 
struction, the  safe  working  pressure  will  be  ^  the  burst- 
ing pressure,  or 

393.7  -^  5  ^  78.74  Ih.  per  sq.in. 

The  pressure  carried  was  stated  in  the  report  to  be 
100  lb.  (gage).  As  this  is  uearlj'  25  per  cent,  greater 
than  the  commonly  accepted  rules  of  safety  would  sanc- 
tion, and  as  it  is  reasonable  to  suppose  that  the  receiver 
had  become  more  or  less  weakened  from  corrosion  dur- 
ing its  seven  and  one-half  years  of  service,  there  seem< 
to  be  good  grounds  for  doubting  the  "oil  ignition"  theory 
in  this  instance  at  least. 

It  must  be  admitted  that  the  elements  which  enter  into 
the  compression  of  air  are  such  as  to  be  capable,  under 
certain  conditions,  of  being  ignited  and  exploding,  but  1 
am  very  skeptical  that  the  required  conditions  are  ever 
present  in  the  ordinary  process  of  compressing.  For 
twenty  years  I  have  observed  air  compressors  and  re- 
ceivers subjected  to  abuse,  if  introducing  unfit  lubricants 
into  the  compressor  and  receiver  can  rightly  be  termed 
abuse.  In  locomotive  practice  I  have  seen  engiuemeu 
admit  quantities  of  kerosene,  lard  oil,  tallow,  car  oil. 
engine  oil  and  cylinder  oil  through  the  Suction  inlet  ol 
the  air  pump  in  their  efforts  to  stop  the  annoying  "groan- 
ing" of  the  pump,  and,  although  the  drainage  of  these 
receivers  almost  without  exception  shows  the  presence  I 
of  oil,  I  fail  to  recall  an  instance  of  receiver  failure.       " 

Like  the  "hidden  lap-seam  crack"  in  boiler  explosions, 
this  "oil-ignition"  theory  makes  a  good  "cover"  for  the 
concealment  of  gross  carelessness  in  operating  equipment 
which  was  unsuited  for  the  purpose  for  which  it  was 
used,  and  unless  more  conclusive  evidence  than  has  yet 
been  presented  is  forthcoming  it  is  likely  to  be  so  re- 


JosEPH  King. 


Lvnu,  Mass. 


As  a  result  of  a  dinner  given  by  the  Minneapolis  General 
Electric  Co.,  the  Minneapolis  Electrical  Board,  consisting  of 
seven  members,  has  been  formed.  Each  member  represents 
Oiie  of  the  following  electrical  interests:  Wholesale  houses, 
retail  dealers,  sign  manufacturers,  contractors,  fixture  deal- 
ers, city  inspection  department,  and  the  central  station.  The 
board  will  meet  once  each  month  for  the  discussion  of  things 
of  mutual  interest,  and  every  effort  exerted  toward  the 
greater  electrical  development  of  Minneapolis, 
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I    INQUIRIES  OF     GENERAL    INTEREST   I 
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Gravity — What   is  meant  by  the   force   ot  gravity? 

K.   V.  S. 

AH  matter  on  or  near  the  earth  is  attracted  toward  the 
center  of  the  earth  by  a  force  known  as  gravity.  The  weight 
of  any  given  body  is   the  effect  of  this  attraction. 


Nonfreezlns  Mixture  for  Gaee  Pipe — Wher^  a  steam  gage 
must  be  exposed  to  a  low  temperature,  what  is  a  suitable 
mixture  with  which  to  fill  the  gage  and  pipe  leading  to  it  so 
that  it  will   not  freeze? 

J.   C. 

Numerous  nonfreezing  mixtures  are  suitable,  but  a  cheap 
and  effective   fluid  is  plain   kerosene   oil. 

Plpe-Coverlnc  Tests — Where  may  one  obtain  reports  or 
data  of  tests  on  the  efficiency  of  pipe  covering  and  the  heat 
loss    to  the   atmosphere  per  unit   of  exposed  surface? 

J.  G.  B. 

A  compilation  of  tests  on  the  heat  lost  through  various 
pipe  coverings  is  given  in  Paulding's  "Condensation  of  Steam 
in  Covered  and  Bare  Pipes."  The  table  is  reprinted  in  the 
Stirling   Boiler   company's   catalog,   page    219. 


Distillate — How  much  solid  matter  is  there  in 
a  barrel  of  kerosene,  i.e.,  how  much  residue  would  remain 
after  evaporating  50  gal.  of   the  oil? 

J.  H.  T. 
There  should  be   no  solid  matter   in  kerosene   unless   it    got 
into   the    oil    subsequent    to    the    manufacture,    for    kerosene    is 
obtained   by    distilling    heavier    oils    and,    being   a    product    of 
recondensation.   will  vaporize   entirely  if  pure. 


Motor-Generator  Effleleney — What  is  the  usual  efficiency 
of   a    motor-generator   set? 

C.   Y.   U 

The  efficiency  of  a  motor-generator  set  depends  upon  its 
size.  If  both  sides  are  direct-current,  it  will  vary  from 
about  72  per  cent,  for  one  of  5  hp.  to  about  S2  per  cent,  for 
one  of  100  hp.  If  either  or  both  sides  are  alternating  current, 
the  efficiency  will   be   further  reduced   by  the   power  factor. 


Variation    of    .\tmo8pherlc    Pressure    with    Altitude — Why 

does    the    atmospheric    pressure    decrease    as    the    altitude    in- 
creases? 

V.  K.  S. 
The  pressure  of  the  atmosphere  at  any  point  is  due  to  the 
weight  of  air  above  that  point.     At  any  greater  elevation  the 
amount   and    hence    the   weight   of   air   still   above    being   less, 
the  pressure  will  also  be  less. 


Restorlne  Polished  Surfaces — How  can  the  polished  sur- 
faces of  an  engine  be  made  bright  again  after  becoming 
coated   with   burned  or   baked   oil   and  dirt? 

J.    F.    C. 

The  discoloration  generally  is  not  very  deep  and  then  can 
be  removed  with  emery  cloth.  If  oil  and  dirt  have  become 
baked  on  as  a  thick  coating,  oxalic  acid  will  soften  it,  but 
the  bright  surfaces  can  be  restored  only  by  scraping  and  pol- 
ishing  with   emery   cloth. 


SpeelDc  Gravity  of  a  Body — What  is  the  specific  gravity  ot 
a  body  and  how  is  It  found? 

S.    K.   V. 

The  specific  gravity  of  a  body  is  its  weight  for  a  given 
volume  as  compared  with  the  weight  of  an  equal  volume  of 
water.  To  find  the  latter,  weigh  the  body  In  the  air  and 
then  Immersed  In  water.  The  difference  between  the  two 
weights  will  be  the  weight  of  water  displaced  or  the  weight 
of  the  equal  volume  of  water.  Dividing  the  weight  of  the 
body  in  the  air  by  the  weight  of  the  displaced  water  gives 
Its  specific  gravity. 


Pressure  of  Water  Head — If  a  gage  Is  attached  at  the  foot 
of  a  1-ln.  vertical  pipe  filled  with  water  to  a  height  of  34  ft., 
what  should   It  register? 

J.  M.  H. 

The  size  of  the  pipe  has  no  bearing  In  the  matter,  for  the 
pressure  due  to  a  column  of  water  Is  independent  of  the 
area  of   Its   cross-section,    depending   only   on    Its   height,    and 


the  density  of  the  water,  which  varies  with  its  composition 
and  temperature.  If  the  surface  of  the  water  stands  34  ft. 
above  the  center  of  the  gage,  the  water  is  fresh  and  the 
temperature  is  about  62  deg.  F.,  each  foot  of  height  will  create 
a  pressure  of  0.433  lb.  per  sq.in..  and  a  correct  gage  should 
indicate 

34    X    0.433    =    14.722   lb.   per   sq.in. 

Polarity  of  a  Dynamo — How  can  one  determine  which  are 
the  north  and  which  the  south  poles  of  a   dynamo? 

G.    K. 

This  cannot  be  determined  by  mere  inspection  unless  it 
is  known  in  which  direction  the  current  flows  around  each 
pole.  This  being  known,  the  north  pole  will  be  found  at  the 
end  toward  which  the  core  would  travel  if  it  were  a  right- 
hand  screw  and  were  revolved  in  the  direction  that  the  cur- 
rent travels.  The  polarity  can  be  determined  by  a  test  with 
a  permanent  bar  magnet  or  with  a  magnetic  compass.  If  the 
north  end  of  such  a  magnet  is  attracted  when  brought  toward 
a  pole  face  it  indicates  that  that  face  is  a  south  pole;  if 
repelled,  that  it  is  a  north  pole.  The  magnet,  especially  if  a 
compass,  must  not  be  brought  so  close  that  the  greater 
force  of  the  machine  pole  may  reverse  its  magnetism,  for 
then  it  would  be  attracted  regardless  ot  its  original  magnetic 
condition. 


E)xhaust-Steam  Injeetor — How  can  exhaust  steam  from  a 
noncondensing  engine  force  water  against  boiler  pressure  as 
is  done  in  the  exhaust-steam   injector? 

H.  H.  J. 

It  is  not  by  the  direct  pressure  of  the  steam  that  any  in- 
jector forces  water  into  a  boiler.  In  the  injector  the  steam 
is  condensed  and.  its  volume  being  greatly  reduced,  its  pres- 
sure would  be  also,  no  matter  how  high  it  had  been  originally. 
The  principle  is  different:  the  steam  passing  through  an 
expanding  nozzle  has  its  energy  converted  into  velocity,  and, 
being  injected  into  the  core  of  a  contracting  column  of  water, 
is  condensed,  and  water  closes  in  behind  to  fill  the  vacuum. 
Meantime  velocity  has  been  imparted  to  the  combined  col- 
umn of  water  and  condensed  steam  and,  proceeding  through 
the  expanding  delivery  tube,  the  velocity  is  largely  converted 
back  to  pressure. 

In  a  sense  an  injector  may  be  compared  to  a  lever  or  any 
force-multiplying  mechanism.  Where  the  pressure  of  the 
steam  is  low  (as  in  an  exhaust  steam  injector)  it  simply 
means  that  more  steam  must  be  used  relative  to  the  quantity 
of  water  delivered  against  the  given  pressure.  The  analogy 
with  a  lever  is  that  where  the  working  force  is  small  the 
lever  must  be  longer  to  lift  a   given  weight. 


Saving  by  Covering  Boiler — A  boiler  has  2000  sq.ft.  of  sur- 
face exposed  to  the  atmosphere  in  a  boiler  room  whose  aver- 
age temperature  is  100  deg.  F.  The  steam  pressure  is  110  lb. 
gage.  Crude  oil  is  burned  of  a  calorific  value  of  IS, 700  B.t.u. 
per  lb.,  costing  $1.20  a  barrel  of  315  lb.  In  an  operating 
period  of  4000  hr.,  what  would  be  the  saving  by  putting  on 
the  exposed  boiler  surface  a  covering  of  85  per  cent,  efficiency? 

B.  G.  J. 
The   temperature  of  steam  at  110  lb.  gage  is  344.2  deg.    F 
The    difference    of    temperature    between    the    steam    and    the 
boiler  room  is.  therefore. 

344.2  —  100    =    244.2  deg.   F. 
At  the  usual  assumption   of  3  B.t.u.   radiated   per   hour  per 
square    foot   per   degree   difference    of    temperature,    the    total 
loss  In  4000  hr.    is 

3    X    4000    X    2000    X    244.2    -   5,860,800,000  B.t.u. 
The    calorific    value    of    the    oil    being    18.700    B.t.u.    per    lb., 
and   the   evaporating   efficiency   of   the    boiler   probably   75   per 
cent.,  the  heat  put  Into  the  steam  by  each  pound  of  oil  is  about 

18,700    X    0.75    =    14,025    B.t.u, 
and    b.v   each   barrel. 

14.025    X    315    =    4,417.875   B.t.u. 
To   cover    the   loss   then    will   n-quln- 
5,860,800.000 

1327   bbl.    of  oil, 

4,417.875 
costing 

1327    X     1.20    =    $1592.40. 
Covering  of  8B   per  cent,   efficiency  would,   therefore,  save 
$1592.40    X   0.85    =    $1353.54. 
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I  ENGINEERS'     STUDY     COURSE  I 


Mknsiiution — Part  V 

PVHAiUli,    t'OXK    AND    Fui'STUM 

A  jii/raiiiid.  Fig.  1.  is  a  .*olid,  tlie  base  of  which  is  a 
polysroii  aufl  the  sides  triangles.  The  jtoiiii  wiiere  the 
lines  forming  the  sides  meet  is  called  the  apfi.r  or  verier 
of  the  pyramid. 

The  perpendicular  distance  between  the  apex  and  the. 
base,  as  indicated  by  the  dotted  line,  Fig.  1.  is  termed 
the  altitude  of  the  pyramid. 

The  Klard  lieiglif  of  a  side  of  a  pyramid  is  the  al- 
titude of  the  triangle  forming  that  side. 

The  lateral  edges  of  a  pyramid  are  the  lines  from  the 
apex  to  the  corners  of  the  base. 


■u;.   1 


Fig.  -2 


If  we  cut  off  the  top  of  a  pyramid,  as  in  Fig.  2.  the 
liiwer  or  remaining  part  will  be  a  frustum.* 

CoNf:s 

A  circiilar  cone  is  a  solid  whose  base  is  a  circle  and 
whose  sides  taper  uniformly  to  a  point  called  the  a])e.\  or 
vertex.  Fig.  3  .shows  a  circular  cone.  The  altitude  of  a 
(line  is  the  perpendicular  distance  between  the  ape.x  and 
the  base,  as  shown  by  the  dotted  line.  Fig.  3. 

The  slant  height  of  a  cone  is  the  distance  between  the 
a])ex  and  a  point  on  the  circumference  of  the  base. 

A  frustum  of  a  cone  is  formed  in  the  same  way  as 
the  frustum  of  a  pyramid,  as  shown  in  Fig.  4. 

The  altitude  of  a  frustum  of  a  pyramid  or  cone  is 
the  perpendicular  distance  between  the  upper  and  lower 
l-'a-ses.  as  sho«ii  in  Figs.  2  and  4. 

The  slant  height  of  a  frustum  is  the  perpendicular 
distance  between  the  corresponding  edges  of  the  n])pci 
and  lower  bases. 

Areas 
You   have   undoubtedly    noticed    that    the   sides   of    a 
pyramid  are  made  up  of  triangles  of  which  the  altitudes 


are  equal  to  the  slant  height  of  the  pyramid,  and  whose 
bases  are  ecpial  to  the  edges  of  the  base  of  the  pyramid, 
which  if  a  regular  polygon  will  produce  equal  bases  for 
all  the  Iriangular  sides.  We  may  also  consider  a  cone 
as  a  pyramid  of  which  the  base  is  a  regular  polygon  with 
a  great  number  of  sides,  for  we  know  that  if  we  make  n 
polygon  with  a  sutlicient  number  of  sides  we  will  produce 
a  nearly  perfect  circle. 

We  may  now  make  the  followitig  rules  for  the  areas 
(if  the  ])yramiil  aiul  cone  and  their  frustums: 

K'ule:  To  liiid  the  lateral  arra  of  a  pyramid  or  cone, 
iiiitllijih/  the  jirriineler  of  the  base  by  one-half  the  slant 
height. 

The  overall  or  total  area  equals  the  lateral  area  />/)<.< 
the  area  of  the  base. 

Rule:  'To  find  the  lateral  area  of  a  frustum  of  a  pyra- 
mid or  cone,  multiply  one-half  the  sum  of  the  perimeters 
of  the  upper  and  lower  bases  by  the  slant  height. 

Example :  The  roof  of  a  tower  shaped  like  a  pyramid 
and  of  the  following  dimensions,  one  side  of  the  base  42 
ft.,  and  the  slant  height  62  ft.,  is  to  be  covered  with  sheet 


*Some  authorities  say  that  the  upper  and  lower  bases  need 
not  be  parallel,  but  for  the  purposes  of  this  course  it  is  pre- 
ferred to  consider  that  one  of  the  conditions  of  a  frustum. 


Fi(^,.  4 

copper.    Allowing  61)  sq.ft.  extra  for  the  seams  and  waste, 
how  many  square  feet  of  copper  will  be  required? 
The  perimeter  of  the  base  will  be 
42  X  4  =  168  ft. 
and  the  lateral  area  will  be 

1  (iS  X  \-  =  5208  .sq.ft. 
The  coiiper  necessary  will  be 

52(is  -j-  60  =  5268  sq.ft.    Ans. 
J^xample:      How   many  square  feet  of  copper   would 
have  been  necessary  if  the  tower  in  the  above  example 
had  been  shaped  as  a  eone  of  w'hich  the  base  was  of  the 
same  diameter  and  the  slant  height  was  the  same. 
The  perimeter  or  circumference  of  the  base  would  br 
:3.U16  X  42  =  131.f»4  ft 
and  the  lateral  area  would  be 

131.<.)4  X  ■%-   =  4090.14  sq.ff. 
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Allowing    CiO    sq.l't.    i'ur    the    seani;:^    and    for    wasir.    ilir 
iuiiount  of  coppi'i'  necessary  will  he 

4090.14  +  ()0  =  4150.14  .sry./7.     Aiis. 

The  12xl2.\".^4-in.  jn-i.-^ni.  Fi,i>-.  •").  hat;  six  shle.s.  and  c.x- 
aniination  of  it  will  show  that  it  contains  six  pyramids, 
the  four  sides  of  the  prism  forming  the  hases  of  four 
pyramids,  and  the  two  ends  of  the  prism  making  tin 
bases  of  the  other  two  pyramids.  For  ronvemence  the 
bases  of  four  pyramids  only  have  hecn  numliered.  1.  2. 
■A  and  4. 

This  prism  has  a  certain  \dliime  and  as  it  contains  si.x 
pyramids  their  total  volume  will  ciiual  the  \()Unue  of  the 
prism. 

The  rule  for  finding  the  volume  nf  a  pyramid  or  cone 
is: 

Rule:     The  volume  of  a  riyhi  pyramid  ur  cone  equals 


;i().7  cu.ft.     How  many  tons  in  a  ciniical  ]>ile  ;>(»  ft.  in 
diameter  witli  an  altitude  of  4:^  ft.? 

The  volume  of  the  pile  is 

liO'i  X  0.7854  X  ~*i   =  lli.i:51.Gli  rii.fl. 
So  its  weight  in  tons  must  he 

10,131.(i()  -^  36.7   =   -iTii.o:    Ions 

To  find  the  volume  of  a  frustum  of  a  pyramid  or  cone: 

Rule:  Add  together  the  areas  of  both  bases,  the  square 
root  of  the  fjroduct  of  both  bases  and  iiiuUipIji  the  sum 
by  one-third  of  the  altitude. 

This  rule  is  more  conveniently  expressed  as  a  for- 
mula. 


]•  =  i  A  (B  ^  h  +  yj  Bxb) 
in  which 

V  =  X'okunc  ; 
/(  =  Height  or  altitude; 
li  =  Area  of  lower  base ;, 
b  =  Area  of  upper  base. 
K.xamplc:     Medium-liard  brickwork  will  weigh  125  lb. 
per  cu.ft.     What   will   be  the  weight   of  a  brick-engine 
foundation  shaped  as  a  frustum  of  a  pyramid,  the  lower 
base  of  which  is  12x8  ft.;  upper  base,  10x()  ft.  and  liav- 
ing  an  altitude  of  9  ft.  ? 

Substituting  these  values  in  tlie  formula  we  have 


T'  =  »  fl2  X  8  +  10  X  6  -I-  V  12  X  8  X  10  X  C) 
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the  area  of  the  1)a.^e  mulliplied  l>y  one-third  lite  height 
or  altit/ude. 

Then  the  vohnne  of  eitiicr  the  upper  (inverted)  or 
lower  pyramid  in   Fig.  5  will  be 

12-  X  's-  =  57(>  vu.iu. 

Let   us  apply  the  rule  to  one  of  the  pyramids  with  the 
large  or  24xl2-i]i.   bases.     'Jlie  altitude  ('l>   is  one-hall' 
the  width  of  the  ])rism,  or  (i  in.,  so  the  volinuc  will  be 
24  X  12  X  I  =  57(>  cu.iii. 

We  .see  that  the  volume  of  each  pyramid  mi  the  prism 
is  equal  to  one-sixth  of  the  volume  of  the  iirism  and  so 
nnist  equal  the  area  of  the  base  times  one-third  the  al- 
titude HA  for  (he  end  pyramids  and  one-third  of  I'T)  for 
a  i>yrami(l  the  base  oT  which  is  llie  si<le  of  the  ]irism. 

'I'he  volume  of  a  coiu-  is  also  equal  (o  onc-lhird  the 
voluMK.'  of  a  cylinder  with  a  like  base  and  altitude,  just  as 
liie  volume  of  a  |iyramid  is  oiic-third  the  volume  of  a 
prism  of  an  equal  base  and  altitude.  This  explains  the 
ride   for  the   voluini'  of  a   i)yramid   or  cone. 

When  coal,  crushed  stone,  sand  and  other  line  material 
is  dumped  on  the  ground  or  surface  through  an  o]ieniiig 
considerably  above  the  surface,  the  pile  will  assume  the 
form  of  a  cone. 

Fxample;     .\  long  ton   (22lti  lb.)  of  pea  coat  occupies 


V  =  :;  ,x   (91)  +  til)  +     V  96  X  60)  =  695. (;7  ni.ft. 
The  weight  will  be 

695.67  X  125  :=  86,958.75  tl). 
Example:  A  reservoir  shaped  like  the  frustum  of  a 
cone  lias  an  upper  base  300  ft.  in  diameter  and  a  lower 
base  260  ft.  in  diameter;  the  depth  of  water  when  full 
to  overflowing  is  21  ft.  How  many  gallons  of  water 
could  the  reservoir  contain? 
The  voluine  of  the  reservoir  is 

V  X  [(3002  X  0.7854)  -f-  (3602  ^  0.7854)  + 
V"(300=~x  077854)  >r('260 2  x  0.7854)] 


7  X   ^7().(i^(i  -r  5;i,093.t)4  +     V  70,686  X  53.(i!i:i,(M  t  — 

1,295,281.68  cu.ft. 
The  cafiacity   in  gallons  will   be 
J,295,281.(;.Sxl728 
231 


=  0.689, 379. iS.4  gal. 


Iv\.\.\ii'i.i:s  i-oi;  I'li.vi  rnic 

(1)  fast  iron  weighs  0.26  lb.  per  cu.in.  What  will 
he  the  weight  of  ii  pyramidal  casting  (iron)  whose  base 
is  2x2  ft.  and  whose  altitude  is  IH  in.!' 

(2)  (a)  A  ro(d'  tank  on  a  sprinkler  system  is  shai)ed 
like  a  frustum  of  a  cone.  The  lower  base  is  6  ft.  in 
diameter.  U|)per  base  I  ft.  6  iu.  in  diameter  ami  the  al- 
titude is  S  ft.:  what   is  its  capacity  in  gallons? 

(b)  If  the  tank  weighs  1057  lb.  when  empty  and  the 
allowable  weight  on  the  roof  is  550  lb.  per  .sq.ft..  what 
will  be  the  length  of  a  side  of  the  square  formed  by  the 
su])|ioi-ts  of  the  tank  !' 

(:>  If  a  wagon  \v,\>  a  capacity  of  5  cu.yd.  of  ashes,  how 
many  wagon  loads  will  be  contained  in  a  ho]i]K'r  whieli 
consists  of  a  room  10x10  ft.  wide,  10  ft.  high:  the  floor 
of  the  room  is  shaped  like  an  inverted  pyramid  who.se  al- 
titude i.-  6  ft.  from  the  lowest  level  of  the  side  walls? 
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(4)  How  many  linear  feet  of  12-in.  boards  are  re- 
quired to  build  a  housing  for  a  tank  :  the  housing  is  to  be 
shaped  like  a  frustum  of  a  pyramid  whose  lower  base  is 
12  ft.  square,  upper  base  10  ft.  square  and  whoso  altitude 
is  11  ft. 

AxswEES  TO  Last  Week's  PEOBLEiis 

(1)  57.6  seconds. 

(2)  61.949  sq.iu. 

(3)  2705.29  lb. 

New  Blades  for  "Lusitania's" 
Turbines 

The  Cunard  liner  "Lusitania"  is  now  at  Clydebank 
ruidergoiug  extensive  repairs  to  her  turbines.  As  the 
blades  of  all  her  turbines,  with  the  exception  of  the  high- 
pressure  port  machines,  are  to  be  renewed,  the  Cunard  au- 
thorities state  that  the  liner  will  not  go  into  .service  for 
many  mouths. 

As  previously  stated  in  Power,  the  "Lusitania"  has 
been  most  unfortunate  with  her  turbines  ever  since  her 
initial  voyage  in  September,  1907.  For  the  first  few  years 
serious  trouble  occurred  at  rather  long  intervals,  but  more 
recently  the  turbines  began  to  show,  by  serious  break- 
do^Tis  about  every  three  months,  the  effect  of  inadequate 
care,  which  is  perhaps  entirely  due  to  the  exigencies  of 
the  service  and  not  to  incompetent  handling  or  poor  de- 


OVER    THE    SPILLWAY 

JUST   JESTS.  JABS,  JOSHES   A.\'D  JU.MBLES 


The  first  issue  of  Brother  Mackintosh's  handsome  publica- 
tion, "Steam  Machinery,"  comes  with  a  creed  of  "Labor  with 
Laughter."  Mac  says  "the  times  are  ripe  for  a  frivolous  mag- 
azine with  serious  purpose" — and  he  only  wants  "one  per- 
fectly good  ingodwetrust  dollar  for  a  full  year's  treatment." 
Go  to  it,  brother!  Tour  first  essay  already  proves  you  deserve 
the  golden  wrest  from  the  guild  of  ye  joyous  troubadours; 
you're    some    hummer! 


Somebody  says  that  all  the  professions  have  benefited  by 
mechanical  invention  save  the  lawyers.  They  have  only  the 
friction  brake,  and  successfully  apply  it  to  the  wheels  of 
justice.  Officer,  eject  Somebody  from  the  courtroom,  put  a 
detective    on    Friction's    trail,    and    call    the    next    case. 


A  Newport  News  boilermaker,  "near  death  with  appendi- 
citis." hot-footed  it  for  home  when  it  came  time  for  the  hos- 
pital surgeon  to  "start  up."  The  ill  doctor  makes  the  most 
scared  patient.  Here's  a  man  who  can  cut  out  a  boiler,  but 
when  the  surgical  "boilermaker"  shows  up  with  his  little 
tube-scraper — awk,    it  can't   be  done! 


In  Bulgarian  currency.  100  stotinks  equals  1  lev,  or  19.3 
cents.  Just  think  of  having  to  save  up  a  hundred  stotinks 
before  you  can  accumulate  a  lev.  or  of  putting  a  stotink  on 
the  plate  Sunday  morning.  Now.  Bulgaria  intends  to  mint 
other  coins.  Bet  you  2  kopecks  against  1%  yards  of  Chinese 
coin   that   you   can't   name   the   new   issues. 


Some  marine  engineers  claim  that  much  of  the  "Lusi- 
tania's" turbine  trouble  is  due  to  the  serious  foaming 
and  priming  of  her  triple-furnace  Scotch  boilers,  which 
allow  such  quantities  of  water  to  get  into  the  turbines 
as  to  seriously  erode  the  blades,  many  of  which  have 
been  renev.'ed  at  frequent  intervals  lately. 

According  to  a  report  in  the  New  York  Times,  Feb. 
25,  which  the  Xew  York  office  of  the  Cunard  company 
will  not  confirm,  a  commission  of  engineers  recommended 
that  the  liner  be  put  in  drydock  and  the  blading  of  all 
her  turbines,  except  the  high-pressure  port  machine,  be 
renewed,  the  new  blades  to  be  cast  in  sections  and  riveted 
to  the  shaft  in-stead  of  fastening  them  singly  as  has  been 
the  practice.  This  plan  was  adopted  because  it  has 
proved  so  satisfactory  with  the  "Mauretauia's"  turbines. 
The  estimated  cost  of  the  repairs  is  $500,000. 


Electrical-engineering  students  in  the  technical  schools 
of  this  country  in  1912  numbered  S921.  according  to  a  com- 
pilation of  statistics  in  the  "Electrical  World,"  Nov.  23,  1912. 
In  that  year  1496  graduated,  bringing  the  total  number  of 
graduates  during  the  past  six  years  up  to  18.318.  The  sta- 
tistics for  the  six  years  past  are  shown  below.   • 

1907 

Number     of     students 8929 

Number   of  graduates 1358 

It  took  a  pull  of  364  tons  to  break  the  largest  hoisting 
cable  in  the  world,  when  sections  were  tested  early  in  De- 
cember in  the  800,000  lb.  testing  machine  of  the  Fritz  En- 
gineering Laboratory  at  Lehigh  University,  South  Bethlehem, 
Penn.  Three  tests  were  made,  all  highly  satisfactory.  A 
piece  of  the  cable  that  had  been  in  use  for  a  year  and 
a  half  withstood  a  pull  of  nearly  300  tons.  The  construction 
of  this  cable  is  said  to  be  without  precedent  in  rope-making. 
It  consists  of  six  strands,  each  of  nineteen  wires,  twisted 
around  an  independent  wire  rope  center,  this  center  having 
six  strands  of  nineteen  wires  each,  twisted  around  a  hemp 
core.  The  finished  cable  is  7810  ft.  long,  and  weighs  125,360 
lb.  Cars  with  a  capacity  of  100.000  lb.  of  ore  are  lowered  by 
means  of  this  cable   down   an   inclined   plane   5800   ft.   long. 


1908 

1909 

1910 

1911 

1912 

9651 

8670 

«041 

9515 

8921 

1501 

1473 

1545 

1614 

1496 

A  mining  engineer  is  sometimes  hard  put  to  keep  cheer- 
ful under  adverse  conditions.  One  in  the  Golden  West  says 
he  is  working  on  the  "graveyard"  shift  at  the  Dead  Man  mine, 
in  the  Funeral  Mountains,  near  Death  A^alley.  Some  "em- 
balming fluid,"  about  98  per  cent,  proof,  might  help,  but 
two  weeks  on  this  job  would  make  an  ordinary  man  look 
like  a  professional  pallbearer,  and  Chopin's  "Funeral  March" 
would  sound  like  a  ragtime   ditty. 


Postals  naming  ten  famous  engineers  have  been  received 
from  W.  C.  Collins.  Everett,  Mass.,  and  O.  L.  Sherman,  Du- 
luth,  Minn.  Their  lists  accord  well  with  that  of  Prof.  Kent 
in  the  Mar.  4  issue. 


THANKS!    SAID    HE 

By   Billy   Spills 

Once  upon  a  Time  there  was  a  Holder  of  Public  Opinion 
(M  O  P  O  =  Editor,  sometimes)  whose  hard  Lot  it  was  to 
fill  the  boots  of  old  Doc.  Knowitall — he  had  to  answer  the 
"Inquiries." 

P'rinstance,  when  Subscriber  got  keen  for  a  new  License, 
he  would  corral  a  copy  of  69  old  Questions  and  Demand  real 
sassy  that  Doc.  answer  them  Immediate,  or  he'd  stop  Sub- 
scribing: he  wouldn't  even  Borrow  his  fireman's  paper.  In 
a  Manner  of  speaking,  Doc's  inquisitors  Hogtied  him  to  the 
Rack,  and  then  racked  him  for  the  whole  Hog. 

The  Pace  began  to  tell,  and  Doe.  looked  Off  his  feed,  bil- 
ious-like, and  depressed. 

One  day  it  appeared  as  if  the  crisis  had  Came  when  Doc. 
ambled  over  to  Us,  determined-like.  "Say.  Spills."  says  He, 
•i  ven  s'posin'  an  editor  does  get  Seven  thousand  dollars  a 
year" — which  is  a  Wild  supposition — "the  Grind  thumps  your 
ntrves  awful  Fierce.  I  ain't  gettin'  anything  but  Money  for 
nil  this  dinged  worry.  If  Somethin'  don't  happen  before  the 
End  of  the  week,  I'm  agoin'  to  Chuck  up.  Do  you  get  me. 
Billy?" 

.Something  Did  happen,  and  Tou  wouldn't  know  Doc.  today. 
He   got   these    Few  cheering  lines  in   his  Monday   mail: 

"I  thank  you  for  your  prompt  and  helpful  reply  to  my 
recent  inquiry.  *  *  *  I  am  much  gratified  at  your  very 
satisfactoi'y    answer    to  .my    cry    for    help. 

"GRATEFUL    SUBSCRIBER." 

There's  nothing  really  True  in  this  story  except  Grateful 
Subscriber's  letter,  unless  you  want  to  include  Doc's  Sur- 
prise. 


a 
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Accuracy    and    Limitations   of    Coal   Analysis 


iSYNOPSIS — Accuracy  depends  largely  on  the  kinds  of 
coa',  methods  employed  and  the  skill  of  the  analyst.  Some 
interesting  data  to  show  the  limits  of  accuracy  in  sam- 
pling, in  obtaining  proximate  and  ultimate  analyses  and 
heat  value  of  coal  by  calorimeter  or  computation. 

In  coal  analysis,  discrepancies,  which  are  more  likely 
to  occur  in  some  determinations  like  that  of  volatile  mat- 
ter or  of  fixed  carbon,  tend  to  discredit  the  whole  an- 
alysis in  the  eyes  of  engineers  not  familiar  with  the  diffi- 
culties peculiar  to  such  individual  determination.  A.  0. 
Fieldner,  of  the  Bureau  of  Mines,  in  a  paper  read  before 
the  American  Coal  Mining  Institute,  called  attention  to 
this  fact.  He  pointed  out  that  some  constituents  may 
be  determined  much  more  accurately  than  others,  and 
presented  experimental  data  bearing  on  the  probable  vari- 
ations that  may  occur  in  good  laboratory  practice.  In 
the  following,  only  a  summary  of  these  data  will  be 
given. 

MOISTUKE 

In  the  Bureau  of  Mines  method,  the  moisture  is  deter- 
mined in  two  stages :  ( 1 )  the  coarse  sample  received 
by  the  laboratory  is  pulverized  to  %  in.  size  and  then 
air-dried  at  86  to  95  cleg.  F.  The  loss  in  weight,  which 
is  called  the  air-drying  loss,  includes  all  the  superficial 
moisture  and  a  large  portion  of  the  loosely  retained  mois- 
ture. (3)  The  air-dried  sample  is  then  pulverized  in  a 
closed  ball  mill  to  avoid  loss  of  moisture,  mixed  and  sam- 
pled down  to  a  small,  powdered  sample  in  which  the 
residual  moisture  is  determined,  by  heating  one  gram 
for  one  hour  at  221  deg.  F.,  in  an  oven  through  which 
dry  air  is  being  circulated.  By  this  method  duplicate 
results  in  the  same  powdered  sample  seldom  vary  more 
than  0.15  per  cent. 

.\SH 

The  determination  of  ash,  although  one  of  the  simplest 
operations,  is  also  beset  with  certain  difficulties  that  lead 
to  disagreement  among  different  laboratories,  more  es- 
pecially with  coals  containing  notable  quantities  of  cal- 
cium carbonate  and  iron  pyrites.  For  example,  in  certain 
exj)eriments  with  Illinois  coal  that  contained  notable 
quantities  of  calcium  carbonate  and  suljjhur,  11  per  cent, 
ash  was  obtained  by  ignition  to  constant  weight  at  a 
low-red  heat,  and  13  per  cent,  ash  was  obtained  by  igni- 
tion at  a  bright-red  heat.  To  secure  conconlant  results, 
a  standard  temperature  should  be  adopted.  If  this  is 
done,  duplicate  determinations  on  the  same  ])owdered 
sample  will  agree  to  within  ^K'^  \>it  cnit. 

Coal  ash  as  determined  usually  weighs  los  than  llie 
mineral  matter  from  which  il  is  producetl.  Several  meth- 
ods iiave  been  proposed  {<i  r(iiii|iute  the  weight  of  original 
niincral  matter  in  the  coal,  by  adding  corrections  to  the 
v.-ciglit  of  ash  obtained  by  ignition.  These  methods  are, 
however,  too  complicated  and  uncertain  in  their  general 
ii[iplication  to  all  classes  of  coal  to  be  use<l  in  leilinical 
work. 

\'OL.\TILE  M.\TTi:U  .\.\1)   FiXKI)  Cahiion 

The  volatile  matter  and  fixed  carbon  re])rcsent  the  re- 
lative proportions  of  gaseoii.s  ami  solid  conihustible  mat- 


ter that  may  be  obtained  from  the  coal  by  heating  it  in 
a  closed  vessel.  This  is  done  by  heating  a  finely  powdered 
sample  in  a  small,  covered  platinum  crucible,  in  the  flame 
of  a  Bunsen  or  Meker  burner  for  exactly  seven  minutes. 
The  volatile  matter  consists  mainly  of  the  combustible 
gases — hydrogen,  carbon  monoxide,  methane  and  other 
liydrocarbons — and  some  noncombustible  gases,  as  carbon 
dioxide  and  water  vapor.  The  volatile  matter  does  not 
include  water  present  in  the  coal  as  moisture  at  221 
deg.  F. 

The  residue  of  coke  left  in  the  crucible  after  deduct- 
ing the  ash  is  reported  as  "fixed  carbon."  The  fixed  car- 
bon does  not  represent  the  total  carbon  in  the  coal,  as  a 
portion  of  this  element  is  driven  out  in  combination  with 
hydrogen  in  the  volatile  matter ;  furthermore,  fixed  car- 
bon is  not  pure  carbon,  but  still  contains  several  tenths 
per  cent,  each  of  carbon,  hydrogen  and  oxygen;  from  0.4 
to  1  per  cent,  nitrogen ;  and  about  half  the  sulphur  that 
was  in  the  coal.  It  should  be  clearly  understood  that 
llie  terms  "volatile  matter"  or  "volatile  combustible  mat- 
ter" and  "fixed  carbon"  do  not  represent  any  definite 
compounds  which  existed  in  the  coal  before  heating.  The 
method  of  determination  is  purely  arbitrary,  and  varia- 
tions in  temperature  and  rate  of  heating  will  cause  varia- 
tions amounting  to  several  per  cent.  Even  with  a  stric*^ 
adherence  to  the  method  recommended  by  the  American 
Chemical  Society,  variations  of  3  and  -1  per  cent.,  in  both 
the  volatile  matter  and  fixed  carbon,  may  occur  in  dif- 
ferent laboratories.  One  of  the  most  prominent  factors 
in  causing  variations  is  the  temperature  at  which  the 
crucible  is  heated.  This  is  especially  pronounced  in  an- 
thracite and  semibituminous  coal.  It  is  easily  possible 
for  one  laboratory  to  report  4  per  cent,  and  another  7 
per  cent,  volatile  matter  on  the  same  sample  of  anthra- 
cite, or  14  per  cent,  and  17  per  cent.,  respectively,  on 
the  same  sample  of  Pocaliontas  eoal.  The  different  per- 
centages of  volatile  matter  were  actually  produced  by 
different  conditions  of  heat  treatment.  Caution  must, 
therefore,  be  observed  in  making  comparisons  of  the  vola- 
tile matter  and  fixed  carbon  in  ]>roximate  analyses  made 
in  dift'erent  laboratories.  K\en  determinations  made  af 
the  same  laboratory  by  the  same  aiuilyst  may  vary  to  the 
extent  of  0.5  per  cent. 

Sulphur 
Sulphur  determinations  by  the  "Escha"  method  on  the 
same  ]>owdered  sample  will  usually  agree  to  within  0.05 
per  cenl.  Where  much  suljihur  is  ])resent  in  visible  form, 
as  pyrite.  difficulty  is  experienced  in  obtaining  a  repre- 
sentative powdered  sample  friuu  the  coarse  sample,  and 
somewhat  greater  errors  due  to  inaccuracy  in  sampling 
may  occur. 

I'ltimatk  Axat.ysis 
In  an  ultimate  analysis,  the  organic  matter  of  the  coal 
is  lesdlved  into  the  chemical  ekunents,  viz.:  carbon, 
hydrogen,  oxygen  and  nitrogen.  These  elements,  together 
with  the  ash,  are  taken  as  ecpial  1o  100  ]ier  cent.  As 
there  is  no  direct  mcfhod  fur  the  detenninaficm  of  oxy- 
gen, it  is  estinuited  by  subtracting  the  sum  ol'  (lie  dllier 
five  constituents  from  100.  This  method  thi-ows  tlie  sum- 
mation of  all  the  errors  incurred  in  the  other  deter- 
minations upon  the  oxygen. 


I'O  W    I:  R 
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Tlie  deteriiiiiialion  of  carbon,  livdrcigen  and  iiitrogi;i. 
whik'  requiring  experionci'  and  a  considerable  degree  of 
analytical  skill  on  the  part  of  the  chemist,  is  iicil  sub- 
ject to  the  arbitrary  conditions  that  must  be  maintained 
in  the  proximate  analysis.  As  the  chemist  is  dealing 
with  definite  chemical  elements,  he  should  be  aide  1<> 
duplicate  his  determinations  within  the  following  limits: 
t'arbon  OM  per  cent.,  hydrogen  O.do  ])er  cent.,  nitrogen 
0.03  per  cent. 

In  the  i)resent  method  of  estimation,  the  oxygen  per- 
centage is  subject  to  an  error  equal  to  the  algebraic  sum 
of  the  indiviilual  errors  incurred  in  the  determination  of 
carbon,  hydrogen,  nitrogen,  sulphur  and  ash.  The  most 
serious  of  these  errors  is  due  to  the  difl'erence  in  weight 
between  the  ash  and  the  mineral  matter  (exclusive  of 
sulphur  which  is  separately  determined)  as  it  occurs  in 
the  coal. 

Calorific  V.vlie 

The  term  "available  hydrogen"  often  used  in  the  com- 
putation of  the  calorific  value  of  a  loal  from  the  ulti- 
mate analysis,  is  based  on  the  assumption  that  all  the 
oxvgen  in  the  coal  is  combined  with  hydrogen  in  the 
proper  ratio  to  form  water.  The  amount  of  hydrogen 
thus  combined  and  not  available  for  jiroducing  heal  is 
equal  to  one-eighth  of  the  oxygen:  the  rcnuiinder  of  the 
hydrogen,  or  "available  hydrogen."  is  condjined  with  the 
carbon  and  contributes  to  the  heat  value  of  the  coal. 
This  hypothesis  is  fairly  well  supported  in  the  case  of 
anthracite  and  biluminotis  coal  by  the  general  agreenu'iit 
of  calorific  values  calculated  from  the  ultimate  analysis 
by  Dulong's  formula  with  the  values  deterniined  by  the 
bomb  calorimeter. 

The  most  accurate  method  of  determining  the  total 
heat  value  is  by  combustion  in  a  lioiid)  calorimeter.  The 
instrument  should  be  carefully  standardized  by  burning 
substances  of  known  calorific  value,  such  as  the  sta'ndard 
.samples  of  cane  sugai-,  methylene  and  benzoic  acid  that 
aie  now  being  furnished  by  the  Bureau  of  Standards. 
The  standardization  should  be  comlucted  under  e.Ka(;tly 
the  same  condition,  and  with  the  same  thermometer  thai 
IS  used  in  the  tests.  The  use  of  calibrated  thermom- 
eters is  essential.  In  carefully  comlucted  caloriinetric 
work,  the  probable  error  should  not  exceed  I). 5  per  cent., 
ivhich  corresponds  to  about  SO  B.t.u.  in  the  high-grade 
coal.  This  is  a  higher  degree  of  accuracy  than  can 
be  obtained  in  the  usual  methods  of  sampling,  which 
oftentimes  increase  the  error  to   100   B.t.u. 

('.ALfTLATIOX  01"   CaI.OUIFIC    VaUK    I!Y    DlI^ONC.'s 

Foiaiti.A 

Before   the   bomb   calorimeter   came   into  general    use, 
the  heat  value  of  a  coal  was  frequently  calculated  from 
the  ultimate  analysis  by  Dulong's  formula : 
Calorifir  value  in  B.t.u.  per  lb.  =  14..")f4  ('  +  G-i;,0-.i8 

(H  —  0/8)   +  4050  S 
in  the  above  formula.  ('.  H,  0  and  S  are  the  resi)ective 
•  proportions  of  carbon,  hydrogen,  oxygen  and  sulphur. 

Aside  from  the  fact  that  an  tdtimate  analysis  is  more 
expensive  and  time  consuming  than  a  calorimetric  deter- 
mination, there  are  the  following  theoretical  objections 
to  be  considered  : 

1.     The  heat  value  of  the  elements — carbon.  Iivdrocreii 


and    sulphur,    as   given    in    the    formula — has    not    iieen 
established  with  any  great  ilegree  of  accuracy. 

v'.  The  heat  value  of  an  element  in  the  free  stat.- 
and  as  a  component  of  a  chemical  compound  is  not  iiece.- 
sarily  the  same,  as  a  matter  nf  fact,  it  usually  varies,  dm 
in  absorption  or  e\()lution  of  heat  in  forming  the  eom- 
I'liund. 

3.  The  usual  assumption  that  from  the  staiulpoint  oi 
heat  dexclopment  all  the  oxygen  is  combined  with  hydrn- 
gen,  may  not  be  true:  some  nf  the  oxygen  may  be  linkei: 
w'ith  carbon. 

4.  The  relative  accuracy  of  the  calculated  results  i- 
feidjject  to  the  uncertainty  of  the  oxygen  estimation. 

On  the  other  hand,  in  spite  of  the  objections  just  cited, 
there  is  fairly  close  agreement  l)etween  the  calorific  vaUu> 
calculateil  by  Dulong's  formula  and  those  determined  i>} 
the  calorimeter.  Lord  and  Somermeicr,  in  an  extendc 
Si'iies  (if  analyses  of  the  coals  of  Ohio,  found  that,  witi 
very  few  exceptions,  the  results  obtained  by  Dulong  - 
formida  were  within  1  to  IV2  I'*'''  t'l'ut.  of  the  values  oi^ 
tained  with  the  Ijomb  calorimeter.  This  degree  of  ar 
curacy  has  also  been  found  to  hold  true  with  antliracili  . 
semibituminous  ami  bituminous  coals  from  various  par;- 
of  the  United   States. 

A  total  of  176  analyses  was  selected  at  random  froni 
the  records  of  the  chemical  laboratory  so  as  to  securi 
about  'H)  to  30  samples  of  each  rei>resentative  class  of  coa 
from  the  most  recent  lignites,  through  the  range  of  -sui' 
bituminous,  bituminous,  semibituminous  and  anthracite 
coals  of  Pennsylvania.  For  comparison  a  nundjer  of 
peats  were  also  iixluded  in  an  extended  table  ])resented 
with  the  ))aper. 

The  tabulation  brings  out  in  a  striking  manner  tlic 
variation  in  the  relation  between  the  heat  value  calcu- 
lated by  Dulong^s  formula  and  the  true  heat  value  as  de- 
termined in  the  bomb  calorimeter.  This  relation  is  with- 
i!i  certain  limits,  characteristic  of  the  class  of  coal.  For 
instance,  in  coals  low  in  volatile  matter  and  oxygen,  like 
anthracite  and  Pocahontas  coal,  the  calculated  value  is 
usually  from  0.3  to  1.5  i)er  cent,  greater  than  the  deter- 
mined value.  In  only  very  few  instances  is  the  cal- 
culated less  than  the  determined  value;  in  the  bituminous 
<  oals,  the  calculated  values  vary  both  above  and  below 
the  determined  values  usually  within  limits  of  1.5  per 
(ciit.:  in  sub-bituminous  and  lignitic  coals  the  calculated 
\alue  becomes  less  than  the  determined  value  as  the  o.xy- 
gen  increases;  the  deviation  often  reaching  4  and  5 
per  cent.;  in  peat  the  cahtulated  results  are  quite  unre- 
liable, the  results  being  from  3  to  11  per  cent.  low. 

I'Al.rll.ATIOX    01     ('Al.Oiai-ll'    \'AI.tK    FROJI    Till 
I'ltnxJM  Alt-:   .\XAI.VSJS 

The  calculation  of  calorific  values  by  formulas  depend- 
ing on  the  ])roximate  analysis  is  apt  to  give  quite  er- 
joneous  results.  Such  methods  are  sul)ject  to  the  con- 
siderable uncertainty  of  the  fixed  carbon  and  volatile  ma; 
Icr  determinations.  Furthermore,  the  \ariable  propoi- 
tion  of  inert  volatile  matter,  which  does  not  contribuie 
to  the  heat  value,  is  not  taken  into  consideration. 

A  fairly  accurate  nu^thod  of  calculating  the  heat  valu' 
of  Appalachian,  bituminous  and  semibituminous  00, 
from  the  same  mine  and  .<eam,  is  based  on  the  constant 
in  heat  value  of  the  "combustible"  or  coal  substance  fr<-. 
of  moi.sture  and  ash.  The  caijorific  vahie  of  a  coal  may  b 
referred  to  a  moisture-nnd-i^.sh-free  basis  bv  dividing  tli- 


March  11,  1913 


POWER 


359 


calorific  value  as  determined  by  one  minus  the  sum  of 

the  moisture  and  ash  in  the  unit  weight  of  fuel. 

Moist ure-and-asli-free  calorific  value  = 

Calorific  value  as  determined 

1  —  (per  cent. moisture  +  per  cent,  ash) 

Too 

Some  moisture-and-ash-free  calorific  values  of  mine 
samples  taken  by  engineers  of  the  bureau  at  ditl'erent 
j)oints  in  a  number  of  mines  in  Pennsylvania  were  given 
in  tabular  form,  and  in  the  same  table  some  data  on  the 
variation  in  moisture-and-ash-free  calorific  values  in  car 
samples  of  coal  were  included.  The  greatest  deviation  in 
calorific  value  of  any  one  individual  sample  from  the 
average  of  the  mine  is  usually  less  than  1  per  cent.  lu 
only  two  cases  in  the  table  did  it  reach  the  maximum 
%ure  of  1.1  per  cent.  Obviously  the  calorific  value  of 
samples  representing  various  shipments  of  coal  from  the 
game  mine  and  seam  can  be  calculated  with  an  accuracy 
of  about  1  per  cent,  by  multiplying  the  average  moisture- 
and-ash-free  calorific  value  of  the  coal  by  1  minus  the 
sum  of  the  moisture  and  ash  of  the  various  individual 
samples.  This  method  of  calculating  will  not  apply  to 
weathered  coals  which,  on  account  of  absorption,  have 
lost  some  of  their  original  heat  value,  or  to  coals  that  vary 
considerably  in  the  character  and  amount  of  ash  and 
sulphur.  In  the  coals  cited  in  the  table  the  ash  is  usually 
less  than  12  per  cent,  and  the  sulphur  less  than  2  per 
cent.  Where  the  sulphur  content  is  larger  and  more  vari- 
able, as  found  in  some  of  the  coals  of  Ohio  and  Illinois, 
ft  further  correction  for  the  influence  of  sulphur  should 
be  applied. 

Sampling 

The  chemist  makes  his  analysis  on  a  few  ounces  of 
powdered  coal.  If  the  analysis  is  to  be  of  any  value,  this 
small  sample  must  have  a  composition  that  is  an  average 
of  the  entire  lot  of  coal  whose  value  is  to  be  established. 
The  accuracy  of  .sampling  the  commercial  sizes  of  coal  is 
limited  to  the  amount  and  size  of  the  largest  lumps  of 
impurities  and  the  quantity  of  original  sample  that  can 
be  taken  without  incurring  too  great  a  cost.  The  accuracy 
of  any  method  of  sampling  should  be  frequently  tested  by 
taking  two  or  more  independent  samples,  which  are  re- 
duced and  analyzed  sejjarately.  Ordinarily,  the  sample 
sent  to  the  laboratory  will  weigh  from  '.i  to  5  lb.  and 
will  be  pulverized  to  about  y^  in.  size.  The  original  gross 
sample,  which  may  amount  to  from  500  to  1000  lb.,  must 
be  pulverized,  mixed  and  quartered  in  such  a  manner  as 
to  maintain  the  .same  relative  proportions  of  coal  and 
impurities  until  the  final  3-  to  o-lb.  sample  is  obtained; 
furthermore,  coal  has  a  marked  tendency  to  lose  moisture 
in  crushing.  This  must  be  avoided  as  much  as  pos- 
sible. The  final  sample  should  be  placed  in  a  moisture- 
proof  container  for  sbi]niient  to  the  lalioratory.  Wooden 
boxes  or  sacks  should  never  be  used  for  samples  in 
which  moisture  is  to  be  determined. 

AcruRACY  OK  Mine  Sampling 

During  the  last  nine  years  the  U.  S.  Geological  Sur- 
vey and  its  successor,  the  Bureau  of  Mines,  has  analyzed 
a  large  number  of  mine  samples  of  coal,  taken  in  con- 
nection with  the  investigation  of  coal  as  it  occurs  in 
the  mine.  A  table  was  inchided  in  the  paper  to  show 
the  results  from  a  series  of  duplicate  3-li).  can  samples 


that  were  taken  by  the  standard  method  of  the  Bureau 
of  Mines.  On  account  of  the  high  percentages  of  mois- 
ture, ash  and  sulphur  and  the  irregular  distribution  cf 
the  impurities,  Illinois  coals  are  unusually  difficult  *^o 
sample,  yet,  in  spite  of  the  high  moisture  content,  the 
greatest  difference  of  moisture  in  duplicate  samples  was 
only  0.3  per  cent.,  with  an  average  difference  of  0.1  per 
( ent.  The  average  variation  in  ash  of  the  duplicate  sam- 
ples from  seven  sections  in  two  Pennsylvania  mines  was 
0.1  per  cent. ;  the  maximum  variation  being  0.2  per  cent. 
In  the  Illinois  series  the  maximum  variation  was  1.6 
l)er  cent.,  the  next  highest  difference  being  0.7  per»cent. 

Sampling  in  the  Labouatory 

In  the  method  used  by  the  Bureau  of  Mines,  moisture 
loss  is  avoided  by  air-drying  the  3-lb.  sample  before  pul- 
verizing. The  amount  of  moisture  expelled  during  the 
air-drying  process  is  recorded  and  added  to  the  final 
moisture  obtained  by  drying  the  powdered  sample  at  221 
ileg.  F.  The  air-dry  sample  is  quickly  pulverized  to  10 
mesh  by  passing  through  a  roll  crusher,  reduced  on  a 
nffle  sampler  to  about  1  lb.  and  ground  to  a  60  mesh  in  a 
moisture-tight  ball  mill,  which  consists  of  rotating  porce- 
lain jars  containing  well  rounded  flint  pebbles.  The  final 
powdered  sample  is  preserved  in  a  rubber-stoppered  bot- 
tle to  prevent  change  in  moisture  content. 

Usually  the  laboratory  sampling  error  with  respect  to 
ash,  by  the  method  just  described,  is  less  than  0.3  per 
cent.,  and  seldom  greater  than  0.5  per  cent.  Where  care- 
ful work  is  done  by  the  sampler,  tlie  0.5  per  cent,  limit 
should  not  be  exceeded. 

Incorrect  Methods  of  Preparing  Coal  Sample.s 

The  determination  of  total  moisture  by  drying  a  por- 
tion of  the  coarse  sample  in  a  steam  oven  at  about  221 
deg.  F.  will  give  low  results,  the  error  increasing  with  the 
size  of  the  lumps.  The  method  of  drying  the  coarse  sam- 
ple at  temperatures  above  212  deg.  F.  and  then  pul- 
\erizing  to  a  powdered  sample  for  analysis  with  the  as- 
sumption that  the  powdered  coal  is  dry  coal,  will  give 
quite  erroneous  results.  The  powdered  sample  will  never 
be  dry,  but  will  contain  from  0.3  to  1  per  cent,  moisture, 
which  it  has  either  failed  to  give  up  while  drying  in  the 
coarse  condition,  or  has  taken  up  tidin  the  atmosphere, 
while  being  pulverized.  The  iicat  values  are  directly  af- 
fected by  the  errors  in  the  sain])liiig  and  in  the  moisture 
determinations. 

Abrasion   in    Ball   Mills 

In  using  any  apparatus  for  pulverizing  samples,  the 
amount  of  contamination  from  abrasion  of  the  pulveriz- 
ing surfaces  should  always  be  investigated.  The  addi- 
tion to  the  ash  content  may  be  found  by  determining  tlie 
loss  in  weight  of  the  grinding  surfaces.  The  results  of 
a  number  of  tests  on  a  ball  mill  showed  only  0.004  per 
cent,  increase  in  ash  due  to  the  abrasion  from  the  ])el)bles. 
The  extent  of  abrasion  from  the  porcelain  jars  was  shown 
in  a  series  of  tests  to  be  0.0  1  per  ceid.  at  the  highest, 
which  is  less  than  the  analylical  cii-or  in  the  determina- 
tion of  a.sh. 

Conclusion 

To  state  definite  limits  of  accuracy  for  coal  analyses 
is  almost  impossible.  The  factors  which  influence  the  re- 
sults are  many  and  variable.     'IMiey  depend  on  (he  kind 
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and  quality  of  coal,  the  method  of  sampling  and  analysis 
and  the  skill  and  experience  of  the  analyst  in  the  special 
iield  of  coal  testing. 

With  the  exception  of  the  volatile  matter,  fixed  carbon 
and  oxygen  determinations,  the  best  analytical  methods 
are  more  accurate  than  the  methods  of  sampling.  The 
method  of  taking  the  original  sample  is  often  limited  !iy 
the  commercial  conditions.  The  determination  of  the 
lieat  value  with  the  use  of  properly  standardized 
calorimeters  and  thermometers  is  reliable  and  comparable. 
Appreciable  errors,  when  such  occur,  are  due  to  sampling 
or  a  phange  in  the  composition  of  the  sample  by  oxida- 
tion or  loss  of  moisture.  Finally,  a  statement  of  how 
the  sample  was  taken  should  always  go  with  the  report 
of  analysis.  This  will  enable  one  who  has  a  knowledge 
of  coal  to  properly  interpret  the  report. 

Avery  Automatic  Liquid  Scales 

This  weigher  is  built  with  an  even-arm  balance,  a 
beam  supporting  a  weight-hopper  at  one  end  and  a 
weight  box  at  the  other.  It  is  designed  to  weigh  liquids 
in  unit  amounts  and  record  the  summation  of  weights 
upon  a  counter,  automatically,  continuously  and  ac- 
curately, regardless  of  temperature  and  inlet  pressure. 


and  the  hopper  turns  completely  over,  Fig.  1,  because  it 
is  supported  below  the  center  of  gravity.  At  the  same 
time  the  inlet  valve  is  clo.sed  and  the  toggle  joints  con- 
nected to  the  vertical  lever  are  held  rigidly  in  place. 
When  the  hopper  is  brought  back  to  position  by  the 
counterweight  the  toggles  are  broken.  This  action  opens 
the  balanced  valve  and  a  new  weighing  is  begun. 

The  chamber  at  the  right  of  the  bucket.  Fig.  2,  insures 
the  release  of  all  liquid.  Becoming  full,  the  liquid  re- 
leases under  the  hinged  plate  slower  than  from  the  main 
hopper  so  that  its  weight  holds  the  hopper  down  until 
all  liquid  has  left.  If  any  remains  in  this  portion,  it  will 
drain  out  through  a  hole.  A  compensating  lever  anil 
weight  allow  for  the  liquid  in  suspension  at  the  time  of 
cutting  off  the  flow,  this  giving  further  acctiracy. 

This  liquid  weigher  has  many  fields  of  usefulness.  For 
power  plants  it  automatically  weighs  and  records  all 
feed  water  passing  to  the  boilers.  For  oil-burning  fur- 
naces, it  weighs  the  amount  of  fuel  oil  consumed.  The 
weigher  is  made  by  the  Avery  Scale  Co.,  726  Monado-A 
Building,  Chicago.  111. 


A  reduction  in  electric-power  rates  has  been  made  by 
the  Ontario  Hydro-electric  Commission  to  the  municipalities 
which  purchase  energry  through  this  commission  (which  sup- 
plies   them    over    its    ov/n    transmission    lines    from   a  Niagara 


Fig.  1.  DuMPixG  Position 

Liquid  enters  at  the  top  of  the  machine  through  a 
balanced  valve,  controlled  by  levers,  into  the  weigh-hop- 
per  in  a  full  stream,  but  the  liquid  is  brought  to  a 
dribble,  by  reason  of  the  combined  weight  of  levers  rest- 
ing on  a  projection  of  the  weigh  beam,  and  thus  partly 
closing  the  inlet  valve.  The  weight  of  the  levers  is  then 
transferred  to  a  knife  edge  and  a  roller  until  an  exact 
balance  is  reached.  In  traveling  to  a  balance  a  pro- 
jection releases  a  catch  holding  the  hopper  in  position. 


Fig.  2.  Fillixg  Position' 

Falls  plant).  The  new  rates  mean  a  decrease  of  some  $100,000 
gross  income  over  the  present  figures.  The  total  connected 
load  of  the  system  is  now  about  34.000  hp.  It  is  claimed  that 
the  newT  rates  are  more  than  sufficient  to  cover  the  various 
charges  together  with  proper  sinking-fund  installments. 
There  was  a  yearly  surplus  of  $62,000  at  the  end  of  Oct.  31. 
which  sum  is  only  $10,000  less  than  the  whole  sinking-fund 
charges  for  the  first  year.  It  was  not  planned  to  burden 
the  pioneer  purchasers  of  energy  with  sinking-fund  and 
depreciation  charges  until  the  year  1914;  but  before  reducing 
the  rates  as  above  noted,  deductions  for  that  purpose  "were 
made. 
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THE    METRIC    SYSTEM    IN    A    NUTSHELL.       By    Henry    G. 
Bayer.      Thirty-one    4x0% -In.    pages;    20    tables    of    equiva- 
lents.     Price,    35c.      Henry    G.    Bayer,    232    Greenwich    St., 
New  York,   N.   Y. 
This   booklet   contains   20   tables   ot   equivalents   of   English 
and    metric    units,    taken    from    the    larger    book    by    the    same 
author,    and   reviewed   before.      It  is   arranged   in  a   convenient 
form    for   the   manufacturer   and   business   man   -who    wishes   a 
general   idea   of   the    metric   system   and   needs   at    hand   tables 
to    convert    easily    and    quickly    the    quantities    and    measure- 
ments with  which  he   deals. 

THE  MODERN  GASOLINE  .\UTOMOBILE;  ITS  CONSTRUC- 
TION, OPERATION,  MAINTENANCE  AND  REPAIR.  By 
Victor  Page.  Published  by  The  Norman  W.  Henkv  Pub- 
lishing Co.,  New  York,  1912.  Size,  51/2x8%  in.;  693  pages, 
illustrated.      Cloth.      Price,   $2.50. 

A  very  complete  treatise  on  the  modern  gasoline  automo- 
bile, "written  in  a  simple,  nontechnical,  yet  convincing 
style.  The  general  features  of  design,  common  to  all  cars, 
are  first  taken,  up  and  then  the  special  features  are  discussed, 
such  as  T-head,  L-head  and  sliding-sleeve  motors;  planetary, 
progressive  and  selective  transmission;  the  multiple-disk, 
cone,  band  and  dry-plate  clutch,  etc.  In  this  discussion  the 
relative  merits  of  each  are  pointed  out. 

Considerable  space  is  also  devoted  to  automobile  acces- 
sories, such  as  lighting,  windshields,  etc.,  and  particularly 
useful  is  the  advice  on  the  proper  maintenance  and  operation 
of  a  car. 

It  is  a  book  which  every  car  owner  who  desires  to  be  well 
informed  on  automobile  practice  should  read. 

ESSENTI.\LS  OF  ELECTRICITY — DIRECT  CURRENTS.  By 
W.  H.  Timble.  Wiley  Technical  Series.  Published  by 
John  Wilev  &  Sons,  New  York.  Size,  5x7  in.;  271  pages, 
illustrated;    cloth.      Price,   $1.25. 

The  aim  of  this  little  book  is  to  give  the  practical  man  a 
working  knowledge  of  the  underlying  principles  of  direct- 
current  practice;  hence  all  mathematical  analyses  are  avoided 
and  the  subject  is  approached  from  the  physical  rather  than 
the  abstract  viewpoint;  in  this  connection,  recourse  is  made 
to  the   water  analogy. 

The  author,  who  has  taught  applied  electricity  in  trade 
schools  for  several  .vears,  has  recognized  the  needs  of  the 
practical  man  in  this  line  and  has  chosen  the  extensive  use 
of  problems  to  drive  home  the  text  matter.  Several  exam- 
ples are  worked  out  after  each  important  topic  or  statement, 
and  a  large  number  of  problems  are  appended  at  the  end  ot 
each  chapter.  In  connection  with  the  latter  problems  it  might 
have  been  an  aid  to  the  man  who  is  using  the  book  for  self- 
Instruction  if  a  list  of  answers  had  been  given  at  the  back. 

AH  important  conclusions  and  laws  are  in  heavy  type,  and 
a  summary  is  given  at  the  end  of  each  chapter.  The  divi- 
sions of  the  subject  covered  are:  Ohm's  law,  simple  electric 
circuits,  combinations  of  series  and  parallel  systems,  electric 
power,  wire  and  wiring  systems,  generators  and  motors, 
batteries  and  wiring  diagrams.  Considerable  space  is  also 
devoted  to  locating  and  correcting  trouble  in  generators  and 
motors,  a  most  useful  subject  for  operating  men.  Moreover, 
the   illustrations  are  well  chosen. 

In  point  ot  criticism  may  be  mentioned  several  loose 
statements  in  the  text:  On  page  15  the  author  says;  "An  am- 
meter is  inserted  into  the  circuit,  and  becomes  a  part  of  the 
circuit  and  receives  the  full  current  of  the  circuit";  the  sub- 
sequent   illustrations    and    problems    bear    this   out. 

While  this  would  apply  to  circuits  handling  very  small 
currents,  where  large  currents  ,are  to  be  handled,  such  as  on 
a  switchboard,  ammeter  shunts  would  have  to  be  employed. 
The  author,   however,    makes   no   mention   of  shunts. 

Again,  on  page  129.  Is  the  statement.  "Self-excited  machines 
sometimes  change  their  polarity  when  not  in  use."  While  this 
Is  true.  It  would  leave  the  reader  to  Infer  that  they  never 
change  their  polarity  when  In  use — a  condition  which  fre- 
quently happens. 

On  page  lOS  the  author  states  that  the  neutral  wire  is 
usually  the  same  size  as  each  of  the  other  two.  As  a  matter 
of  txct.  It  Is  usually  half  the  size  of  each  of  the  outside 
wires,    and    sometimes    less. 

The    following    statement    Is    also    made: 

Tf  electric  power  Is  generated  outside  the  machine  and 
Is  brought  to  It,  and  If  this  power  puts  the  machine  in  motion 
and  thus  runs  other  machinery,  the  machine  is  called  a  motor. 
If  the  machine  derives  Its  mechanical  power  from  some 
source  outside  Itself,  and  delivers  electric  power,  It  Is  called 
a  generator.  The  term  dynamo  Includes  both  generator  and 
motor. 

While  any  dlrect-carrent  Kenerator  may  be  run  as  a  motor. 
It  seems  a  misnomer  to  apply  the  term  "dynamo"  to  a  motor. 


Common  usage  has  made  the  dynamo  synonymous  with  gen- 
erator, and  even  the  dictionaries  (both  electrical  and  general) 
define  a  dynamo  as  a  machine  for  converting  mechanical  into 
electrical  energy  by  magneto-electric  induction. 

On  the  whole,  the  merits  of  the  book  greatly  outweigh  its 
defects,  and  it  should  prove  very  useful  to  me  man  who  must 
acquire  a  working  knowledge  of  the  subject  in  a  short  time. 


Midwinter  A.  I.  E.  E.  Convention 

The  midwinter  convention  of  the  American  Institute  of 
Electrical  Engineers,  held  Feb.  26  to  2S,  was  devoted  exclu- 
sively to  a  discussion  of  data  bearing  upon  a  revision  of  the 
present  Standardization  Rules,  which  have  been  found  inade- 
quate to  cope  with  present  requirements  in  the  electrical  field. 

In  all,  45  papers  were  presented — the  large  number  mak- 
ing it  necessary  to  read  most  ot  them  in  abstract  or  by  title 
only.  The  papers  were  classified  under  four  groups,  the 
first  dealing  with  heating,  heat  measurements  and  rating  by 
heat;  the  second  with  methods  in  determining  losses  in  ap- 
paratus: the  third  with  methods  of  testing  apparatus  for  per- 
formance: and  the  fourth  with  miscellaneous  subjects  relat- 
ing to  rating. 

The  discussions,  both  written  and  oral,  were  numerous, 
and  for   the   most   part    very  largely  of  a   constructive   nature. 

The  Standards  Committee,  under  whose  direction  the  con- 
vention was  held,  deserves  credit  for  the  businesslike  manner 
in  which  the  meeting  was  conducted  and  the  large  number 
of    papers    disposed    of. 

The  convention  was  concluded  with  a  reception  and  dance 
at  the  Hotel  Astor.  on  the  evening  of  Feb.  2S. 


National  Tube  Co.'s   Book  of 
Standards 

To  the  engineer  who  needs  practical,  accurate  information 
concerning  pipes,  tubes,  joints,  valves,  fittings,  etc.,  and  who 
desires  a  strictly  pipe  handbook,  the  1913  revised  edition  of 
the  National  Tube  Co.'s  "Book  of  Standards"  will  be  of  im- 
mense value.  It  is  not  a  catalog  nor  padded  with  advertising 
matter.  This  edition  is  largv?r  and  more  complete  that  the 
older  one.  contains  559  pages,  is  printed  on  Canterbury  Bible 
paper  and  will  fit  the  pocket  readily.  The  index  has  about 
4000    references,    and   all    '.he   headings   are   cross-indexed. 

A  descriptive  article  covers  the  main  process  of  manu- 
facturing both  welded  and  seamless  tubes  and  gives  much 
information  on  the  threading,  durability,  physical  properties, 
etc.,  of  both  National  pipe  and  Shelby  seamless  steel  tubes. 
Weights,  dimensions,  threads  per  inch,  test  pressures,  sec- 
tions of  joints,  specifications,  etc.,  of  the  various  kinds  of 
pipes  and  tubings  made  are  also  given  as  well  as  a  valu- 
able article  on  protective  coating,  Matheson  joint  pipe  and 
Converse  joint   pipe. 

Several  pages  contain  tables  of  lap-weld  and  seamless 
tubes,  upset  and  expanded,  wrought  pipe  bends,  butted  and 
strapped  joints,  pump  joints,  valves  and  fittings,  including 
various  kinds  of  nipples  and  flanges,  hand  railings  and  lad- 
ders, working  barrels,  cylinders,  Shelby  seamless  specialties, 
Shelby  seamless  cold-drawn  trolley  poles,  tables  of  ph.vsieal 
properties  of  Shelby  seamless  steel  tubes  and  of  carbonic  acid 
gas.  Briggs'  standard  folding  power  of  boiler  tubes  and  ther- 
mal  expansion  of  iron  and   steel  tubes. 

The  articles  on  the  strength  of  tubes  and  cylinders  under 
internal  fluid  pressure  and  collapsing  pressures  are  from 
papers  by  Prof.  R.  T.  Stewart,  of  the  University  of  Pitts- 
burgh. Several  of  the  formulas  are  compared,  and  results 
ot  actual  tests  are  given.  These  are  also  tables  which  show 
the  probable  collapsing  and  bursting  strengths  of  standard 
tubes.  These  articles  and  tables  will  prove  of  immense  bene- 
fit   in    connection    with    boiler   engineering    problems. 

An  article  on  safet.v  factors  and  safe  working  stresses 
shows  through  v/hat  ranges  values  should  be  used  for  sate 
operation.  Information  is  also  given  on  water,  gas,  steam 
and    air    insofar    as    they    concern    tubular    products. 

The  many  tables  Include  fifth  roots  and  fifth  power;  deci- 
mals cf  a  foot  tor  each  '/lu  In.;  decimals  of  an  inch  for  each 
'/n<;  wire  and  sheet  metal  gages  in  approximate  decimals  of 
an  Inch.  Other  features  are  proportions  of  screw  threads, 
nuts  and  bolt  heads,  area  and  weight  factors  for  tubes  and 
pipes;  special  tests  by  which  to  find  directl.v  the  weights  o' 
nearly  all  sizes  and  thicknesses  of  steel  tubing  up  to  36  In.; 
tables  showing  properties  of  tubes  and  round  bars,  with  an 
explanatory  article,  and  giving  various  physical  properties, 
including  circumference,  area,  weight,  surface  in  square  feet, 
values,  moment  of  inertia,  radius  of  gyration,  etc.,  for  tubes 
and   round   bars  up  to  and   Including  36  In. 
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The  metric  system  is  included  with  conversion  methods 
for  most  of  the  more  commonly  used  measures,  including 
temperature,  and  a  glossary  of  terms  used  in  the  pipe  and 
fittings  trade.  The  meanings  of  the  less  well  known  words 
in  the  trade  are  defined. 

The  book  is  published  by  the  National  Tube  Co.,  Pitts- 
burgh.  Penn..  and  will   be  sent  on   receipt  of   $2. 


To   Cooperate    for   Public  Betterments 

Arthur  Williams,  of  the  Xew  York  Edison  Co.,  and  chair- 
man of  the  public  policy  committee  of  the  National  Electric 
Light  Association,  was  the  host,  on  Tuesday  evening.  Feb.  IS. 
of  a  dinner  in  the  Union  League  Club,  New  York  City,  to  a 
number  of  representatives  of  electric  lighting  and  street  rail- 
way companies  from  all  over  the  country.  The  dinner  was 
followed  by  an  informal  discussion  on  ways  and  means  of 
cooperating  with  the  public  in  the  management  of  public 
utilities. 

Gen.  George  H.  Harries,  president  of  the  Louisville  Light- 
ing Co.,  referred  to  what  he  called  a  partnership  with  the 
companies  and  the  public  and  said  that  only  in  this  way 
could  the  best  cooperation  be  obtained. 

After  some  discussion  of  minimum  wages  and  old  age 
pensions.  Mr.  Williams  said  that  he  did  not  like  the  term 
•'old-age  pensions."'  but  preferred  "service  annuities."  What 
the  old  employees  received  was  the  result  of  rendering  ser- 
vice as  well  as  performing  work. 

Some  of  those  there  were  Frank  Hedley.  vice-president 
and  general  manager  of  the  Interborough  Rapid  Transit  Co.; 
Thomas  N.  McCarter,  president  of  the  Public  Service  Cor- 
poration of  New  Jersey  and  chairman  of  the  committee  on 
public  relations  of  the  American  Electric  Railway  Associa- 
tion: Patrick  Calhoun,  president  of  the  United  Railroads  of 
San  Francisco:  Oscar  T.  Crosby,  president  of  the  Trenton  & 
Mercer  County  Traction  Co.:  James  H.  McGraw.  president  of 
the  McGraw  Publishing  Co.;  William  H.  Heulings,  Jr.,  assist- 
ant secretary  of  the  J.  G.  Brill  Car  Co.:  C.  Loomis  Allen, 
president  of  the  Newport  News  &  Old  Point  Comfort  Ry.  & 
Electric  Co.;  C.  C.  Pierce,  vice-president  of  the  Providence  & 
Fall  River  Street  Ry.  Co.;  J.  H.  Pardee,  president  of  the  J.  G. 
White  Management  Corporation  and  H.  C.  Donecker.  secretary 
and  treasurer  of  the  American   Electric  Railway  Association. 


Gas  Engine  Cylinder  Head  Blows  Out 

When  starting  a  gas  engine  in  the  factory  of  the  S.  L. 
Pierce  Shoe  Co.,  Cleveland.  Ohio,  at  7:30  a.m.,  on  Feb.  19. 
the  cylinder  head  was  blown  out.  The  engine  was  about  12 
years  old.  Paul  Cooley.  the  engineer,  was  thrown  about  15 
ft.,  and  injured  on  the  head  and  back.  The  fireman  was  not 
seriously  injured.  The  engine  is  said  to  operate  on  natural 
gas.  and  the  explosion  was  due  to  backfiring.  The  owners  of 
the    engine  refused   to  supply  any  other  information. 
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WILLIAM    HENRY    WHITE 
On  Feb.  27,  Sir  William  Henry  White    fhe  originator  of  the 
modern  battleship,  died  suddenly  in  London  af*er  a  stroke  of 
apoplexy. 

He  was  born  in  Devonport  in  1S45.  He  was  in  the  con- 
structive department  of  the  Admiralty  from  1867  to  1883.  and 
rose  to  the  rank  of  chief  constructor;  he  was  professor  of 
naval  architecture  at  the  Royal  School  of  Naval  Architecture 
and  the  Royal  Naval  College  from  1870  to  1881;  he  organized 
and  directed  the  warship  building  department  of  Armstrong 
&  Co.,  at  Newcastle,  from  1883  to  1885:  he  was  director  of 
naval  construction  and  assistant  controller  of  the  royal  navy 
from  1885  to  1902,  and  during  that  time  designed  many  of 
Great  Britain's  big  fighting  ships. 

Because  of  ill  health  Sir  William  resigned  his  office  and 
was  awarded  a  special  grant  of  money  by  vote  of  Parliament 
in  recognition  of  his  services  to  the  navy.  He  was  a  consult- 
ing designer  of  the  "Mauretania"  for  the  Cunard  Steamship 
Co. 

On  his  retirement  from  the  public  service  Sir  William 
White  took  a  leading  part  in  the  proceedings  of  the  principal 
British  engineering  societies,  and  was  particularl.v  interested 
in  the  promotion  and  organization  of  technical  education.  He 
was  president  of  the  Institution  of  Civil  Engineers,  the  Me- 
chanical Engineers,  the  Marine  Engineers,  the  Institute  of 
Metals,  and  the  Junior  Institution  of  Engineers. 

Many  engineering  societies  in  Great  Britain  and  abroad 
have  enrolled  him  as  honorary  member.  Among  these  are 
the  American  societies  of  Civil  Engineers.  Mechanical  Engi- 
neers and  Naval  Architects,  the  Canadian  Society  of  Civil 
Engineers,  and  the  Association  Technique  Maritime  of  France. 
The  John  Fritz  Medal  for  1911  was  awarded  to  Sir  William 
White  "for  achievements  in  naval  architecture"  by  the  special 
board  appointed  by  the  four  great  American  engineering 
societies.  At  home,  he  was  an  honorar}-  member  of  many  en- 
gineering societies,  including  the  Society  of  Engineers,  the 
Engineers  and  Shipbuilders  in  Scotland,  the  North  East  Coast 
Institution  of  Engineers  and  Shipbuilders,  the  Liverpool  En- 
gineering Society  and  the  Aberdeen  Association  of  Civil  En- 
gineers: a  fellow  of  the  Royal  Society,  the  highest  scientific 
distinction  possible  to  a  British  citizen:  a  fellow  of  the  Royal 
Society  of  Edinburgh  and  a  member  of  the  Royal  Academy  of 
Sciences  in  Sweden.  Honorary  degrees  were  conferred  upon 
him.  including  the  doctorate  of  science  of  Cambridge  and 
Durham  in  England,  and  of  Columbia  University  in  the  City 
of  New  York:  the  doctorate  of  laws  in  Glasgow:  the  doctorate 
of  engineering  in  Sheffield  University.  As  the  result  of  his 
persistent  advocacy,  professorships  of  naval  architecture  have 
been  founded  in  the  universities  of  Liverpool  and  Durham. 


PERSONALS 


At  the  special  meeting  of  the  American  Museum  of  Safety 
on  Friday  evening,  Feb.  21,  at  Delmonico's,  New  York  City, 
the  Harriman  medals  were  discussed.  The  gold  medal  will 
be  awarded  by  the  Museum  of  Safety  to  the  railroad  in  the 
United  States  which  will  have  made  the  greatest  progress 
in  safety  and  accident  prevention,  first  in  safeguarding  the 
traveling  public,  and  second,  in  preventing  accidents  among 
employees.  The  silver  medal  will  be  awarded  to  an  operative 
head,  such  as  a  division  superintendent  who  has  himself  ac- 
complished notable  work  along  safety  and  accident  prevention 
lines.  The  bronze  medal  will  be  awarded  to  a  switchman,  a 
brakeman  or  a  yardman  who  has  performed  some  kind  of 
service  or  in  some  way  contributed  to  the  safety  of  the  public 
or  his  fellow  workmen.  The  medals  will  be  awarded  annually 
in  January,  the  first  presentation  being  in  1914.  The  com- 
mittee appointed  by  President  Arthur  Williams  to  take 
charge  of  all  matters  relative  to  the  medal  consists  of  Presi- 
dent Hadley,  of  Yale:  the  U.  S.  Commissioner  of  Labor;  Secre- 
tary W.  F.  Allen,  of  the  American  Railway  Association:  Sam- 
uel O.  Dunn,  eldtor  of  the  "Railway  Age  Gazette."  and  Frank- 
lin K.  Lane,  chairman  of  the  Interstate  Commerce  Commission. 
The  Harriman  medal  is  the  fifth  which  the  Museum  now 
awards  annually.  Among  the  honorary  guests  at  the  dinner 
and  meeting  were  H.  L.  Doherty.  James  Speyer.  Dr.  F.  L. 
Hoffman.  Dr.  William  H.  Tolman.  Dr.  Norman  B.  Ditman. 
A.  A.  Hopkins.  Dr.  Charles  A.  Doremus,  T.  Commerford  Mar- 
tin a.nd,  ,A.    A.  Anderson. 


Ernest  B.  Lloyd,  M.  E.,  has  accepted  the  position  of  chief 
engineer  of  the  Chicago  State  Hospital,  at  Deeming,  111.  Mr. 
Lloyd   was   until   recently   with   the    Kankakee   State    Hospital. 

John  J.  McDonald,  a  salesman  for  the  William  B.  McVicker 
Co.,  New  York  City,  for  the  past  three  years,  has  accepted 
a  position  with  J.  L.  Quimby  &  Co.,  of  that  city,  in  a  similar 
capacity. 

John  Fritz,  the  eminent  engineer  and  iron  master,  gave 
his  residuary  estate,  amounting  to  about  $150,000.  to  Lehigh 
primarily  as  an  endowment  fund  for  the  maintenance  of  the 
Fritz  Engineering  and  Testing  Laboratory.  Mr.  Fritz,  who 
was  a  trustee  of  Lehigh  from  its  founding  in  1866.  gave  the 
laboratory  to  the  university  in  1910.  It  is  one  of  the  best 
equipped  of  its  kind  in  the  world,  and  its  construction  and 
equipment    were    personally    supervised    by    Mr.    Fritz. 


J.  G.  White  &  Co..  Inc..  believing  that  the  separate  incor- 
poration and  independent  management  of  its  three  major  de- 
partments will  increase  the  general  efficiency  of  its  work, 
has  formed,  as  subsidiary  companies,  the  J.  G.  White  Engi- 
neering Corporation  and  the  J.  G.  White  Management  Cor- 
poration. The  new  companies  have  acquired  the  good  will, 
contracts,  equipment  and  other  assets  of  the  engineering,  con- 
struction and  management  departments  of  the  present  com- 
pany. J.  G.  White  &  Co.,  Inc..  will  continue  as  an  active  fi- 
nancing and  owning  company  in  the  general  field  of  engineer- 
ing and  public  utility  enterprise.,     , 
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Drawn  by   Delcvan   E.    Whaley,    lieaiiing,   Mich. 
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Lake  Shore  Generating  Plant 


By  a.  D.  Williams 


SYNOPSIS — This  new  turbine  plant  of  the  Cleveland 
Electric  Illuminating  Co.,  located  on  the  shore  of  Lake 
Erie,  has  at  present  a  capacity  of  61,000  kiv.  with  pro- 
lusion for  extension  to  more  than  double  this  amount. 
The  present  article  deals  with  the  plant  in  general  and 
will  he  followed  with  two  other  in.'!tallnients  treating  of 
special  phases  of  the  design  and  equipment. 

Service  demands  indicated  that  the  Cleveland  Electric 
Illuminating  Co.,  would  outgrow  its  generating  capacity 
end  there  was  no  further  space  available  at  the  original 
plant  on  the  flats.  This  and  the  undesirability  of  the 
Cuyahoga  Eiver  water  led  the  management  to  seek  a  site 
upon  the  shore  of  Lake  Erie  where  the  water  supply 
would  be  unlimited  and  where  ample  room  would  be 
available  for  future  extension.  A  ten-acre  site  was  se- 
cured at  the  foot  of  East  Seventieth  St.,  running  back 
from  the  lake  about  one  thousand  feet  to  the  main  line  of 
the  Lake  Shore  E.E.  and  the  construction  of  the  Lake 
Shore  generating  plant  was  started  about  three  years  ago. 
A  portion  of  the  plant  has  been  in  operation  for  about  a 
year,  and  a  fifth  unit  of  15,000  kw.  capacity  has  just  been 
added.  The  two  9000-kv.-a.  units  in  this  plant  were  first 
delivered  and  placed  in  operation  in  the  old  plant  and  were 
afterward  removed  to  the  new  plant  when  the  installa- 


rising  from  close  to  the  water's  edge  to  a  height  of  nearly 
50  ft.  above  the  water  level.  The  southern  portion  of  the 
property  is  level  and  a  portion  of  it  is  utilized  for  coal 
storage.     The  generating  plant  is  located  at  the  foot  of 


kis»- 


i-it,.  1.  i'(H\i:ii  Plaxt  from  Intake  Canal 

the  bluff  on  a  jjortion  of  the  site  which  lays  beyond  tli'^ 
old  shore  line  of  the  lake.  The  building  stands  upon  ■<> 
concrete  mat  substructure  inclosed  in  a  steel  sheet-pi! 


6/t7ss  enclosed  gallery, 
■:       Chiefs  Of f ice 


Circulating  Water 
-* —   In  fa  lie 


■  Gate  for  odmif ting 
water  ioeliminafe 
ice  troubles 


Fig.  2.    General  Plan  of  Plant 


tion  of  the  two  14,000-kv.-a.  units  enabled  the  Lake  Shore 
plant  to  carry  a  large  part  of  the  load. 

The  general  plan  of  the  plant,  Fig.  2,  shows  only  the 
north  or  lake  end  of  the  property  and  the  service  tracks 
in  the  yard  which  connect  with  the  Lake   Shore  E.E. 


cofferdam,  and  is  built  of  brick  with  granolithic  trim 
niing.  A  large  proportion  of  the  wall  area  is  of  glass,  ad 
niitting  li^ht  to  all  parts  of  the  plant. 

One  of  the  features  of  the  plant  is  the  large  amoun 
of  clear  space  around  the  machinery,  the  height  of  th 


The  shore  of  the  lake,  at  this  point,  forms  a  steep  bluff      turbine  room,  the  high  basement  under  the  boilers,  am 
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the  wide  firing  aisles.  However,  this  plant  compares  very 
favorably  on  a  space  and  volume  basis  with  other  large 
plants,  as  indicated  by  the  following  approximate  figures: 

Area,  Volume, 

Square  Feet  Cubic  Feet 

Turbine  room 28,360  2,252,000 

per  kilovolt-ampere . .                                                           0.396  30.43 

BoUer  room .53,920  3,740.900 

per  kiJovolt-ampere ...                                                         0 .  729  SO .  55 

per  boiler  horsepower .                                                              1.664  115  60 

Total  ground  .irna .    S2,4S0  5,992,900 

per  kilovolt-ampere 1.114  89 .  88 

In  general  arrangement  the  Lake  Shore  plant  is  some- 
what similar  to  the  Fiske  Street  station  in  Chicago.  The 
boiler-firing  aisles  are  at  right  angles  with  the  turbine 
room.  The  self-supporting  steel  stacks  with  their  linings 
are  carried  upon  the  steel  framing  of  the  building,  and 
the  breechings  are  placed  on  the  roof  of  the  building 
over  the  boilers.  The  space  over  the  firing  aisles  is  covered 
by  a  large  hopper-bottom  coal  bin  in  a  monitor  between 
the  stacks. 


has  been  made,  the  operating  gallery,  which  is  now  lo- 
cated at  the  extreme  east  end,  will  be  in  the  center. 

The  level  of  Lake  Erie,  at  Cleveland,  is  subject  only 
to  small  variations,  which  permits  the  basement-floor 
level  being  placed  only  one  foot  above  the  lake  level 
without  incurring  any  danger  from  flooding.  The  tur- 
bine floor  is  12.5  ft.  above  the  lake  and  the  boiler  floor 
8.5  ft.  higher.  This  arrangement  permits  running  the 
boiler-room  steam  piping  below  the  floor,  in  the  base- 
ment, and  gives  a  practically  level  run  to  the  turbines. 

The  only  machines  below  the  turbine-room  floor  are 
the  hotwell  or  wet-vacuum  pumps,  which  have  to  be 
placed  below  the  level  of  the  bottom  of  the  condenser, 
and  the  surface  condensers.  The  turbine-room  floor  is 
slightly  below  the  lowest  steam  stage  of  the  turbine.  All 
the  boiler-feed  pumps,  high-  and  low-pressure  oil  pumps, 
the  dry-vaeuum  and  circulating  pumps  are  in  the  turbine 
room. 

The  generators  are  of  the  down-draft  ventilated  type. 


Fio.  3.  View  of  TuiUii.vE  Room,  Showing  14,000-kv.-a.  and  !)0()O-kv.-a.  Units 


The  only  switching  cciuiiiineiit  in  llic  power  plant  is 
that  necessary  for  the  control  of  the  generating  equip- 
ment, the  exciters  and  the  station  lighting.  The  dis- 
tribution i.s  controlled  from  a  separate  switchhou.se. 

The  machinery  and  boilers  are  arranged  in  symmetrical 
grouy)s,  each  consisting  of  two  generating  units  and  their 
au.viliaries  in  the  turbine  room  and  tiie  ijoilcrs,  .stack 
iiiKJ  Itunker  supply  in  the  lioiler  room.  Each  group  is 
practically  an  independent  unit  power  plant,  throe  such 
units  forming  the  ('(|uipment,  when  c(mipiete,  in  the 
]irescnt  building,  while  the  space  available  for  extension 
will  [xTiiiit  the  installation  of  four  similar  unit  groups 
111  I  lie  cast  of  the  firesent  structure.    When  this  extension 


the  air  suj)])ly  liciiig  drawn  in  from  liic  (iiriune  room 
through  an  inlet  at  one  side  of  the  machine  just  below 
the  top  platform,  passing  down  through  the  air  ducts  in 
the  machine  and  being  discharged  into  the  room  through 
outlets  in  the  distance  piece  over  the  to])  of  the  turbine. 
This  method  of  ventilation  avoids  the  large  iiir  <lucts  lead- 
ing up  to  the  top  of  the  generator,  but  the  floor  framing 
and  ])lates  are  so  arranged  that  air  may  bo  drawn  from 
outside  of  the  building  sliould  this  become  necessary.  The 
appro.Nimate  air  circiihitioii  through  the  turbines  is  40,- 
000  cu.ft.  per  min.  for  the  9000-kv.-a.  units  and  50,000 
cu.ft.  per  min.  for  the  1  l,000-kv.-a.  units.  These  ma- 
chines are  guaranteed  to  operate  at  85  ])cr  cent,  power 
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EQUIPMENT  OF  LAKE  SHORE  GENERATING  PLANT 


Equipment 
2     A.  C.  Generators. . 

2     A.  C.  Generators.. 

1     A.  C.  Generator. 


Type 
3-phase    60-cy 

3-phase  60-cy 

vert. 
3-phase  60-cy 

vert. 


Service  Volts  Ampe 

Main  units  11.431  43; 

1  &  2 

Main  units  11,431  70( 

3  &  4 

Main  unit  5  11.431  75( 


R.p.. 


Number 
Stages    Capacity 
.  .  .       9,000  kv.a 


2  Turbines Curtis  vert. 

2  Turbines Curtis  vert. 

1  Turbine Curtis  vert. 

2  Surface  condensers.  I  two-passT 
2  Surface  condensers..  <  two-pa^ 

1  Surf  ace  condenser...  I  togas' 

2  Dry  vacuum  pumps.  Corliss 


f  Main  u 
\        l& 


Main  unit  5 
Units  1  &  2 
Units  3  &  4 

Unit  5 
Units  1  &  2 


f  Centrifugal  1 

2  Circulating  pumps .  .  ^  double  \    Units  1  &  2 

t  suction  J 

2  Dry  vacuum  pumps .  Corliss             Units  3  &  4 

1  Dry  vacuum  pump . .  Corliss                 Unit  5 

(  Centrifugal  1 

2  Circulating  pumps   .  !  double  }    Units  3  &  4 

[  suction  ) 

1  Circulating  pump. .  .  "                      Unit  5 

2  Hot  well  pumps Centrifugal         I  nits  1  &  2 

2  Turbines   Units  1  &  2 

3  Hot  well  pumps Centrifugal       Units  3,  4  &  5 

3  Turbines Units  3.  4  &  S 

2  Free  exhaust  valves..  Units  1  &  2 

3  Free  elhaust  valves..  Units  3,  4  &  5 

6  Pumps Centrifugal          Boiler  feed 

3  Turbines Boiler  feed 

3  Turbines Boiler  feed 

S  Pumps Duplex  plunger     Step  bcarmg 

5  Accumulators..--  V,  rural             St.|i  liranng 

8  Pumps Huiil.A                l.ul.Tiralion         --- 

4  Pumps \  iriH  al               c  hi  n  turns 

1  D.  C.  generator- -  -  Int.Tpn!..                I.x.iter             140 

1  Turbine Curtis  horizontal        Exciter  -  -  - 

2  D.  C.  generators. ..  .  Intcrpole               Exciter             125 
2  Motors 3-phase                 Exciter           2200 

1  Storage  batter}' Exciter  140 

1  D.  C.  generator Interpole  { ''bTttery'"  /    ^O-^" 

1  Motor 3-phase             Booster  set       2200 

1  D- C.  generator Interpole                 ..\shes              2.")0 

1  Motor 3-phase                  Ashes              230 

,  „                                    I  Overhead  1    J   Turbine 

1  Crane |  traveler  \    \      room 

[  Volute  ) 

1  Pump \  double  >         Sump 

t  suction  j 

1  Motor 3-phase            Sump  pump        220 

1  Air  compressor 

1  Motor 3-phase           \\t  compressor     220 

0  Heaters Closed,  vertical       Boiler  feed        .  -  -  - 

27  Boilers Stirling             Main  units       --.. 

27  Superheaters Foster                  Boilers            ...  - 

27  Stokers Chain  grate             Boilers 

9  Engines Slide  valve             Stokers 

2  Chimneys Steel  lined              Boilers 

S7  Water  columns Boilers  -  -  .  . 

27  Draught  regulators. .  Boilers 

27  Scales Coal  hoppers       .  . 

Valves Steel  body 

Piping Soft  steel 

1  Turntable Switching         -  . 

3  Conveyors 30-in.  belt             Bunkers           ,  ,  -  - 

3  Motors 3-phase              Conveyor           220 

1  Conveyor 30-in.  belt         Distributing           .  - 

1  Motor 3-phase              Conveyor           220 

1  Conveyor 30-in.  belt               Incline            -,-- 

1  Motor Conveyor  220 

2  Crushers 4-roll                                          - 

2  Motors 3-pha8e               Crushers            220 

2  Feeders Double-plunger        Crushers          -    -  - 

2  Motors 3-phase                Feeders            220 

1  Track  scale Track  hopper     .... 

1  Crane Steam  locomotive        Yard  ,  -  -  . 

1  Bench  board Main  units        .  .  -  . 

1  Switchboard Exciter 


215  lb. 


Maker  and  remarks 
G.  E.  Co. 

G.  E-  Co. 

G.  E.  Co. 


140,000  lb. 
steam 
per  hr. 

224,000  lb. 
steam 
per  hr. 


123 

Superheat 

215  lb. 

125°  F- 
Superheat 

125°  F. 
Superheat 
28  in.  vac. 
70°  F.  circ. 

water 
28 -6  in.  vac. 


-110      IS  &  30x18        1 


100-150      20  &  34x24        1 


G-  E.  Co. 

G-  E.  Co- 

}  G.  E.  Co. 

1 

■>  Wheeler  Cond.  &  Eng.  Co. 

IAlberger  Cond.  Co. 
Alberger  Cond-  Co 

f  Flash  port  in  air  cylinder 
I  Wheeler  Cond.  &  Eng-  Co. 
C.&.G.  Cooper  Co..  steam 
[  end- 

Wheeler  Cond.  &  Eng.  Co. 

1  Flash  port  in  air  cylinder. 
1  -Mberger  Cond.  Co' 
.■Uberger  Cond.  Co. 


100-150 

36  in- 

1        30.000  bal. 

Alberger  Cond.  Co- 
Alberger  Cond.  Co. 

2000 

4  in. 

300  gal- 

Wheeler  Cond.  &  Eng.  Co 

2000 

( 

6-.n;  sue-    1 

10  hp- 

Terry  Turbine  Co. 

2220  i 

I 

tion  5  in    \ 
discharge    J 

1           675  gal. 

Alberger  Cond   Co 

2220 

30in- 
36  in. 

1 

Terry  Turbine  Co. 
Crane  Co. 
Crane  Co. 

3-2000 
3-1700 

Bin- 

4           625  gal. 

(  Suction  head  5  ft. 

■  Discharge  head  320  ft. 

Piatt  Iron  Works  Co. 

2000 

1           ISO  hp- 

175  Ib- 

1  2   in.    back   pressure - 
1  Terry  Turbine  Co 

1700 

12x2|xl2 

1           150  hp. 

175  Ib- 

Terry  Turbine  Co. 

Dean  Bros.    Outside  packed 

12in.xl3ft.      - 

8.W  11)- 

R-  D-  Wood  &  Co- 

6x4x6 

Dean  Bros- 
Dean  Bros- 

2500 

125  kw- 

G.  E.  Co- 

2500 

215  lb 

G-  E-  Co. 

500-514 

200  kw. 

G.  E.  Co. 

500-514 

60  cells 

:i00  hp 

G   E.  Co- 

f  Electric    Storage    Battery 
\       Co. 
t  60  cells  and  20  end  cells 

500 

67  5kw. 

W.  E.  &  M.  Co 

500 

100  hp. 

W-  E-  &  M.  Co- 

850 

35  kw. 

Lincoln  Electric  Co 

850 

60  hp. 

Lincoln  Electric  Co- 

1  1.50  gal- 

l.SCJO  .     -  15  hp- 

10x10 


900 


6000  sq-ft- 
800  sq-ft- 

/      10x11      1 
I    llOsq.ft  1 

18.5x216  ft. 

6    ton 

200  ft-  long 

250  ft.  long 

302  ft-  long 

865 

24x26  in. 

865 

25  hp. 

600  hp 

f  15.250 

{  lb.  per     t          100° 

I  hr, 

(  20-40  Ib- 

]  per  sq.ft 

[  per  hr. 

300   tons     1 

per  hr..  400  } 

ft-  per  min.  I 

25  hp. 

300  tons    ) 

400  ft.       [ 

pep  min.     J 

40O  ft-  per  min. 

.50  hp- 
75  ton  per  hr. 

75  hp. 

15  hp. 
150  ton 


Cleveland  Crane  &  Eng-  Co. 


f  Clayton    Wx    Compressor 
■;  Co. 

[  Morse  chain  drive. 
Crocker-Wheeler  Elec.  Co. 
I  Wheeler  Cond.  &  Eng-  Co. 


(  2  to  10  in.  travel  per  mm. 
I  2  to  4  in-  draught- 
i  Green  Engineering  Co, 

E.  H.  Waches,   (Chicago) 

f  246  ft.  above  grates. 

l  Jas.  McNeU  Bros.  Co- 
D    T-  Williams  Valve  Co. 
Howe  Scale  Co. 
Crane  Co.  &  Nelson  Valve  Co. 

f  Pittsburgh    Piping   & 

\      Equip:  Co. 
Detroit  .\ir  Motor  Tractor- 

C.  O-  Bartlett  &  Snow- 

G.  E-  Co. 

CO.  Bartlett  &  Snow 


C-  O.  Bartlett  &  Snow 
n,  E,  Co, 

C.  O,  Bartlett  &  Snow 
G   E-  Co. 

C-  O-  Bartlett  &  Snow 
G-  E.  Co- 
Standard  Scale  &  Supply  Co. 
Browning   Eng.    Co- 
Walker  Elec-   Co. 
Walker   Elec-    Co- 
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factor  with  a  temperature  rise  of  less  than  50  deg.   C. 
The  full-load  excitation  current  is  as  follows: 


ExcitinK  current,  unity  power  factor 355  amp.  375  amp. 

90  volts  85  volts 

ExcitinK  current,  80  per.  cent  power  factor 435  amp.  460  amp. 

110  volts  105  volts 

Direct  current  for  this  purpose  is  supplied  by  two 
motor-generator  sets  and  one  turbo-exciter  unit.  A  stor- 
age battery  is  provided  to  supply  current  should  the  gen- 
erators fail  or  be  shut  down  for  any  reason.     This  bat- 


OnE   TuiiBIXE   GrOITP   with    .\rXILI.\T!IES 


the  charging  set  and  throws  the  battery  on  the  busbar.-; 
if  the  current  supply  fails.  Reverse-current  relays  are 
connected  in  the  e.xeiter-generator  leads  and  operate  the 
circuit-breakers  connecting  them  to  the  busbars.  The 
lighting  circuits  of  the  plant  are  sectionalized  so  that  a 
sufficient  number  of  lamps  to  partially  light  all  parts  of 
the  plant  can  be  connected  with  the  exciter  battery  in 
case  the  other  sources  of  energy  fail. 

One  of  the  peculiar  features  of  this  plant  is  the  use 
of  an  inclined  plane  and  a  turntable  to  facilitate  the  in- 
i-tallation  of  machinery.  The  bluff  at  this  point  would 
have  given  a  50  per  cent,  grade  about  100  ft.  long  if 
the  switch  track  had  been  run  directly  into  the  building. 
A  slope  as  steep  as  this  would  be  extremely  difficult  to 
operate  with  heavy  carloads  and  a  runaway  would  have 
seriously  damaged  the  structure.  In  order  to  minimize 
the  risk  of  operation  and  the  possibility  of  damage  the 
cable-operated  incline  was  run  diagonally  down  the  bank, 
reducing  the  grade  to  about  10  per  cent.,  and  the  cars 
are  switched  back  along  the  shore  side  of  the  building 
where  the  boiler-room  floor  comes  about  level  with  the 
platform  of  the  car.  The  turntable  became  necessary 
with  this  trackage  arrangement  in  order  to  permit  loaded 
cars  being  run  into  the  turbine  room  where  the  heavy 
parts  can  be  unloaded  by  means  of  the  crane. 


San  Francisco   Conventions  in  1915 

Arrangements  are  being  made  for  holding  the  annual 
conventions  of  engineering  societies  in  San  Francisco  dur- 
ing the  exposition  period  in  lillS.  Among  these  are 
the  conventions  of  the  International  Electrotechnical 
Commission,  during  the  week  of  Sept.  6 ;  International 
Electrical  Congress,  week  of  Sept.  13;  General  Engineer- 
ing Congress,  week  of  Sept.  20 ;  and  International  Gas 
Congress,  week  of  Sept.  27.  It  is  probable  that  the  Amer- 
ican Electric  Railway  Associalioii  will  hold  its  convention 
during  the  week  of  Oct.  i. 

It  has  been  found  undesirable,  if  not  practically  impos- 


Fi(i. 
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tery  normally  is  floated  on  the  exciter  busbars.  An  in- 
dependent motor-generator  set  is  installed  for  charging 
the  i)attery  and  the  possibility  of  any  interruption  in  the 
field  excitation  while  the  battery  is  being  charged  is 
taken  care  of  by  an  automatic  switch  which  disconnects 


sible,  to  hold  the  ciinvciilioii  dC 
Light  Association  later  than  .linn 
constitutional  provisions.     It   Iki< 
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to  hold  the  1!)!.-.  X.  E.  li.  A.  <c 
of  June  14,  at  San  Francisco. 
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Jacketing  Applied  to  Steam  Cylinders 


SYNOPSIS — As  a  number  of  inquiries  have  been  re- 
ceived relative  to  steam  jacketing,  we  believe  the  follotr- 
ing  extract  from  an  article  by  Dr.  Hubert  Hanszel,  which 
appeared  some  time  ago  in  Zeitschrift  des  Vereines 
Deutscher  Ingenieure,  will  be  of  interest.  Among  other 
things,  are  shown  the  effects  of  superheated  .■steam  with 
and  without  jacketing,  the  effects  of  partial  jacketing  and 
the  economy  of  jacketing  with  simple,  compound-  and 
triple-expansion  engines. 

The  test  was  made  a  few  years  ago  on  a  150-hp.  Gorlitz 
triple-expansion  engine  at  the  Technical  University  of 
Berlin  for  the  purpose  of  determining  the  effect  of  steam 
jacketing  and  other  important  heat  phenomena  in  the 
working  cycle  of  the  steam  engine. 

Ir  this  case  it  was  particularly  important  to  accurately 
determine  the  condensate  in  the  jackets  and  receivers. 
The  usual  arrangement  with  traps,  the  discharge  from 


-'-•-«:■'>.  >o< 


-^S.i^'^cs.: 


wTfh  Jacketing 


"^  Indica-fed        Horsepower  powt^ 

Fig.  1.   Hourly  Coxscmptiox  of  Saturated  Sthai: 

which  is  led  off  through  cooling  coils,  usually  gives  too 
high  a  value;  hence  the  condensation  was  collected  in 
closed  tanks  with  water  columns  and  discharged  through 
cooling  coils  under  its  own  pressure.  For  the  second  re- 
ceiver, in  which  generally  a  partial  vacuum  prevailed,  two 
such  tanks  were  used  consecutively. 

To  prove  the  correctness  of  the  tests,  complete  heat 
balances  were  established.  The  good  agreement  of  the 
losses  due  to  radiation,  flow  and  conduction  which  ap- 
peared as  the  difference  between  the  measured  heat  volume 
supplied  and  that  credited,  is  a  proof  of  the  accuracy  of 
the  tests. 

It  was  important  to  determine  the  apportionment  of 
these  external  losses  among  the  individual  cylinders  be- 
cause there  is  thus  presented  the  possibility  of  knowing 
the  intermediate  condition  of  the  steam.  To  that  end  a 
radiation  test  was  made  with  the  engine  at  rest  and  the 
jacket  heated.  As  the  greater  part  of  the  surfaces,  re- 
sponsible for  these  losses,  were  thus  under  the  same  tem- 
perature as  in  regular  operation  an  approximation  of 
actual  conditions  was  realized.  As  a  result  there  ap- 
peared as  hourly  heat  losses  in  the  high-,  intermediate- 
and  low-pressure  cylinders,  respectively,  31,744,  30,950 
and  32,567  B.t.u. ;  the  last  including  the  exhaust  pipe. 

In  this  particular  case,  with  jacketing  the  quality  of 
the  steam  in  the  receivers  never  went  below  0.95,  while 
without  jacketing  it  fell  to  0.91.  Draining  the  receivers 
raised  this  about  0.01  to  0.05,  but  there  remained  con- 
stantly 1  to  5  per  cent,  water  in  the  steam.  Still  the 
engine  ran  uninterruptedly  even  with  the  high  water 
content  of  9  per  cent.     However,  the  best  of  drainage 


sliould  be  sought  as  wet  steam  exercises  an  unfavorable 
influence  in  loss  of  heat  in  the  cylinders.  So  long  as  the 
walls  are  covered  with  deposited  moisture,  heat  exchange 
is  active,  as  large  volumes  of  heat  are  withdrawn  from 
the  walls  for  its  reevaporation. 

For  the  series  of  tests  made  with  saturated  steam,  Fig. 
1  shows  the  steam  consumption  referred  to  the  indi- 
cated load.  It  appears  from  this  that  at  the  highest  duty 
there  was  practically  no  difi^erence  in  the  steam  consump- 
tion between  jacketing  and  no  jacketing,  while  with  de- 
creasing load  and  without  the  jacket  the  consumption  in- 
creased as  opposed  to  its  decrease  with  the  jacket. 

Cylinder  Efficiency* 

Although  the  effects  of  clearance,  wire-drawing  at  ad- 
mission and  at  release,  pressure  drop  during  passage  of 
the  steam  from  cylinder  to  cylinder  and  possible  leakages 
are  all  functions  of  cylinder  efficiency,  the  heat  exchange 
with  the  cylinder  walls  may  be  accepted  as  the  largest 
factor,  because  by  comparison  the  other  losses,  in  the 
same  engine  and  within  not  too  wide  limits,  can  be  as- 
sumed as  constant.  The  tests  confirmed  this  assumption, 
as  the  cylinder  efficiency  is  in  intimate  agreement  with  the 
quality  of  the  steam  at  the  beginning  of  expansion. 

The  weight  and  quality  of  the  working  steam  being 
given  for  all  the  intermediate  stages  the  individual  eyl- 

132 


Jacket  and  Bottom  Head 
of  ftie  Low  Pressure 
Cylinder  and  Jacket 
of  the  Second  Recei\ 


1320  1760         2200 

Hourly  Working  Live  Steam. \b. 

Fig.  2.   Jacket  Steam  Dependent  on  Working 
Live  Steam 

inder  efficiencies  can  be  determined  and  it  is  thus  pos- 
sible to  judge  of  the  effect  of  the  jacket  heating  on  each 
cylinder. 

In  combination  with  wet  steam,  the  effect  of  pressure 
drop  on  the  heat-transferring  side  of  the  cylinder  walls 
is  further  proved  by  the  noticeable  showing  in  Fig.  2, 
that  with  increasing  cutoff  the  jacket  condensate  increases, 
notwithstanding  the  higher  average  wall  temperature. 
This  was  the  case  for  all  three  cylinders,  as  is  evident  from 
the  curves  plotted  to  show  the  jacket  consumption  as 
dependent  on  the  weight  of  the  working  steam.  It  would 
seem  that  in  consequence  of  the  higher  temperature  in 
the  interior  of  the  cylinder  the  quantity  of  jacket  steam 
should  decrease  with  increasing  cutoff,  but  the  reverse 
api^ears  to  be  the  case. 

Partial  Jacketing 
Based  on  the  separate  cylinder  efficiencies  it  can  gen- 
erally be  determined  what  effect  partial  jacketing  has  on 

•The  terra  "Cylinder  Efficiency"  is  used  here  as  the  equiva- 
lent of  the  German  "Giitegrad,"  which  expresses  the  fractional 
value; 

Steam  consumption  in  a  "no-loss"  engine  with 
incomplete    expansion 

Steam  consumption  in  the  actual  engine 


March  IS.  1913 


POWER 


369 


the  steam  consumption.  With  jacketing  for  the  high- 
pressure  cylinder  an  increased  dutj'  of  about  3  per  cent, 
of  the  total  duty  can  be  expected  from  a  2.5  per  cent, 
greater  expenditure  of  jacket  steam.  If  the  jacket  heat- 
ing be  omitted  for  the  high-pressure  cylinder  alone  the 
steam  consumption  would  not  be  materially  changed. 

For  the  intermediate  cylinder  an  expenditure  for  jacket 
steam  of  about  5  per  cent,  of  the  total  steam  improves 
the  cylinder  efficiency  about  11  per  cent.,  or  referred  to 
the  complete  engine  about  5  per  cent.,  and  thus  here  too 
the  steam  consumption  would  not  be  particularly  in- 
fluenced by  the  omission  of  jacketing.  On  the  contrary,  in 
the  low-pressure  cylinder  with  the  jacket  steam  represent- 
ing only  2.5  per  cent,  of  the  total  steam  the  cylinder  effi- 
ciency is  improved  about  20  per  cent,  and  the  engine  duty 
is  increased  approximately  8  per  cent.  Thus,  doubtless, 
only  the  omission  of  jacketing  from  the  low-pressure  cyl- 
inder materially  raises  the  steam  consumption. 

In  short,  from  the  foregoing  the  influence  of  the  jacket 
on  the  three  cylinders  considered  separately  is  as  fol- 
lows :     The  heating  of  the  high-pressure  cylinder  has  lit- 


138  148  158  lfe&  178 

Indicated      Horsepower  ""'"^ 

Fig.  3.   Hocrlt  Consumptiox  of  Superheated  Steam 

tie  effect,  but  the  heat  operates  for  good  in  the  succeeding 
cylinders.  Jacketing  of  the  intermediate  cylinder  is  more 
effective.  Both  the  high  and  the  intermediate  jackets  are 
of  immaterial  influence  on  the  total  efficiency,  whereas 
heating  of  the  low-pressure  cylinder  raises  its  efficiency  to 
such  an  extent  that,  nothwithstanding  the  non-utilization 
in  the  higher  stages  of  expansion,  the  total  efficiency  be- 
comes greater. 

To  determine  by  direct  measurement  the  effect  of 
partial  jacketing  on  the  steam-consumption,  tests  were 
made  at  the  high  load  (170  hp.),  which  confirmed  the 
foregoing  statements. 

Superheated  Steam  with  axd  without  Jacketing 

Two  series  of  comparative  tests  were  made  with  super- 
heated steam  with  and  without  jacket  heating  and  at  the 
same  loads  as  with  saturated  steam,  namely,  130,  150  and 
170  hp.  Within  the  limits  of  the  investigation  the  hour- 
ly steam  consumption  with  and  without  jacketing  was  the 
same  (see  Fig.  3).  This  is  not  surprising  as  here,  in 
the  high-pressure  cylinder,  the  influence  of  the  jacket 
on  the  initial  loss  disappears  through  the  effect  of  super- 
heating. Jacket  heating  of  the  high-pressure  cylinder 
was  ai)plied  for  the  higher  loads,  but  it  did  not  suffice 
to  even  cover  the  exterior  heat  losses  by  radiation,  etc. 
For  the  smaller  loads  it  was  not  used.  Thus  above  all, 
in  addition  to  the  effect  of  jnckotiiig  the  intormoiliate- 
and  low-pressure  cylinders,  the  weight  at  cutoff  in  the 
high-pressure  cylinder  has  hearing  on  the  steam  consump- 
tion. 

The  dci)endence  of  the  efficiency  of  the  high-pressure 


cylinder  on  the  cutoff  is  clearly  shown  by  Fig.  4.  For  the 
same  total  efficiency  the  utilization  in  this  cylinder  is 
poorer  with  the  jacket  in  use. 

The  improvement  of  cylinder  efficiency  through  super- 
heating is  considerable,  as  is  to  be  expected.  (75  to  90 
per  cent,  for  superheated  steam  as  compared  with  68  per 
cent,  for  saturated.)  The  improvement  in  efficiency  of 
the  intermediate-  and  low-pressure  cylinders  through 
jacketing  is  somewhat  less  than  when  operating  with  satu- 
rated steam,  as  the  steam  is  drier  unjacketed  than  when 
using  saturated  steam. 

Throughout  the  entire  extent  of  the  investigation  the 
improvement  in  total  efficiency  through  jacketing  was  off- 
set by  the  non-utilization  of  the  jacket  heat  in  the  higher 
stages  of  expansion  and  the  poorer  efficiency  in  the  high- 
pressure  cylinder. 

A  complete  thermodynamic  analysis  of  the  three  com- 
parative tests  was  carried  out  for  the  purpose  of  more 
closely  following  the  heat  movement  in  the  cylinder  walls. 

As  already  mentioned  the  amount  of  initial  loss  at 
the  beginning  of  expansion,  is  to  be  considered  as  an  indi- 
cation of  the  cylinder  utilization  of  the  steam.  When  op- 
erating the  engine  with  jacket  heating,  of  the  375.37 
B.t.u.  contained  in  the  working  steam  in  the  high-pres- 
suer  cylinder  during  one  revolution,  54.76  B.t.u.  were  ab- 
sorbed by  the  walls  up  to  the  beginning  of  the  expansion. 
Without  jacketing,  of  the  -102.35  B.t.u.  so  contained,  47.22 
were  transferred  to  the  walls.  Using  superheated  steam, 
out  of  a  heat  content  as  before  of  342.44  B.t.u.,  only  19.84 
were  absorbed  by  the  walls  in  spite  of  the  greater  tempera- 
ture differences ;  showing  the  evident  superiority  of  super- 
heating as  a  means  for  lowering  the  initial  loss. 

A  large  part  of  this  wall  heat  returns  to  the  steam  dur- 
ing expansion.  With  jacketing  of  the  54.86  B.t.u.  ab- 
sorbed 44.05  were  returned ;  and  without  jacketing  of  the 
10| 
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Fig.  4.  High-pressure  Cylinder  Efficiency  Referred 
TO  Total  Steam — for  Superheated  Stea.m 

47.22  B.t.u.  absorbed  38.38  were  returned.  Still  of  this 
heat  recovery  only  a  very  small  part  was  converted  into 
work  in  the  same  cylinder;  about  7.9  B.t.u. 

A  comparison  of  heat-flow  diagrams  for  the  low-pres- 
sure cylinder  showed  a  still  greater  difference  in  the  heat 
loss  at  admission  ;  92.05  B.t.u.  without  jacket  heating  and 

45.23  with.  Of  the  92.05  B.t.u.  absorbed  by  the  walls, 
57.54  (62.5  per  cent.)  were  returned  to  the  steam;  only 
35.5  B.t.u.  of  which  were  returned  to  the  steam  during 
expansion  and  of  that  only  an  inappreciably  small  part 
(0.12  B.t.u.)   was  available  for  work. 

The  tests  with  superheated  steam  afforded  opportunity 
for  observing  the  heat  loss  in  flic  ))ii)ing.  The  tompora- 
ture  of  the  steam  was  taken  inirncdiatcly  at  the  separately 
fired  siii)erheater  and  close  to  the  engine.  Between  these 
points  there  was  about  33  ft.  of  pii)ing  with  dilTc-ont 
bends,  numerous  flanges  and  two  valves,  and  with  the 
exception  of  the  flanges  it  was  well  covered  with  non- 
conducting material. 
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With  saturated  steam  the  heat  loss  was  determined  by 
separating  the  entrained  water,  but  at  higher  velocity 
the  separation  was  less.  Again,  with  superheated  steam 
difficulties  were  encountered  in  measuring  the  temperature 
of  the  steam  to  determine  its  quality  as  the  temperature 
Huctuated  strongly,  the  thermometer  wells  led  ofE  con- 
siderable heat  and  above  all  because  superheated  steam  in 
the  piping  does  not  represent  a  homogeneous  structure. 
In  straight  lines  of  piping  there  should  be  conceived  exist- 
ing longitudinal  strata  which  in  consequence  of  pipe 
friction  have  different  velocities  and,  resultant  from  the 
outward  heat  flow,  different  temperatures.  If  a  sudden 
change  of  direction  or  cross-section  occurs,  these  strata 
mingle.  Thus  temperature  measurement  in  a  superheated 
steam  line  is  of  value  in  determining  its  condition  only 
when  through  a  whirling  action  of  the  steam  at  the  place 
of  measurement  stratification  does  not  exist. 

The  results  of  these  tests  showed  that  the  temperature 
at  the  walls  of  the  pipe  was  from  25  to  3-1  deg.  lower  than 
at  the  middle,  but  that  moving  toward  the  latter  it  rises 
rapidly  so  that  the  increase  in  temperature  from  a  point 
about  %  in.  from  the  wall  to  the  middle  of  the  pipe  is  lesa 
than  1.8  deg.  The  actual  average  temperature  of  the 
fully  mixed  steam  would  in  this  case  lie  about  3.6  deg. 
below  the  measured  temperature  at  the  middle  of  the  pipe. 
In  this  instance  the  point  of  measurement  lay  just  be- 
hind a  bend,  so  that  in  longer  straight  parts  of  the  piping 
a  greater  inequality  of  the  steam  could  be  expected. 

Other  Tests 

A  comprehensive  view  of  various  tests  made  of  single- 
cylinder  uoucondensing  engines  using  saturated  steam 
shows  an  important  saving  of  steam  through  jacketing. 
Even  with  large  engines  with  an  hourly  steam  consump- 
tion of  3000  to  6000  lb.  the  saving  still  amounts  to  10 
per  cent.;  with  the  smaller  ones  it  reaches  25  per  cent. 
or  more.  With  single-cylinder  condensing  engines  using 
saturated  steam  the  saving  within  equal  limits  is  about  the 
same  as  with  noncondensing  engines.  With  very  large 
engines  having  a  steam  consumption  of  over  8000  lb.  per 
hr.  the  saving  is  unimportant ;  a  test  made  while  consum- 
ing 9900  lb.  of  steam  per  hour  showing  a  saving  of  hardly 
3  per  cent. 

Compound-condensing  engines  operated  by  saturated 
steam  show  a  decrease  in  steam  consumption  through 
jacketing  of  30  per  cent,  in  smaller  sizes,  falling  to  5  per 
cent,  for  large  engines. 

Compound  engines  with  superheated  steam  show  an 
improvement  through  jacket  heating  of  at  most  15  per 
cent,  and  from  that  down  to  none.  Here  it  seems  that 
for  engines  with  a  total  steam  consumption  of  6600  lb. 
per  hr.,  or  11  lb.  per  hp.-hr,  and  a  heat  consumption  per 
horsepower-hour  of  13,888  B.t.u.  the  limit  of  effectiveness 
of  the  jacket  is  reached.  Again,  with  the  smaller  triple- 
expansion  engines  the  saving  varies  between  15  per  cent, 
and  nothing,  and  the  limit  of  usefulness  of  the  jacket  lies 
at  hourly  steam  and  heat  consumptions  per  horsepower 
of.  respectively,  12  lb.  and  14,285  B.t.u. 

Summary  and  Deductions 

Receiver  heating  by  means  of  the  u.sual  simple  jacket  is 
of  no  advantage ;  only  an  appreciable  superheating  of  the 
steam  in  the  receiver  can  be  productive  of  improvement  in 
the  utilization  of  the  steam,  and  only  then  to  a  small 
per  cent. 

Receiver  drainage  should  be  as  complete  as  possible. 


Within  narrow  limits  cylinder  jacketing  results  in  an 
improved  steam  consumption  under  the  following  general 
considerations:  With  saturated  steam  the  static  system  is 
to  be  preferred  to  the  fluent,  more  so  for  head  than  for 
jacket  heating,  of  which  ordinarily  both  should  be  used. 
The  saving  in  steam  through  jacketing  is  intimately  de- 
pendent on  the  economy  of  the  engine  in  steam  consump- 
tion; the  poorer  this  is  the  greater  the  saving.  It  is  also 
greater  for  single-cylinder  engines,  for  a  lesser  number 
of  revolutions,  and  for  small  engines  using  saturated 
steam.  For  more  economical  engines,  such  as  the  triple- 
expansion  type,  and  with  superheated  steam,  the  saving 
is  unimportant,  and  is  principally  at  the  shorter  cutoffs. 

The  limit  of  economy  for  jacket  heating  lies  approxi- 
mately at  a  heat  consumption  of  13,888  to  15,872  B.t.u. 
per  hp.-hr. 

To  jacket  a  cylinder  running  on  superheated  steam  of 
the  usual  temperature  of  527  deg.  or  more  is  mostly  super- 
fluous. Moreover,  a  good  jacket  effect  on  superheated 
steam  is  attainable  only  through  exceptional  constructive 
conditions. 

In  the  question  of  the  economy  of  jacket  heating  the 
steam  plant  must  be  considered  in  its  entirety.  In  plants 
where  the  water  of  condensation  is  forced  back  into  the 
boilers  while  the  exhaust  steam  remains  unutilized,  jacket- 
ing is  more  economical.  If  the  exhaust  is  used,  as  for 
heating  purposes,  etc.,  it  is  often  better  to  send  all  the 
steam  through  the  cylinders,  particularly  if  there  is  no 
means  for  utilization  of  the  condensate. 

Operated  with  saturated  steam  and  at  light  loads  it  is 
true  that  the  triple-expansion  engine  investigated  showed 
through  jacketing  an  improvement  in  steam  consumption 
of  about  5.5  per  cent. ;  still  with  increasing  duty  this  im- 
provement diminished.  At  small  overloads  the  consump- 
tion was  practically  the  same  with  and  without  jacketing; 
nor  was  there  any  difference  with  superheated  steam  at 
]iormal  load.  Of  the  individual  cylinder  heatings,  that  of 
the  low-pressure  cylinder  was  shown  to  be  effective. 

The  auxiliary  test  showed  that  with  reference  to  fric- 
tion a  maintained  constancy  of  effect  was  not  reached  be- 
fore two  or  more  hours  of  operation,  while  comparatively 
the  temperature  of  the  iron  masses  in  contact  with  the 
steam  was  rapidly  reached.  Preheating  or  "warming  up" 
of  engines  unprovided  with  jackets  is  satisfactorily  ac- 
complished by  direct  admission  of  steam  to  the  cylinders, 
and  by  this  means  the  inner  temperatures  rise  materially 
quicker  than  by  heating  through  the  jackets.  The  fixed 
steam  consumption  per  horsepower-hour  appeared  after 
three  hours  and  during  the  first  hour  was  only  about  6 
per  cent,  above  normal. 


In  a  certain  Eastern  school  building  complaint  was  made 
about  the  short  life  of  the  incandescent  lamps  furnished, 
many  globes  being  found  with  their  filaments  broken  and 
twisted  to  the  sides  of  the  glass.  The  lamps  themselves,  when 
tested  in  regular  life  racks,  showed  good  average  perfor- 
mances, so  that  a  service  test  was  finally  determined  upon  for 
the  purpose  of  studying  the  lamps  under  actual  working  con- 
ditions. 

In  twenty-six  days,  according  to  the  New  York  Electrical 
Testing  Laboratories,  fifty-six  lamps,  or  29  per  cent,  of  the 
total,  burned  out.  Thirteen  new  lamps  were  then  put  in  one 
of  the  fixtures,  and  after  being  dusted  in  the  regular  manner 
with  a  feather  duster,  current  was  turned  on  and  four  of 
the  lamps  immediately  burned  out.  Wiping  with  a  slightly 
dampened  cloth  was  substituted  for  the  cleaning  with  the 
feather  duster,  and  the  abnormal  breakage  at  once  ceased, 
indicating  that  the  trouble  was  caused  by  the  action  of 
static  charges  of  electricity  produced  by  the  feathers  rubbing 
on   the   glass   of  the   lamp. 
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The   Prat  System  of   Induced  Draft 


SYNOPSIS— The  Prat  system  is  distingiiislied  from  tin' 
ordinary  suction  system  in  that  the  blower  does  not  handle 
the  whole  volume  of  gas  hut  supplements  the  natural 
draft  by  induction.  By  this  means  a  smaller  fan  is  pos- 
sible and  better  regulation   is  claimed. 

The  following  is  au  extract  translated  from  a  pamphlet 
by  Louis  Prat,  of  Paris,  describing  the  Prat  system  of 
induced  draft.  Although,  as  yet,  practically  unknown  in 
this  country,  this  system  has  been  used  extensively  abroad. 
.  However,  a  similar  system  is  now  being  put  forward  u-' 
au  American  firm — Schutte  &  Koerting  Co.,  of  Philadel- 
phia.    The  pamphlet  says  in  part : 

The  only  logical  sohitioii  of  the  mechanical  draft  prob- 
lem is  the  fan  blower,  of  which  there  are  different  meth- 
ods of  application,  as  forced,  suction,  and  the  Prat  or  in- 
duced system.  It  is  wrong,  as  is  sometimes  done,  to  apply 
the  term  "induced"  to  the  suction  system.  The  Prai  is 
the  only  one  which  acts  by  induction ;  the  blower  not  par- 
ticipating directly  in  the  suction  produced. 

In  this  method  the  pressure  varies  from  point  to  point 
and  where  it  equals  that  of  the  atmosphere  it  is  custo- 
mary to  refer  to  it  as  "zero."  For  moderate  operation  the 
line  A  (Fig.  1)  shows  the  pressure  at  the  ashpit  and  the 


should  always  be  closed,  otherwise  the  fan  would  oper- 
ate without  useful  effect.  It  is  thus  necessary  to  pass 
the  total  volume  of  the  gases  through  the  fan,  hence  an 
enormous  bulk  for  the  latter.  If,  to  cut  down  the  cost, 
the  size  of  the  fan  be  restricted,  which  is  compulsory  in 
practice,  the  resistance  is  very  much  increased.  Not  only 
is  the  benefit  of  natural  draft  thus  lost  but  the  total  re- 
sistance of  the  circuit  is  increased  and  the  work  of  the 
fan  is  greatly  enhanced ;  first,  because  of  this  added  re- 
sistance and  second,  because  of  its  operating  through  too 
large  an  orifice. 

The  Prat  induced  draft  system  differs  fundamentally 
from  the  foregoing  suction  system.  The  damper,  no 
longer  necessary,  is  always  open ;  the  chimney  is  freely 
divergent  and.  the  resistance  being  but  little  affected,  a 
full  utilization  of  the  natural  draft  is  obtained  gratui- 
tously. 

In  addition  only  a  very  small  fraction  of  the  volume  of 
the  gases  is  passed  through  the  fan  to  give  it  an  adequate 
live  pressure — a  twofold  reason  for  a  fan  of  small  bulk. 
This  live  pressure  is  used  in  the  manner  of  the  impulse 


^""^■^       FI6.  1 

sub-atmosplieric,  or  negative,  pressure  at  the  damper.  If 
the  .service  be  iiuTeased  the  discharge  of  the  gases  will  lie 
in  obedience  to  the  (piadratic  law  and  the  pressures  will 
mount  considerably  as  iiulicated  by  the  line  B.  The 
capacity  of  the  ciiimiiey  for  negative  ])ressure  is  tlic  in- 
variable maximum  represented  by  the  |)oint  /.  and  if,  not- 
withstanding this,  it  be  desired  to  discharge  the  gases  at 
that  negative  ])ressure  it  will  be  necessary  to  consider- 
ably augment  the  positive  ])ressure  in  tiie  ashjjit.  Tiiis 
is  iiidicate<l  by  the  line  ('.  But  then  the  zero  pressure 
will  be  ilisjjlaced  from  A'  to  A'  and  the  furnace  will  be 
under  the  pressure  ./;  resulting  in  a  revulsion  of  smoke 
and,  if  tlie  furnace  door  be  opened  without  slnitting  olf 
the  air,  an  (uitburst  of  flame  will  result. 

The  only  mode  of  artificial  draft  suited  to  yield  I'litirc 
satisfaction  lor  all  conditions  of  combustidii,  no  matter 
iiow  forrcd,  is  that  based  on  suction  and  with  which 
method  there  is  jiractically  no  limit  to  the  negative  pres- 
sure furnished  at  the  chimney.  Rut  a  distinction 
.«hould  be  made  here  between  the  ordinary  suction  draft 
and  the   J'rat  system  of  induced  draft. 

With   the  direct  suction   draft    of   Fig.   2.   the  damper 
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jet  of  an  ejector  to  create  the  necessary  negative  pres- 
sure for  the  induction  of  the  gases;  whence  the  name 
"pressure  transformer"  given  to  the  Prat  chimney. 

In  effect  the  power  here  furnished  is  nothing  more  than 
a  simple  acceleration  of  the  natural  draft,  automatically 
variable  within  certain  limits,  and  the  fan  acting  on  the 
reduced  orifice,  can  lie  c-iioscn  to  suit  the  niiixinium  ser- 
vice. 

(-loncerning  the  limitations  of  thi'  dircrt  and  suction 
systems,  of  tlie  former  those  styled  comjiensated,  bal- 
anced, etc.,  are  in  fact  jiressure  drafts  and  include  the 
automatic  damjier  regulator.  These  .systems  have  as 
I  heir  guiding  principle  the  autonintic  mainteiuuiee  in  the 
fnrnnce  of  a  pressure  equal  In  that  ><(  the  a(m(is])liere, 
lliiis  reducing  the  leakage  of  air  intn  the  furnace.  In 
reality  the  funuice  is  not  at  zero  pressure  but  under  a 
slight  negative  pressiwc  which  increases  in  a  negative  di- 
rection uj)  to  the  dam|)er.  The  richer  the  coal  the  less 
it  is  possible  to  api)roach  the  zero  pressure  in  the  fur 
nace  fui  account  of  the  smoke  action  at  tlie  time  of  firing. 

'i'he  advantage  of  the  diminution  of  air  entrance  is  ac- 
quired  at    the  ff>st   nf  compliiiitions   including  an   auto- 
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matic  regulator  to  control  the  speed  of  the  fan  and  an 
automatic  regulator  to  control  the  draft. 

As  to  the  suction  system  it  avoids  the  comijlications  in- 
herent in  the  forced  or  balanced  systems  of  subgrate  air 
supply.  The  installation  is  simple,  the  losses  due  to  el- 
bows are  smaller  and  the  destruction  of  the  grates  dis- 
appears; but,  as  seen,  it  means  fans  of  abnormal  dimen- 
sions. For  a  battery  of  large  boilers,  as  in  a  central  sta- 
tion, it  would  be  practically  impossible,  and  to  avoid  this 
difBculty  a  fan  is  used  too  small  for  the  opening  through 
which  it  must  operate. 

The  general  arrangement  of  the  induced  system  des- 
ignated as  a  "pressure  transformer"  (Fig.  4)  includes  es- 
sentially a  metal  plate  stack  comparable  to  an  ejector  of 
which  C  is  the  converging  portion,  A  the  chamber  and  B 
the  diffuser.  The  negative  pressure  inducing  the  flow  of 
the  gases  is  created  by  a  fluid  impulser  furnished  by  a 
fan  blower  and  injected  into  the  chamber  by  the  nozzle 
D.  In  case  of  a  stoppage  of  the  fan  the  impulse  is  pro- 
duced by  an  emergency  steam  ejector  5'. 

This  fluid  impulser  can  be  either  the  cold  air  taken 
from  the  atmosphere  or  the  hot  gases  taken  from  the 
flues.  With  the  former  method,  called  "outer  circuit," 
(Fig.  4)  the  fan  is  entirely  outside  of  the  current  of 
gases  and  consequently  under  the  best  conditions  for  its 
maintenance  and  preservation.  In  all  cases  the  addition 
of  the  cold  air  lowers  the  temperature  of  the  gases  and 
the  degree  of  utilization  of  the  natural  draft  is  dimin- 
ished in  proportion  to  the  cooling. 

With  the  latter  method,  known  as  the  "inner  circuit" 
(Fig.  5)  the  fan  runs  in  the  heated  gases  as  in  the  ordi- 
nary suction  draft ;  but  the  injection  of  cold  air  is  done 
away  with  and  the  power  needed  becomes  extremely 
small. 

Mechanical  draft  has  often  been  criticized  as  having  a 
lesser  degree  of  certainty  than  chimney  draft,  as  failure 
of  its  operating  source  or  its  injury  will  cause  the  fan  to 
stop  and  almost  entirely  suppress  the  draft.  The  only 
safety  against  such  a  contingency  is  an  auxiliary  or 
emergency  fan ;  meaning  a  considerable  increase  in  the 
first  cost  of  installation  and  in  the  space  occupied. 

In  the  Prat  system  the  emergency  provision  is  repre- 
sented by  a  steam  jet  blower  as  shown  in  Figs.  4  and  5. 
Contrary  to  the  case  of  ejectors  used  for  blowing  beneath 
the  grates  it  is  here  permissible  to  select  such  dimensions 
as  will  promote  a  satisfactory  utilization  of  the  steam, 
of  which  the  consumption  for  this  auxiliary  draft  is  by  no 
means  great.  Furthermore,  the  operation  of  this  ejector 
in  conjunction  with  that  of  the  fan  permits  doubling 
the  draft,  a  matter  of  perhaps  great  utility  at  a  time  of 
unusual  demand  for  steam. 

It  often  happens  with  existing  plants  that  the  desire  is 
to  increase  the  draft  of  the  present  chimney.  The  Prat 
system  is  especially  adapted  to  such  cases,  its  small  bulk 
permitting  its  being  placed  inside  of  the  chimney,  and 
besides  there  is  retained  all  the  benefits  of  the  natural 
draft  due  to  the  height  of  the  chimney. 

In  conclusion  the  pamphlet  states  that  the  advantages 
of  mechanical  draft  are  less  and  less  disputed  as  its  appli- 
cation becomes  more  widespread.  The  principal  points 
in  its  favor  are  elasticity  of  production,  economical  com- 
bustion, rendered  easy  by  the  facility  of  regulation  of  the 
exact  amount  of  air  in  relation  to  the  combustible  used; 
and  variability  of  the  pressure  produced,  independent  of 
atmospheric  changes  and  boiler  operation. 


Coon  Creek  Rapids    Development 

Active  construction  of  the  water-power  development 
known  as  Coon  Creek  Rapids,  11  miles  northeast  of 
Minneapolis,  has  been  started  by  H.  M.  Byllesby  &  Co. 
It  will  have  an  initial  capacity  of  12,000  hp.  and  will 
furnish  additional  power  to  the  Minneapolis  and  St.  Paul 
properties. 

The  dam  is  being  built  under  a  permit  granted  by 
Act  of  Congress.  This  act  requires  that  the  construction 
and  operation  of  the  dam  are  to  be  carried  out  under 
the  supervision  of  government  engineers.  The  permit  is 
for  a  period  of  50  years. 

The  dam  will  consist  of  earth  embankment  with  core 
walls  600  ft.  long,  a  power  house  and  retaining  section 
470  ft.  long,  including  sluice  gates,  log  chute  and  fish- 
way;  and  a  spillway  section  1000  ft.  long,  making  the 
total  length  of  the  structure  2070  ft.  This  work  will 
involve  20,000  cu.ft.  of  earth  embankment  and  approxi- 
mately 45,000  cu.yd.  of  steel-reinforced  concrete. 

To  secure  a  suitable  and  safe  foundation,  there  will  be 
used  in  the  construction  approximately  8000  round 
wooden  piles,  driven  down  to  firm  foundation.  There 
will  also  be  used  1000  tons  of  interlocking  sheet-steel 
piling  in  lieu  of  a  cutoff  wall  for  retention  of  water  in 
the  reservoir  and  to  prevent  under-cutting  of  the  dam. 

For  the  greatest  possible  head  at  all  stages  of  river 
flow  and  to  prevent  excessive  flood  heights,  Tainter  gates 
will  regulate  the  water-level  in  the  reservoir.  Twenty- 
eight  of  these  steel  gates,  each  12,000  lb.  in  weight  and 
33  ft.  long,  will  be  erected  between  reinforeed-concrete 
piers  built  on  the  spillway  portion  of  the  dam.  The  fish- 
way,  designed  in  accordance  with  government  require- 
ments, will  provide  for  the  free  passage  of  fish  up  and 
down  stream,  and  the  log  sluice  will  have  a  convenient 
means  for  passing  logs  by  the  dam. 

The  first  installation  will  provide  for  12,000  hp.  with 
the  most  efficient  type  of  waterwheel  units  driving  enor- 
mous electrical  generators,  which  will  transmit  current 
to  Minneapclis  at  13,300  volts,  thus  tying  in  directly, 
without  transformers,  with  the  general  distribution  sys- 
tem of  the  Minneapolis  General  Electric  Co.  at  the  River- 
side steam  plant.  Tlie  transmission  line  for  conveying 
the  electric  current  to  Minneapolis  will  be  erected  part 
of  the  way  on  private  right-of-way  and  along  the  right- 
of-way  of  the  recently  completed  tracks  of  the  Minneapolis 
&  Northern  R.R. 

A  construction  camp  has  been  established  at  Coon  Creek 
Rapids,  and  a  camp  for  400  men  provided,  to  be  in- 
creased later  to  accommodate  800  to  1000  men  during  the 
spring  and  summer  months.  The  camp  is  equipped  with 
its  own  water-supply  and  sewage  system.  Following  mod- 
ern methoils,  a  hospital,  with  a  surgeon,  trained  nurses 
and  attendants,  will  be  in  operation  during  the  construc- 
tion. All  matters  in  relation  to  water  supply,  sanitation 
and  policing  of  the  camp  will  be  handled  in  the  same 
way  as  they  would  be  handled  for  a  modern  city.  The 
camp  will  be  electrically  lighted  throughout,  current  be- 
ing supplied  for  this  lighting  by  the  Minneapolis  Gen- 
eral Electric  Co.  Electric  current  will  also  be  used  for 
driving  a  considerable  portion  of  the  construction  plant. 

During  the  construction  of  the  dam  there  will  be  dis- 
tributed for  labor  and  commissary  supplies,  approximate- 
ly $600,000.  The  housing  and  feeding  of  the  construction 
men  are  in  themselves  an  enormous  undertaking. 
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Primer  of  Electricity 

By  Cecil  P.  Poole 

Field- JiAOXET  Cores 

Generally  the  polar  end  of  a  field-magiiet  core — that 
end  which  is  nearest  the  armature — is  enlarged,  as  repre- 
sented in  Fig.  140.  The  object  is  to  reduce  the  magnetic 
force  required  to  drive  the  flux  across  the  airgap.  Mag- 
net cores  are  usually  of  steel  and  to  economize  in  material 
the  cross-section  of  the  core  is  made  of  such  an  area  that 
the  magnetic  density  in  the  core  is  about  90,000  to  100,- 
000  lines  per  sq.in.  If  the  polar  end  of  the  core  were 
left  unenlarged,  as  in  Pig.  141,  the  density  in  the  airgap 


tield  winding  because  of  the  larger  girth  of  the  core  as 
compared  with  the  type  illustrated  in  Fig.  140.  More- 
over, this  form  of  core  usually  results  in  an  increase  in 
the  diameter  of  the  yoke  ring,  because  the  magnet  coil 
cannot  be  made  as  thick  (at  right  angles  with  the  length 
of  the  core)  as  when  the  smaller  core  is  used  and  it  must 
therefore  be  made  longer  to  get  enough  wire  in  it  to  pre- 
vent overheating. 

The  slotted  form  of  magnet  core  is  advantageous,  how- 
ever, in  preventing  great  distortion  of  the  airgap  flux  by 
armature  reaction,*  and  it  has  been  used  successfully  for 
that  purpose  by  a  few  builders.  When  so  used,  however, 
it  is  not  necessary  to  make  the  core  the  full  width  of 
the  airgap,  as  in  Fig.  143 ;  the  slot  is  made  very  narrow 


Fig.  140.   Moderx  ForR-POLE  Field 
Magnet 


Fig.  141.  Field  Magnet  without 

Polar  Extensions;  High 

Airgap  Density 


Fig.  142.  Field  Magnet  without 
Polar  Extensions;  Normal 
AiiiGAP  Density 


would  be  so  high  that  an  excessive    magnetizing    force 
would  be  required. 

For  example,  with  the  construction  shown  in  Fig.  141 
and  a  magnetic  density  in  the  core  of  90,000  lines  per 
sq.in.  of  cross-section,  the  density  in  the  airgap  would 
be  about  80,000  lines  per  sq.in.  With  this  density,  if  the 
airgaj)  were  i/4  in.  long,  it  would  require 

80,000  X  0.3133  X  Vi  =  6266 
ampere-turns  to  force  the  flux  across  the  airgap.  With 
polar  extensions,  as  in  Fig.  140,  the  area  of  the  airgap 
could  be  increased  enough  to  bring  the  magnetic  density 
down  to  about  50,000;  at  that  density  tbe  magnetizing 
force  required  to  drive  the  flux  across  would  ije  oidy 
five-eighths  of  626fi,  or  3817  ampere-turns. 

It  is  possible,  without  using  ])olar  extensions,  to  keep 
the  density  in  the  airgap  down  to  a  reasonable  figure  by 
making  the  magnet  cores  larger  than  necessary,  as  illus- 
trated in  Fig.  142,  where  the  airgap  area  is  the  same  as 
in  Fig.  1  10.  This  construction  is  used  in  some  small 
machines  built  with  cast-iron  magnets,  but  it  is  not  used 
in  machines  of  larger  size  because  f)f  the  waste  of  ma- 
terial and  increased  weight  entaileil.  In  some  cases  the 
weight  of  the  magnet  has  been  kept  down  by  slotting  the 
core  as  indicated  in  Fig.  143,  but  even  with  this  arrange- 
ment an  excessive  quantity  of  copper  must  be  used  in  tiie 


and  the  core  is  made  with  polar  extensions  somewhat  as 
in  Fig.  140,  except  in  one  instance  where  only  one  exten- 
sion is  used,  as  shown  in  Fig.  144.  This  is  a  very  spe- 
cial form  of  construction,  however,  and  scarcely  comes 
within   the  scope  of  general   elementary  discussion. 

Core  Cross-sectioxs 

Magnet  cores  arc  made  in  several  forms  as  to  cross- 
section,  and  even  though  the  student  may  never  have  oc- 
casion to  design  or  build  a  dynamo,  the  influence  of  dif- 
ferent forms  and  the  reasons  for  using  them  are  of  prac- 
tical interest. 

On  account  of  the  cost  of  cojipcr,  the  field-magnet  core 
is  usually  made  with  a  view  to  economizing  in  the  use 
of  magnet  wire,  even  though  some  increase  in  the  cost  of 
the  core  or  frame  may  be  entailed.  The  form  of  core 
cross-section  which  theoretically  should  be  used  to  obtain 
the  greatest  economy  in  wire  is  round  ;  the  form  which 
comes  next  in  line  is  octagonal  with  rounded  corners; 
next  oblong  with  roun<led  ends,  next  square,  and  so  on. 

Fig.  145  shows  the  relative  lengtlis  of  wire  necessary  to 
reach  once  around  different  ])ractical  forms  of  core,  all  of 
the  same  cross-sect icnl  area.     The  distances  around  the 

•The  effect  of  jirmaturp  ri'artlon  upon  the  airgap  flux  was 
briefly  ri'feriffl  to  in  one  of  Iii.rI  year's  Primer  lessons.  It 
will   be  explained   fully  In  a  future  lesson. 
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outside  of  the  cores  are  expressed  in  percentages  to  afford 
easy  comparison.  The  circle  is  put  at  100  per  cent,  be- 
cause it  has  the  smallest  girth.  The  figures  indicate  that 
a  square  core  requires  about  one-eighth  more  wire  to  '"sur- 
round'" it  than  a  circular  one,  and  a  2-to-l  rectangular 
core  nearly  one-fifth  more.  But  this  does  not  mean  that 
the  quantity  of  wire  required  in  the  complete  coil  is  one- 
eighth  and  one-fifth  greater,  respectively.  When  the 
girth  of  the  coil  is  large,  its  length  parallel  with  the 
core  can  be  made  smaller,  in  most  cases.  This  point  will 
be  discussed  fully  in  a  later  article  on  windings. 

The  shape  of  a  magnet-core  cross-section  is  largely  de- 
termined  by  the   material   of  wh'ch   the   core  is  made. 


the  piece  P  is  usually  termed  the  "poleshoe."  The  joint 
J  between  it  and  the  core  generally  is  a  circular  arc.  be- 
cause it  is  easier  to  bore  the  ends  of  the  cores  to  a  circle 
than  to  finish  them  flat.  The  thickness  of  the  curved 
line  J,  indicating  the  joint,  is  exaggerated  purposely,  to 
emphasize  the  location  of  the  joint. 

Often  the  magnet  cores  are  built  up  of  thin  sheets  of 
steel  or  iron  ('"laminated")  of  a  form  about  like  that 
shown  in  Fig.  1-18,  the  thin  sheets  being  held  between  two 
heavy  cheek  plates  as  indicated  at  the  right.  The  chief 
object  in  using  this  construction  is  to  avoid  inducing 
eddy  currents  in  the  face  of  the  pole — exactly  the  same 
reason  for  which  armature  cores  are  laminated.     Eefer- 


Fig.  144.   Core  Slotted  to  Prevent 
Field  Distortion 


Fig. 


147.    Magnet  Core  Integral 
WITH  Yoke 


Fig.  143.  Magnet  Cores  Slotted 
TO  Reduce  Weight 


Fig.  146. 


Magnet  Core  Bolted 
TO  Yoke 


Fig.  148.  Laminated  Magnet 
Core 


When  cast  iron  is  used  the  cross-sectional  area  must  be 
nearly  twice  as  great  as  when  steel  is  used,  because  the 
magnetic  density  in  cast  iron  cannot  be  carried  much 
above  one-half  of  the  density  in  steel,  which  requires 
about  the  .same  excitation  in  the  field  winding.  For  this 
reason  it  is  important  to  make  the  girth  as  small  as  pos- 
sible for  a  given  cross-section.  Therefore,  a  cast-iron 
core  should  logically  be  made  with  a  circular  cross-sec- 
tion if  possible.  When  steel  is  used,  the  form  of  the 
cross-section  is  not  so  important  so  far  as  economy  of 
field-magnet  wire  is  concerned  and  the  shape  is  deter- 
mined more  by  the  method  of  constructing  the  magnet 
than  am"thing  else. 


ence  to  the  lesson  on  this  subject*  is  advisable.  Another 
reason  for  using  laminated  magnet  cores  is  that  thin 
pieces  of  iron  or  steel  become  magnetized  and  demagne- 
tized more  quickly  than  thick  pieces,  and  a  laminated 
core  will  therefore  respond  to  changes  in  field  excitation 
more  quickly  than  a  solid  core  will.  Some  small  ma- 
chines are  built  with  the  entire  field  magnet  laminated. 
The  reason,  however,  is  not  a  technical  one :  the  main  ob- 
ject is  economy  in  manufacture. 

When  the  yoke  ring  of  a  machine  is  of  cast  iron  and 
the  magnet  cores  of  steel  or  wrought  iron,  the  form  of 
construction  shown  by  Fig.  146  is  not  advisable.  The 
flux  density  in  the  magnet  core  is  mttch  higher,  as  a 


Rounded  Oc+agon 
10?  J- % 


Squore  n2|% 


Rectangle,  2  to 


Fig.  145.   Relative  Girths  of  Magnet  Cores  Having  Equal  Cross-sections  of  Different  Proportions 


Figs.  146  and  147  illustrate  the  two  methods  of  ""mak- 
ing up"  field  magnets  which  are  most  used.  On  account 
of  the  usual  necessitj'  of  enlarging  the  end  of  the  core 
nearest  the  armature,  the  core  must  be  made  removable 
from  the  yoke  to  get  the  magnet  coil  on  it,  or  else  the  en- 
larged end  must  be  removable  from  the  main  part  of 
the  core.  Fig.  146  illustrates  the  former  construction, 
the  hea\y  line  J  indicating  the  joint  between  the  core 
and  the  yoke;  the  enlarged  portion  P  is  made  in  one 
piece  with  the  core  proper.  Fig.  147  illustrates  the  other 
construction,  in  which  the  enlarged  part  P  is  attached 
to  the  core  C  along  the  line  J.     With  this  construction 


rule,  than  cast  iron  can  be  worked  economically,  and  the 
excitation  required  to  force  the  flux  into  the  cast-iron 
face  at  the  joint  J  woidd  be  too  great  to  be  practical. 
In  such  cases,  to  avoid  excessive  densities  in  the  cast  iron 
at  and  near  the  joint,  the  method  of  construction  most 
used  is  to  cast  the  yoke  around  the  ends  of  the  magnet 
cores.  Fig.  149  illustrates  such  construction.  The  "heel" 
of  the  magnet  core  is  grooved  and  the  cast  iron  flows  into 
the  grooves  and  holds  the  core  tightly  in  place.  The 
grooving  also  serves  to  increase  the  area  of  contact  be- 
tween the  cast  iron  and  the  steel  and  thereby  reduce  the 


•Power  for  Apr.   19.   1910. 
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n.-istaiux'  to  the  pai^sage  of  magnetic  flux  between  the 
Iwi)  metals.  (This  magnetic  resistance  is  called  "Teluc- 
l:illco"'.) 

fasting  the  yoke  metal  around  the  ends  of  the  mag- 
net cores  is  not  easily  done  satisfactorily.  The  flow  of 
the  molten  iron  almost  invariably  shifts  the  magnet  core 
in  the  sand  mold,  and  sometimes  the  hot  iron  is  ch''!Jed 
by  the  cooler  steel  to  such  a  degree  as  to  cause  it  to 
shrink  and  leave  an  imperfect  contact.  To  avoid  this 
method  of  construction  and  still  retain  the  iron  yoke  a^d 
steel  cores,  machines  have  been  built  on  the  principles 
illustrated  by  Figs.   150  and   151. 

Fig.  150  shows  a  wrought-iron  or  steel  plate  ^'  in- 
serted between  tb     licci  of  the  core  and  the  voke.     This 


Fig.  \4'J.  1i;on  Yokk  Cask  akoixd 
Steel  Magxet  Cuuh 


Fig.  150.  Ixseuted  Flux- 
sPUEAnixG   Plate 


151.  Coiii:  WITH  Exi'endi:d 
Hei;l  ami  JiiaiovAiiEF. 
Poi.iosiioi; 

serves  to  give  the  flux  a  path  of  \(>w  r-jliicianie  through 
which  to  "sjiread"  in  its  passage  beiwi'cii  the  core  aiid 
the  yoke.  The  construction  in  Fig.  151  does  the  same 
tiling,  but  the  sjireading  phite  is  in  one  j>it(0  with  ^.!ie 
magnet  core,  and  the  core  is  therefore  providc-d  with  a 
removable  poleshoe.  Both  of  tliese  methods  lia'c  |.ny\il 
ratiier  expensive  in  manufacture  and  for  '.ha  reascn 
neither  has  come  into  general  use. 


Switchboard  Losses 

The  article  in  the  Feb.  2')  issue  mi  "Improving  the 
Conductivity  of  .loiuts."  leads  nic  to  write  on  a  matter 
vwy  similar   in   character. 

There  are  a|i]iarcnlly  few  engineers  fir  designers  of 
power  plantsi,  particularly  among  the  small  ones,  who 
consider  the  value  of  high-grade  instruments,  especially 
with  reference  to  the  use  of  voltmeters  requiring  a  very 
small    current  :    ammeters    whose    moving    roils    are    op- 


erated by  a  very  small  current,  or  whose  shunts  have 
a  very  low  resistance;  switches  of  sufficient  capacity  in 
the  blades  as  well  as  sufficient  contact  area  in  joints  and 
jaws  to  give  a  low  drop ;  and  circuit-breakers  designed  un- 
der similar  conditions. 

In  a  power  plant  having  a  large  number  of  these  de- 
vices, the  loss  due  to  the  foregoing  causes  can  amount 
to  a  very  large  sum  of  money,  far  more  than  paying  the 
difference  in  cost  between  good  and  bad  installation.  This 
condition  of  affairs  is  usually  far  more  serious  than  the 
loss  of  power  over  joints.  For  instance,  if  a  voltmeter 
on  a  550-volt  circuit,  requires  0.2  amp.  to  give  it  full 
scale  reading  and  it  is  iu  use  continuously,  the  loss  per 
year,  based  on  power  at  2c.  per  kw.-hr.,  would  be  $19.44 ; 
whereas  with  a  voltmeter  requiring  only  0.01  amp.,  the 
loss  would  be  97.2c.,  showing  a  yearly  loss  of  the  former 
over  the  latter  of  $18.46,  or  representing  an  investment 
value  of  $307.40  based  on  interest  at  6  per  cent.  This 
shows  very  conclusively  that  the  difference  in  the  cost  of 
the  two  instruments  would  be  more  than  made  up  by  the 
power  saved. 

Consider  a  shunt  of  10,000  amp.,  having  a  drop  of  50 
millivolts,  and  another  one  of  80  millivolts.  The  loss  iu 
the  first  ea.se  with  power  at  Ic.  per  kw.-hr.  would  amount 
to  $43.80.  In  the  second  case  it  would  amount  to  $70.08, 
a  difference  of  $26.28,  representing  an  investment  value 
of  $438.  This,  of  course,  is  on  the  basis  of  the  instru- 
ments being  operated  at  full  capacity  continously.  If 
the  average  load  is  one-half  this,  the  investment  value 
would  represent  $219,  which  would  more  than  pay  the 
difference  in  the  cost  of  the  two  types  of  instrument  and 
shunt. 

It  is  not  uncommon  for  power  plants,  hav- 
ing increased  their  capacity,  to  changes  the  ca- 
pacity of  the  ammeters  by  inserting  additional  resistance 
in  the  moving  coil  circuits,  in  order  to  increase  the 
rniige  of  the  shunt.  In  one  plant  where  this  was  done, 
the  range  was  changed  from  60  to  122  millivolts.  The 
loss  with  power  at  Ic.  per  kw.-hr.  was  $160.80  per  year, 
representing  an  investment  cost  of  $2680.  The  cost  of 
rejilacing  the  shunt  would  not  have  been  more  than  $300, 
including  labor,  showing  a  saving  of  $142.80  per  year. 

The  same  method  of  figuring  might  be  carried  through 
switches  and  ciri'uit-breakcrs  to  advantage.  Of  course, 
the  value  of  dding  this  depends  largely  upon  tlie  cost  of 

power. 

'I'hc  sMiiie  iMiiiditKin  might  readily  occur  in  connection 
with  uii-ing.  It  is  i'rc<|ucntly  possible  to  lay  out  wiring 
uhei-e  the  ili'op  niav  not  be  sulficient  to  cause  any  dilli- 
cullv  in  the  (iperatidn  of  lain]is  or  inotors;  lint  this  is 
not  the  only  thing  to  lie  liKikcd  out  I'or.  If  the  loss  over 
these  wires  is  tignred,  it  will  many  times  be  found  ad- 
visable to  install  more  wire  than  enough  to  allow  ojierat- 
ing  v<iltage,  as  the  interest  on  the  increased  cost  of  the 
wire  will  be  less  than  the  cost  of  the  power  saved  by 
the  smaller  wire. 

Henry  D.  Jackson. 

Host  on.  Mass. 

:•: 

A  20.000-kw..  13.2«0-volt,  6(i-c.vclc  Westlnghousfi  turbo- 
penorator  is  to  be  Installed  at  the  Marlon  plant  of  the  rubllc 
Service  Co.  of  New  Jersey.  A  still  larger  unit  Is  being-  built 
b.v  the  same  manufacturers  for  the  United  Electric  Light  & 
Power  Co.  of  New  York.  This  is  a  22.200-kw..  11, 000- volt, 
25-cyele    machine. 
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Producer  Gas  in  Heating   Furnaces 

By  Evekakd  Bhotvx 

One  of  the  principal  advaiitages  in  the  use  of  natural 
or  artificial  gas  is  that  both  can  be  burned  in  either  re- 
generative or  recuperative  furnaces.  This  permits  a  fur- 
nace being  so  designed  as  to  obtain  comparatively  low 
temperatures  of  the  waste  gases. 

Xatural  gas,  in  locations  where  nature  has  provided  it 
in  sufficient  quantities  for  manufacturing  purposes,  is,  of 
course,  preferable  to  the  artificial  or  producer  gas  because 
it  can  be  transported  long  distances,  worked  under  pres- 
sure and,  being  cleaner,  can  be  burned  much  more  effi- 
ciently. Its  use  also  eliminates  all  of  the  labor  costs  and 
troubles  incident  to  the  manufacture  of  producer  gas,  al- 
though the  importance  of  this  factor  depends  entirely 
upon  the  comparison  between  the  cost  of  the  one  and  the 
cost  of  manufacture  of  the  other.  As  for  burning  coal 
either  regeneratively  or  recuperatively,  experience  has 
demonstrated  that  it  cannot  be  done  successfully,  at  least 
with  the  present-day  equipment.  The  chief  obstacle  m 
the  use  of  coal  for  this  purpose  is  that  the  checker-work 
in  the  regenerative  chambers  and  the  flues  soon  clog  with 
heat.  Another  difficulty  is  that  the  grate  bars  burn  out 
quickly,  particularly  with  the  introduction  of  a  hot  blast. 

Considerable  heat  is  lost  in  the  transformation  of  coal  in- 
to gas,  nevertheless  this  loss  is  amply  compensated  for  by 
the  use  of  regenerative  chambers  as  compared  with  burn- 
ing coal  direct  m  an  ordinary  furnace.  For  instance,  as- 
sume that  a  pound  of  coal  contains  13,500  B.t.u.  In 
transforming  this  coal  into  producer  gas  there  is  loss  of 
about  20  per  cent,  in  gasifying,  heat  carried  away  in  the 
ashes,  radiation  losses,  etc.  There  is  available,  therefore, 
about  10,300  B.t.u.  for  heating  purposes.  But,  owing 
to  radiation  and  other  losses  in  the  furnace  consuming 
the  gas,  this  available  amount  is  further  reduced  to  about 
9200  effective  heat  units.  In  burning  this  pound  of  coal 
direct  in  a  furnace  there  would  be  practically  the  same 
losses  that  occur  in  the  gasifying  process,  so  that  by  the 
direct-firing  method  there  would  be  1100  heat  units — the 
difference  between  10,300  and  9200 — more  put  into  the 
furnace  than  by  the  other  method.  To  offset  this  differ- 
ence in  favor  of  the  coal,  however,  it  must  be  rememlaered 
that  the  gas  can  be  well  and  thoroughly  mixed  with  air, 
thus  resulting  in  more  perfect  combustion.  The  net  re- 
sult is,  therefore,  that  the  two  methods  are  very  evenly 
balanced  as  far  as  the  actual  input  of  heat  into  the  fur- 
nace is  concerned. 

It  is  apparent,  then,  that  any  great  advantage  to  be 
found  in  the  use  of  producer  gas  must  be  looked  for  in 
the  furnace  itself.  In  the  case  of  a  regenerative  furnace, 
general  practice  has  shown  that  approximately  20  to  25 
per  cent,  of  the  original  heat  value  in  the  coal  gasified 
goes  into  the  material  to  be  heated  in  the  furnace.  On 
the  other  hand,  where  the  coal  is  fired  direct  into  an 
ordinary  furnace  which,  consequently,  cannot  have  re- 
generators, the  stack  temperatures  are  exceedingly  high 


so  that  the  etficieiic}^  of  the  furnace  is  generally  not  more 
than  10  per  cent.  That  is,  it  will  require  about  2  lb.  of 
coal  fired  direct  to  attain  the  same  results  as  with  one 
pound  consumed  as  gas.  If  coal  is  worth  $1.50  per  ton 
and  the  expense  of  firing  it  directly  into  the  furnace  is 
equal  to  that  of  making  producer  gas  and  assumed  to  be 
25e.  per  ton,  then  the  producer-gas  method  of  firing  would 
result  in  a  net  saving  over  the  direct-firing  method  of 
$1.75  per  every  ton  consumed. 

In  this  connection,  however,  it  must  be  remembered 
that  the  use  of  producer  gas  in  preference  to  the  direct 
firing  of  coal  will  show  an  appreciable  advantage  and  gain 
in  economy  only  in  such  furnaces  as  will  give  relatively 
low  stack  temperatures.  For  example,  in  a  long,  con- 
tinuous heating  furnace  where  a  stack  temperature  in  the 
neighborhood  of  600  deg.  can  be  had,  the  economy  in 
using  producer  gas  is  rather  doubtful.  It  is  also  well 
known  that  for  firing  boilers  producer  gas  does  not  give 
nearly  as  high  efficiencies  as  are  obtained  with  coal. 

One  of  the  greatest  factors  in  the  successful  operation 
iif  a  gas-producer  plant  is  the  proper  kind  of  equipment. 
For  example;  a  water-sealed  producer  with  a  revolving 
grate  will  gasify  probably  10  per  cent,  more  coal  per 
square  foot  of  grate  area  than  that  with  a  stationary 
grate;  due  largely  to  the  time  lost  in  suspending  opera- 
tions every  time  the  stationary  grate  is  cleaned.  Fur- 
thermore, there  is  some  gain  in  the  water  seal,  because 
the  heat  in  the  ashes,  which  would  otherwise  be  dissi- 
jiated,  generates  some  steam,  which  helps  to  keep  the  fire 
m  a  better  condition.  There  appears  to  be,  however 
some  difference  of  opinion  as  to  the  capacity  of  the  water- 
sealed  producer  compared  with  the  ordinary  grate  type 

The  cost  of  repairs  and  maintenance  incident  to  the 
manufacture  and  burning  of  producer  gas  should  not  be 
a  serious  consideration.  Ordinarily,  this  item  should  be 
no  higher  than  for  the  ordinary  coal-fired  furnace,  as  the 
temperatures  m  the  producer  are  rarely  as  high  as  in  a 
furnace. 

The  question  of  coal,  however,  is  quite  important.  The 
best  results  are  usually  obtained  with  a  coal  containing  a 
high  percentage  of  volatile  matter,  but  low  in  ash  and  oi 
such  a  composition  that  it  will  not  fuse  and  clinker  badly 
The  best  depths  for  the  fuel  bed  are  given  from  2i/2  tc 
7  ft. 

All  pipes,  flues  and  connections  should  be  amply  large 
In  the  first  place,  small  ones  quickly  choke  with  soot,  anc 
a  higher  pressure  is  required  to  force  the  gas  througl 
them.  Secondly,  with  ample  sized  pipes  and  flues  then 
is  proportionately  less  radiation.  It  might  be  argued  tha 
the  condensation  of  the  gas  would  be  reduced  by  usinj 
smaller  flues  and  pipes  because  of  the  higher  velocity  o 
the  gas  through  them,  yet,  on  the  other  hand,  the  tern, 
perature  losses  would  be  proportionately  greater,  whid 
would  probably  cause  even  greater  condensation. 

About  the  maximum  distance  that  jjroducer  gas  can  h 
successfully  carried  is  400  ft.  The  question  then  arise, 
whether  it  is  better  to  have  the  producers  in  groups  whe; 
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serving  several  detached  furnaces  or  to  liave  single  pro- 
ducers adjoining  the  furnaces.  In  the  first  case  coal-  and 
ash-handling  machinery  can  be  installed  which  will  lower 
the  labor  cost  considerably.  It  is  also  true  that  a  better 
and  more  uniform  gas  is  obtained.  The  disadvantages 
of  such  an  arrangement,  on  the  other  hand,  are  radiation 
losses,  leaks  that  are  more  apt  to  develop  in  a  long  line 
than  a  short  one,  and  the  burning  of  the  gas  in  the  pro- 
ducers. A  little  figuring,  however,  will  show  that  it  re- 
quires a  much  greater  loss,  due  to  radiation,  leaks,  etc., 
than  occurs  in  ordinary  i>ractice  to  offset  the  gain  in 
labor  saving  by  grouping  the  units. 

As  to  the  amount  of  steam  required  to  operate  gas 
producers,  there  is  but  little  authentic  data  and  no  gen- 
eral rule  can  be  given.  The  character  of  the  coal  used 
has  much  to  do  with  this  question  as  more  steam  is  needed 
for  coal  which  clinkers  badly  than  for  that  which  does 
not.  The  size  of  the  gas  mains  and  the  capacity  at  which 
the  producers  are  worked  are  also  determining  factors. 
In  a  general  way,  however,  it  may  be  stated  that  under 
ordinary  conditions  not  more  than  from  2  to  5  per  cent, 
of  the  heat  units  in  the  coal  are  needed  to  generate  suffi- 
cient steam.  As  some  of  this  heat  is  returned  to  the 
producer,  the  actual  loss  is  less.  If  possible,  the  steam 
used  should  be  superheated  to  prevent  condensation  and 
moisture  for,  if  wet  steam  is  introduced,  a  chilling  action 
might  result  from  reevaporation.  It  has  also  been  found 
that  a  hot  blast  gives  better  results  than  a  cold  one.  The 
pressure  at  which  a  producer  is  blown  usually  ranges  from 
30  to  -10  lb.  per  sq.in. 

One  of  the  worst  troubles  in  connection  with  gas-pro- 
ducer operation  is  the  nonuniformity  of  the  gas.  Very 
often  this  is  the  result  of  poor  attention  and  could  be 
remedied  by  a  little  extra  watchfulness  to  see  that  the 
fires  are  kept  level  and  free  from  holes,  that  the  coal  is 
fed  at  proper  intervals,  that  the  necessary  poking  is  done, 
and  that  the  proper  amount  of  steam  is  introduced,  etc. 
There  also  seems  to  be  universal  trouble  in  securing  good 
men  for  this  class  of  work  which  really  requires  as  much, 
if  not  more,  skill  than  firing  boilers. 

To  eliminate  as  many  of  the  troubles  as  possible  re- 
sulting from  the  improper  handling  of  producers,  there 
are  now  several  types  on  the  market  having  more  or  less 
automatic  attachments.  However,  an  expert  fireman  can 
probably  get  better  results  than  can  bo  obtained  through 
the  use  of  any  automatic  device.  Experiments  with  water- 
cooled,  automatic  pokers  and  automatic-feeding  devices 
have  brought  about  considerable  improvement,  as  has 
also  the  principle  of  rotating  either  the  whole  or  a  part 
of  the  producer  itself.  The  charging  of  coal  through 
chutes  from  overhead  bins,  on  the  contrary,  is  an  im- 
jirovement  of  doubtful  value  as  this  practice  allows  the 
coal  to  come  down  with  a  rush,  making  it  difficult  to 
properly  regulate  the  quantity  charged.  This  is  par- 
ticularly true  with  run-of-mine  coal.  If  the  coal  were 
(rushed  to  a  uniform  size  and  the  slack  .screened  out,  the 
results  would  no  doubt  be  much  better  in  this  respect. 

A  15,000-hp.  Pelton  wheol.  believed  to  be  the  largest  unit 
of  the  type  In  Europe.  Is  being  Installed  In  the  LOntsch 
hydro-ele'tric  power  station  on  the  Klonthaleraee  near 
Glarus.  The  present  Installation  consists  of  six  BSno-hp.  Pel- 
ton  wheels,  directly  connected  to  their  respective  generators. 
The  new  unit  wHI  increase  the  capacity  of  the  station  from 
39.000  to  54.000  hp..  making  It  the  larerest  in  Switzerland.  The 
new  turbine  will  he  constructed  by  Theodor  lieU  &  Co..  of 
Krlens.  and  the  electrical  equipment  by  Brown,  Boverl  & 
Co.,    of    Baden. — "Engineering    Record." 


Largest  Diesel  Engines  in  This  Country 

Phelps,  Dodge  &  Co.,  Xew  York,  have  recently  pur- 
chased two  1000-hp.,  two-stroke-cycle,  four-cylinder  Car- 
els-Diesel  engines  for  installation  in  one  of  their  Arizona 
mining  properties. 

Special  interest  centers  about  these  engines  in  that 
they  are  the  largest  of  the  Diesel  type  to  be  erected  in 
this  country.  They  will  be  direct-connected  to  60-cycle 
alternators  to  operate  in  parallel,  and  are  guaranteed  to 
deliver  1000  hp.  at  an  elevation  of  6500  ft.,  using  not 
more  than  0.48  lb.  of  oil  per  b.hp.-hr.  A  number  of  sim- 
ilar engines  are  now  in  use  for  central-station  service 
in  Brussels,  Paris  and  Bucharest. 


Igniters  for  Oil  Engines 

Oscar  P.  Ostergren,  in  his  article  on  "Classification 
of  Oil  Engines,"  Feb.  11  issue,  referring  to  the  Hornsby 
type  of  bulb  igniters  for  oil  engines,  says:  "The  prin- 
ciple represented  in  Figs.  4  and  5  is  extremely  simple." 
He  follows  this  statement  by  a  very  brief  description  of 
the  action  of  such  an  igniter.  This  apparatus,  although 
very  simple  in  construction,  seems  to  me  to  be  very  com- 
plicated in  principle. 

For  proper.! ignition,  it  is  necessary  to  bring  a  correct- 
ly proportioned  mixture  in  contact  with  the  walls  of  the 
hulb  for  sufficient  time  and  at  the  right  time  to  raise 
a  part  of  it  to  the  ignition  temperature.  The  bulb  is 
heated  by  a  torch  for  starting  and  by  the  heat  of  com- 
Ijustion  of  the  oil  while  the  engine  is  running.  The  oil 
is  injected  into  the  bulb  during  the  latter  part  of  the 
suction  stroke  in  the  form  of  a  solid  stream  which  im- 
pinges against  the  side  of  the  hot  bulb.  Some  of  it  is 
vajJorizcd  immediati'ly,  and  some  (jf  it  later  by  the  heat 


Cylinder 


>?,\VVsVS\\'nS\\^\\V\\\\\\VJ 


'^xAv^v-vvvsV^vvsV^??:^ 


Skctiox   Tiii;orr;ii    Iiiniiiox    ]'>ri,n 

of  the  Imlb.  Tlic  bulli  now  contains  oil  xapoi'  (and  jios- 
sibly  some  uuvaporized  oil)  and  i)roducts  of  combustion 
from  the  previous  explosion.  Coml)ustiou  does  not  oc- 
cur at  this  point  because  there  is  no  air  to  support  it. 
As  the  compression  stroke  starts,  air  is  forced  from 
Ihe  cylinder  into  the  bulb.  The  manner  in  which  tliis 
iiir  nitors  cau.ses  currents  to  bo  set  up  in  the  mixture 
in  tlie  direction  shown  by  the  arrows  in  the  sketch.  Due 
to  the  variation  of  the  pi.ston  velocity  these  currents  are 
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slow  moving  at  the  beginning  of  the  compression  stroke, 
rapid  at  the  middle  of  the  stroke,  and  slow  again  at  the 
end.  Toward  the  middle  of  the  stroke  there  may  be 
enough  air  in  the  bulb  to  make  an  explosive  mixture, 
but  these  currents  are  then  moving  with  such  a  high 
velocity  that  no  one  portion  of  the  mixture  comes  in 
contact  with  the  hot  walls  of  the  bulb  long  enough  to 
be  heated  to  the  ignition  temperature.  As  the  piston 
iipproaches  the  end  of  the  .«troke.  the  circulation  slows 
down,  and  when  the  combined  heating  actions  of  the  hot 
l)ulb  and  compression  bring  any  part  of  the  mixture  to 
tlie  ignition  temperature,  an  explosion  occurs.  A  portion  of 
the  bulb  is  covered  by  a  jacket  space,  and,  therefore,  by 
varying  the  cooling-water  temperature  (or  when  design- 
ing", the  amount  of  jacket  space  at  this  point)  it  is  pos- 
sible to  vary  the  temperature  of  the  bulb  and  conse- 
quently the  timing  of  ignition.  Thus  with  proper  care 
in  operation  and  design,  the  "danger  of  premature  igni- 
tion" should  be  very  small. 

Wll.l.lAM    ,1.    Demokest. 

Xe>v  York  City. 

Exhaust   Muffler 

The  temporary  exhaust  pipe  from  the  first  big  gas  en- 
gine installed  in  the  power  house  of  the  Ford  Motor  Co., 
at  Detroit,  was  a  simple  straight  run  of  14-in.  pipe  ex- 
tending vertically  along  the  outside  wall  of  the  power 
house.  While  the  noise  from  the  exhaust  was  not  ex- 
cessive, it  was  found  to  be  somewhat  objectionable,  and  a 
muffler  was  fitted  to  the  end  of  this  pipe,  built  as  shown 
in  the  accompanying  sketch. 

This  muffler  is  simply  a  large  size  of  exactly  the  same 
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type  as  is  used  on  the  Ford  cars  and  was  found  to  be  ex- 
tremely efficient.  The  noise  from  the  exhaust  is  scarcely 
audible  on  the  ground  just  outside  the  power  house. 

This  muffler  can  easily  be  built  of  various  sizes  of 
ordinary  pipe.  The  labor  cost  is  low  and  the  result  is 
extremely  satisfactory. 

L.    L.    Brewster. 

Xew  York  City. 

Test  of  Producer  Plant 

Eeferring  to  the  article  under  the  above  caption  in  the 
Feb.  4  issue,  I  recognize  the  plant  in  question  as  the  one 
in  which  T  was  night  engineer  for  over  a  year.  I  was 
disappointed  at  not  getting  a  fuller  report  of  the  test 
and  would  ask  Mr.  Brewster  to  state  more  of  the  operat- 
ing conditions.  What  are  the  average  and  the  peak  loads? 
How  much  of  the  normal  capacity  of  the  three  lOO-kv.-a. 
units  is  utilized?  Also,  how  much  power  is  supplied  to 
the  factory  by  the  central  station  and  how  much  does 
this  cost?     Furthermore,  he  does  not  state  the  cost  per 


kilowatt-hour,  the  cost  of  maintenance,  nor  why  the  own- 
ers wanted  the  test  made. 

Mr.  Brewster  says  there  was  no  tar  found  in  the  gas. 
Can  he  tell  us  what  that  black,  gummy  substance  is  that 
plugs  up  the  rotary  exhaust  scrubbers,  heavily  coats  the 
inlet  valves  and  manifold  and  rolls  up  in  the  form  of  a 
ball  in  the  ends  of  the  inlet  manifold  ?  I  should  also  like 
to  know  whether  he  discovered  the  cause  of  the  rapid 
corrosion  (or  whatever  it  is)  of  the  valves,  especially  the 
inlet  valves,  which  requires  them  to  be  cleaned  and 
ground  about  every  two  weeks. 

I  have  some  very  interesting  data  on  this  plant,  which 
would  indicate  why  the  owners  wanted  a  test  made  and 
also  why  the  central  station  frequently  gets  in  where  it 
has  no  business  to  be.  but  I  would  like  to  hear  from  the 
author  of  the  article  first. 

An  average  of  3.08  lb.  of  fuel  per  kw.-hr.  looks  rather 
high  for  a  ''thoroughly  modern  plant"  operated  by  a 
"crew  well  above  the  average."  Our  plant  is  not  nearly 
so  large  nor  so  thoroughly  modern  and  our  standby  is 
109  hr.  of  the  168  hr.  per  week;  yet,  our  coal  consump- 
tion ( Lykeus  Valley  pea)  is  slightly  less  than  2  lb.  per 
kw.-hr. 

L.    L.    DOCTHAT. 

Jersey  City,  N.  J. 

Steam  in  Producer  Room 

While  in  charge  of  several  pressure  gas  producers,  con- 
siderable trouble  was  experienced  with  steam  arising  from 
the  surface  of  the  water  in  the  top  of  the  producer.  One 
very  cold  morning,  when  entering  the  producer  room,  I 
could  hardly  see  the  men  because  of  steam,  which,  to- 
gether with  the  gas  coming  from  the  poke  holes  while 
working  the  fuel  bed,  made  it  very  hard  for  the  men 
to  keep  from  being  overcome. 

I  conceived  the  idea  that  if  a  film  of  oil  could  be  kept 
on  the  surface  of  this  water,  the  trouble  might  be  less- 
ened. Therefore,  I  cut  a  piece  of  tin  and  formed  it 
around  the  overflow  in  such  a  manner  that  the  water 
going  to  the  overflow  would  have  to  pass  under  this  tin 
while  the  oil  would  not.  By  putting  about  a  quart  of 
oil  on  the  top  of  each  producer,  the  steam  at  once  stopped, 
and,  in  many  places,  the  oil  was  so  thin  that  I  could 
see  the  producer  top  through   it. 

M.  W.  Eastman. 

Cambridge.  Mass. 


What  Caused  the  Pound? 

In  answer  to  Mr.  Abel's  inquiry  in  the  Jan.  28  issue, 
I  would  say  that  I  have  encountered  the  same  trouble  in 
multi-cylinder  vertical  engines,  and  have  always  found 
that  the  pound  was  caused  by  some  of  the  other  cylin- 
ders not  performing  their  share  of  the  work,  thereby  put- 
ting an  overload  on  the  cylinder  which  was  operating 
all  right.  This  causes  excessive  heat  in  that  particular 
cylinder  and  the  igniter  becomes  so  hot  that  it  holds  fire 
and  causes  early  ignition,  which  cannot  be  regulated  by 
the  timing  device. 

The  trouble  may  be  due  to  leaky  valves,  but  most  gen- 
erally will  be  found  in  the  igniters. 

H.  H.  Delbert. 

Titusville.   Peiin. 
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Room   Temperature  and  Radiating 
Surface* 

A  cousideratioii  which  has  not  been  scientifically 
studied,  is  the  question  of  the  proper  temperature  at 
which  the  air  in  a  room  should  be  maintained.  In  the 
United  States,  it  is  customary  to  assume  that  a  tempera- 
ture of  68  to  70  deg.  F.  is  most  suitable  ftir  rooms  in 
which  persons  are  not  actively  engaged.  In  Germany, 
for  similar  rooms,  a  temperature  of  65  to  68  deg.  F. 
would  be  regarded  as  sufficient,  while  in  England  a  room 
is  considered  properly  heated  when  the  temperature  is 
65  to  60  deg.  F.  In  one  of  the  great  English  universities, 
classes  are  often  held  in  rooms  when  the  temperature  does 
not  exceed  55  deg.  F.,  but,  under  the  same  conditions,  in 
the  United  States,  the  class  would  be  dismissed.  AVhat 
is  the  reason  for  this  difference  of  temperature  required 
by  different  nationalities  ?  Is  it  due  to  personal  peculiar- 
ity, custom  or  climatic  conditions?  Possibly  the  proper 
temperature  in  one  locality  may  be  different  from  that 
of  another.  The  outside  temperature  may  have  much 
to  do  with  the  temperature  required  indoors,  as  it  is  a 
well  known  fact  that  people  living  in  countries  where  the 
temperature  is  extremely  low  usually  require  higher  in- 
door temperature. 

Many  rules  have  been  proposed  for  determining  the 
proper  amount  of  radiation  to  be  placed  in  a  room,  and 
practically  all  of  these  rules  are  based  on  the  assumption 
that  the  heat  so  applied  to  a  room  shall  equal  the  heat 
lost  from  the  walls  and  the  windows.  There  are  other 
conditions  entering  into  the  determination  of  the  proper 
amount  of  radiation  that  should  be  placed  in  a  room 
which  are  often  allowed  for  by  adding  on  percentages, 
but  the  percentages  allowed  in  most  cases  are  not  based 
on  any  .scientific  hypothesis.  For  example,  the  inter- 
mittent heating  of  a  room  will  affect  the  amount  of  heat- 
ing surface  to  be  placed  in  the  room  and  the  amount 
added  will  depend  upon  how  quickly  it  is  desired  to  heat 
the  room  after  it  has  been  cooled. 

Wliere  buildings  are  intermittently  heated,  or  arc  of 
heavy  construction,  far  more  heat  is  required  to  warm 
the  walls  of  the  building  in  a  reasonable  length  of  time 
than  to  take  care  of  the  heat  transmission.  Again,  most 
of  the  rules  u.sed  in  determining  the  amount  of  radiation 
to  heat  a  given  sized  room  assume  that  the  room  must 
be  heated  at  a  temperature  corresponding  to  the  lowest 
temperature  which  exists  outdoors  for  any  length  of  time. 
Theoretically,  such  a  proposition  is  absurd,  as.  obviously, 
if  just  enough  heat  was  supplied  to  provide  for  the  heat 
lost  from  tile  room  and  the  conditions  all  reiuained  con- 
slant,  it  would  require  an  infinite  length  of  time  to  warm 
the  room,  Forlunately,  the  heating  engineer  figures  the 
radiation  to  heat  the  building  at  a  much  lower  tempera- 
ture than  the  average;  and  during  the  warm  days  lieat  is 
felored  in  the  walls  from  the  excess  given  off  by  the  heat- 
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ing  plant  and  absorbed  by  the  sun.  During  the  very 
cold  days  this  heat  is  given  up  and  reduces  the  heat  loss 
from  the  building,  serving  to  correct  the  errors  in  the 
engineer's  calculation.  In  many  of  the  great  cathedrals 
of  Europe  no  heating  system  is  provided  and  these  build- 
ings are  never  uncomfortable,  owing  to  the  heat  stored 
in  the  building  structure  during  the  summer  months  and 
returned  to  the  air  during  the  colder  months.  A  good 
example  of  the  use  of  heat  stored  in  a  building  comes 
from  Germany. 

Recently  a  state  dinner  was  to  be  given  in  a  castle 
which  had  no  heating  system.  The  engineers  were  asked 
to  heat  the  building  for  the  dinner;  but  it  was  specified 
that  no  portion  of  the  heating  system  was  to  be  visible 
in  the  room.  The  result  was  accomplished  by  means 
of  stored  heat.  For  a  number  of  days  previous  to  the 
dinner,  the  floor  of  the  diniixjj  room  was  covered  with 
steam  pipes  and  these  pipes  were  kept  hot  by  means  of 
a  temporary  boiler.  The  day  before  the  dinner  all  the 
pipes  were  removed  and  the  .stored  heat  in  the  walls 
maintained  the  room  in  a  perfectly  comfortable  condi- 
tion for  a  number  of  days,  although  the  outside  tempera- 
ture was  well  below  the  freezing  point. 

JTone  of  the  rules  for  heating  take  these  condit'.ouB  in- 
to consideration.  It  is  quite  possilile  that  it  would  be 
better  in  buildings  of  heavy  construction  to  ba.se  tbe 
necessary  amount  of  heat  to  be  supplied  not  upon  the 
minimum  external  temperature,  but,  rather,  upon  the 
average  external  temperature.  Most  heating  engineers 
allow  a  large  margin  of  safety  which  covers  their  ignor- 
ance of  the  conditions  entering  into  the  problem. 


Calculator  for  Residence  Heating 

A  convenient  calculator  for  computing  the  square  feet 
of  radiation  for  steam  or  gravity  hot-water  heating  in  a 
residence  has  been  copyrighted  and  placed  on  the  mar- 
ket by  the  Novelty  Calculator  Co.,  of  Watertown,  N.  Y. 
It  is  arranged  in  convenient  form  on  a  celluloid  card, 
3x41/2  ill-,  together  with  full  directions  for  operating  and 
an  example  to  illustrate  the  process.  The  arrangement 
of  the  calculator  is  shown  in  the  accompanying  illustra- 
tion. By  placing  the  square  feet  of  glass  surface  op- 
posite the  square  feet  of  exposed  wall  surface,  the  square 
feet  of  radiation  for  steam  will  be  found  opposite  the 
arrow  on  the  dial  :  or.  for  hot  water,  opposite  the  pointer 
in  the  window.  The  calculator  is  ba.sed  on  an  outside 
tem]ieratiire  of  zero  and  a  room  temperature  of  70  deg. 
F.,  a  difference  of  70  deg.  If  the  temperature  is  lower 
than  zero  outside,  the  proper  amount  of  rndiatiou  may 
be  computed  by  nu'ans  of  a  second  calculator  on  the  op- 
posite side. 

In  laying  out  the  calculator,  the  heat  loss  through  the 
walls  Avas  taken  as  0.344  B.t.u.  per  sq.ft.  per  hr.  per  deg. 
difference,  or  24  B.t.u.  for  70  dog.  difference,  and  the 
heat  loss  through  a  square  foot  of  glass  as  1.71  B.t.u.  per 
hr.  per  deg.  difference,  or  120  B.t.u.  for  70  deg.     The 
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ratio  of  glass  to  wall  surface  appears  to  be  1  to  10.  With 
steam  at  2  lb.  pressure,  the  radiation  per  square  foot 
was  taken  as  240  B.t.u.  per  hr.,  and  for  hot  water,  with 
a  temperature  of  180  deg.  at  the  boiler,  as  180  B.t.u.  per 
hr.  The  coelBcients  of  heat  loss  through  the  walls  and 
glass  surface  were  purposely  made  high  to  allow  for  air 
change  through  leaky  doors  and  windows  and  irregular- 
ities in  the  heating  system,  which  are  sometimes  neces- 
sary and  tend  to  reduce  the  efficiency  of  residence  heat- 
ing. 

When  the  room  is  of  such  size  as  to  overrun  the  limits 
01   the   calculator,   the   arrow  will   not   indicate   enough 


Face  of  Calculatoe 

radiation.  By  observing  the  following  rules  this  diffi- 
culty may  be  avoided. 

Reading  clockwise,  if  the  arrow  is  between  the  deter- 
mined wall  surface  and  160  sq.ft.  of  steam  radiation,  the 
results  are  as  shown. 

Reading  anti-clockwise,  if  the  arrow  is  between  the 
wall  surface  and  160  sq.ft.  of  steam  radiation,  add  160 
to  the  result  shown. 

Operating  Cost  of   Indirect  Heating 
Systems* 

By  Frank  L.  Bcsey  and  Willis  H.  Carrier 

The  object  of  this  paper  is  to  show  that  there  is  a 
definite  relation  between  the  cost  of  power  and  the  cost 
of  the  apparatus,  and  to  determine  what  ratio  between 
these  two  factors  will  insure  the  lowest  practical  yearly 
outlay  to  cover  the  cost  of  power,  as  well  as  an  allow- 
ance on  the  cost  of  the  installation  to  care  for  interest 
and  depreciation.  It  will  be  found  there  are  two  power 
requirements  to  be  met  at  the  fan  of  a  hot-blast  heating 
system,  one  due  to  maintaining  the  required  velocity  head 
and  the  other  depending  on  the  loss  in  pressure  due  to 
the  frictional  resistance  of  the  system.  The  first  item 
is  fixed  when  the  velocities  through  the  system  are  de- 
cided upon.  The  second  item  of  requirement  is  due  to 
two  sources — the  resistance  through  the  heater  and  the 
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friction  through  the  piping  and  ducts  of  the  distributing 
system.  These  are  two  separate  sources  of  pressure  loss, 
and  either  one  may  be  studied  independently  of  the  other 
and  changes  made,  as  one  does  not  necessarily  affect  the 
other.  Inasmuch  as  with  a  constant  air  quantity  the 
friction  loss  varies  as  the  square  of  the  velocities  of  the 
air  through  the  heater  or  clucts,  it  is  seen  that  the  re- 
sistance due  to  velocity  is  the  factor  to  be  considered. 

In  general,  the  law  seems  to  hold  that  the  rate  of  heat 
transmission  varies  with  the  frictional  resistance  of  the 
heater.  The  relative  efficiency  of  two  heaters  should  be 
based  on  the  rate  of  heat  transmission  under  identical 
temperature  conditions  and  with  equal  pressure  losses 
in  forcing  the  air  through  the  heater,  and  not  upon  the 
so  called  velocity  through  the  clear  area,  which  is  more 
or  less  a  hypothetical  quantity. 

Any  decrease  in  the  velocity  of  the  air  through  the 
heater  means  an  increase  in  clear  area  with  a  decreased 
rate  of  transmission  and  a  consequent  increase  in  total 
surface  required.  It  also  reduces  the  friction  and,  there- 
fore, the  horsepower  required  at  the  fan,  with  an  in- 
crease in  the  size  of  the  fan  and  a  decrease  in  the  size 
of  the  motor.  To  get  the  same  heating  eifect,  the  depth 
of  tlie  heater  must  be  inversely  proportioned  to  the  square 
root  of  the  total  surface,  or  directly,  as  the  square  root  of 
the  rate  of  transmission  is  determined  by  the  velocity. 
The  horsepower  and  the  pressure  loss  vary  directly  as  the 
seven-thirds  power  of  the  velocity  when  the  heater  is 
proportioned  to  give  the  same  temperature  rise  to  the 
same  quantity  of  air.  The  formulas,  expressing  these 
relationships,  together  with  their  derivation,  are  all  in- 
cluded in  an  appendix. 

It  might  be  well  to  suggest  in  this  connection  that  in- 
creasing the  surface  of  the  heater  by  the  use  of  the  ad- 
ditional sections  will  not  answer  the  purpose  intended,  as 
this  would  increase  the  pressure  and  power  required.  The 
increase  in  surface  must  be  obtained  by  using  larger  sec- 
tions with  the  greater  clear  area,  so  as  to  handle  the  same 
amount  of  air  at  the  reduced  velocity,  using  the  same 
temperature  rise. 

The  method  of  assuming  a  total  pressure  against  which 
the  fan  is  to  operate  and  then  so  proportion  the  vari- 
ous pressure  losses  as  to  keep  within  this  limit  fails  to 
take  into  consideration  the  power  cost  of  the  fan.  That 
this  is  an  item  of  more  than  secondary  importance  will 
be  shown,  together  with  the  relation  of  the  cost  of  in- 
stallation to  the  subsequent  cost  of  power. 

Velocity  of  Maximum  Economy' 

Assuming  a  static  efficiency  of  40  per  cent,  for  the  fan 
— that  is,  40  per  cent,  of  the  brake  horsepower  consumed 
by  the  fan  is  usually  employed  in  moving  the  air  against 
static  resistance — the  horsepower  required  due  to  any  re- 
sistance or  pressure  drop  through  the  heater  will  be  the 
product  of  the  air  handled  times  the  pressure  drop  ex- 
pressed in  inches  of  water  times  a  constant  0.000405. 
Expressed  as  a  formula  this  becomes 

F  =  0.000405 /)  ()  (1) 

The  yearly  cost  for  the  power  consumed  in  overcoming 
the  resistance  will  be  the  product  of  this  horsepower 
times  the  yearly  cost  per  horsepower.  The  yearly  allow- 
ance on  the  cost  of  the  installation  for  the  interest  and 
depreciation  may  be  varied,  according  to  circumstances, 
the  probable  limits  being  15  to  25  per  cent,  yearly  for 
any  ordinary  installation. 
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Letting  C  p  represent  the  total  yearly  cost  of  power  at 
the  fan  and  m  the  cost  per  horsepower-year,  then 

Cp   =  0.000405  m  p  Q  =  m  II  (2) 

Also  letting  C^  represent  the  yearly  charge  for  interest 
and  depreciation,  based  on  the  cost  of  the  heater,  and 
8  the  total  square  feet  of  surface  in  the  heater,  Cj 
would  equal  S  times  the  allowance  per  square  foot  for 
interest  and  depreciation. 
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Fig.  1.    Cost  of  Power  per  Horsepower-year 


Letting  C po  and  G^o  he  the  respective  costs  at  any 
assumed  velocity,  Fq,  through  the  clear  area,  and  C p  and 
C;  be  the  corresponding  costs  at  any  other  velocity  F, 
then 


Cf  =   t!so  I  -pr 


rj 


Cp  =  Cpo 

Z!«  =  0.38.i  l^^ 
y  0  \'  po/ 


Vm   =  0.(J6  Vo 


(3) 

(5) 


If  the  assumed  velocity   V  is  also  the  most  economita 
velocity,  then  Vo  =  Vm  and 


VnV 

Vo 


=  1 


Assuming  then,  that  the  chosen  velocity  is  that  which 
gives  maximum  economy,  equation   (5)  becomes 

0.286-^  =  1 

(  P 

Cp  =  0.280  Os  (") 

This  means  that  for  the  most  economical  installation 

the  yearly  cost  of  the  power  consumed  in  overcoming  the 

friction  of  tlie  heater  should  l>e  28.6  per  cent,  of  the  an- 


nual cost  of  the  heater;  that  is,  annual  interest  and  de- 
preciation allowance  based  on  initial  costs. 

•  Practical  Application 

As  frequent  reference  will  be  made  to  the  cost  of  power 
per  horsepower  at  the  fan,  due  to  forcing  the  air  through 
the  heater  against  the  frictional  resistance,  Fig.  1  is 
given  to  show  the  relation  between  this  unit  and  the 
common  one  of  cost  per  kilowatt-hour. 

Referring  to  the  chart,  a  plant  operating  four  months 
a  year  and  twelve  hours  a  day,  with  power  costing  2.oc. 
per  kw.-hr.,  will  be  paying  $47.50  a  year  per  horsepower. 
If  power  costs  Ic.  per  kw.-hr.,  the  horsepower  will  cost 
$20  per  year.  The  cost  per  year,  due  to  the  frictional 
resistance  of  the  heater,  may  be  found  by  formula  (2). 

Take,  for  example,  a  case  where  30,000  cu.ft.  of  air 
per  min.  is  to  be  warmed  from  zero  to  103  deg.,  by  means 
of  a  Buffalo  pipe-coil  heater.  Assuming,  for  convenience, 
a  velocity  of.  1000  ft.  per  min.,  through  the  clear  area, 
a  heater  of  five  sections  of  20  rows  of  pipe  deep,  with 
184.3  sq.ft.  of  surface  per  section,  will  be  required.  The 
loss  of  pressure,  due  to  the  frictional  resistance,  will  be 
0.48  in.  Then 
Qo  =  30,000,   Vo  =  1000,  So  =  184.3  X  5  =  921.5  sq.ft 

Operating  four  months  a  year  at  twelve  hours  a  day, 
the  power  costing  2c.  per  kw.-hr.,  the  yearly  cost  of  power 
will  be  $40  per  horsepower.  Then  the  horsepower  re- 
quired will  be 

//  =  30,000  X  0.000405  X  0.48  =  5.83 
Cpo   =  5.83  X  $-iO  =  $233  a  year 
Allowing  15  per  cent,  on  the  cost  of  the  installed  heater 
for  interest  and  depreciation  on  a  cost  of  35c.  per  sq.ft. 

Cso    =  921.5  X  $0.0525  =  $48.40  a  year 
Then  the  maximum  economical  velocity  from  equation 
(6)  will  be  391  ft.  per  min. 
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Substituting  the  various  costs  per  horsepower-year  in 
this  formula,  the  corres])onding  maximum  economical 
velocity  for  each  case  may  be  determined  and  the  values 
])lotted,  as  in  curve  A,  Fig.  2. 

From  curve  A,  Fig.  2,  it  may  be  seen  that  if  a  return 
of  15  per  cent,  is  desired  on  the  investment,  in  order 
to  use  a  velocity  of  1000  ft.  per  min.,  the  power  should 
not  cost  more  than  $2.50  per  horsepower.     This  would 
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onlj'  be  the  case  where  the  fan  was  driven  by  a  steam 
engine,  and  the  exhaust  steam  used  in  the  heating  coils, 
practicalh-  using  the  engine  for  a  reducing  valve. 

Curve  B  shows  the  same  relation  of  power  cost  to  veloc- 
ity when  25  per  cent,  is  allowed  for  interest  and  deprecia- 
tion. The  curve  is  similar  to  A,  but  shows  the  greater 
velocity  allowable  under  this  condition. 

The  curves  in  Figs.  3  and  4  show  the  general  relation 
between  the  cost  of  the  power,  due  to  the  frictional  re- 
sistance, through  the  heater  at  the  two  rates  of  $10  and 
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fwo(    Veloci+Y  of  Air+hroughCleorAreaofHeoter.Ft.per  Min. 

Fig.  3.   Relative  Yearly  Interest  and  Depreciation 

Cost  on  Sceface  ant>  Power  Cost  Due  to  Friction 

OF  Air  theough  Heater  ;  Allowance  15  per  Cent. 

$40  per  hp.-jT.,  the  interest  and  depreciation  allowance 
on  the  cost  of  the  heater  and  the  sum  of  these  two  or 
the  total  yearly  charge.  For  Fig.  3,  an  allowance  of  15 
per  cent,  is  made  for  interest  and  depreciation,  while  for 
Fig.  4  this  allowance  is  25  per  cent. 

The  curve  Cs  +  Cp  represents  the  combined  cost  per 
1000  cu.ft.  of  air  per  min.,  due  to  the  interest  and  power 
costs  for  the  different  velocities.    From  Fig.  3,  it  may  be 


The  assumed  values  used  in  making  the  calculations 
for  Figs.  2  to  4,  are  not  intended  to  apply  in  all  cases, 
although  ihey  do  probably  represent  average  conditions. 
The  price  per  square  foot  for  the  heater  installed  com- 
plete, with  casing  and  steam  and  drip  headers  will  vary 
more  or  less  with  every  case,  but  35c.  was  taken  as  a 
fair  value  and  is  near  enough  to  most  installations  to 
form  the  basis  for  a  comparative  study. 

[In  the  second  issue  following,  the  balance  of  the  paper, 
dealing  with  pressure  losses  in  the  piping  system,  will 
be  published.^EDiTOR.] 

Water  Hammer  and  a  Cracked  Boiler 

A  few  days  before  Christmas  I  went  into  a  new  building 
which  was  no  warmer  than  outdoors,  due  to  the  fact  that 
several  sections  of  a  cast-iron  boiler  had  been  cracked.  The 
boiler  consisted  of  14  sections  set  vertically,  seven  sec- 
tions on  each  side  of  the  fire  and  coming  together  at  the 
top,  as  shown  in  the  accompanying  sketch. 

Trouble  had  been  experienced  in  keeping  the  water  in 
the  boiler  ever  since  it  was  installed.  There  would  be 
three-quarters  of  a  glass  of  water  in  the  boiler  every  morn- 
ing, but  on  raising  steam  it  would  go  up  in  the  radiators 
and  stay  there.    Water  would  not  show  in  the  glass  again 
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Fig.  4.   Chart  Similar  to  Fig.  3,  with  Interest  and 
Depreciation  Allowance  of  25  per  Cent. 

seen  that,  if  power  costs  $40  per  hp.-yr.,  the  lowest  total 
cost  of  operation  will  be  $3.75  per  1000  cu.ft.  per  min., 
at  a  velocity  of  400  ft.  per  min.  through  the  heater.  The 
velocities  at  the  low  points  on  these  total  cost  curves 
should  correspond  to  the  velocity  from  the  curves  in 
Fig.  2  for  the  same  cost  per  horsepower-year.  The  two 
values  of  $10  and  $40  are  taken  merely  as  two  repre- 
sentative costs  and  the  curves  may  be  plotted  for  any 
other  horsepower  cost  or  interest  allowance  by  means  of 
equations  (3)  and  (4). 
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Section  of  Boiler  ant)  Layout  of  Plant 

that  dav.  When  pressure  began  to  raise  in  the  boilers 
the  water-hammer  in  the  radiators  was  so  bad  that  it  was 
necessary  to  check  the  fire. 

On  Dec.  19  it  was  cold  in  the  building.  There  was  a 
good  fire,  but  the  steam  gage  stood  at  zero.  One  of  the 
men  opened  the  valve  on  the  city  water  line.  There  was 
a  hissing  in  the  boiler,  so  he  shut  the  valve.  The  hand 
on  the  steam  gage  jumped  up  to  3  lb.,  but  soon  dropped 
again.  He  repeated  the  same  operation  with  the  same  re- 
sult. Then  he  opened  the  water  valve  just  so  that  he 
could  hear  a  little  water  going  through  and  went  to  his 
work.  He  had  just  got  to  work  nicely  when  a  peculiar 
noise  was  heard  in  the  boiler.  Upon  investigation  it  was 
found  that  five  sections  on  one  side,  and  two  sections  on 
the  other  side  had  cracked  and  were  squirting  water  into 
the  fire.  The  fire  was  pulled  and  the  contractor  that  put 
in  the  heating  plant  was  asked  for  an  explanation.  It 
was  his  opinion  that  the  pipes  were  too  small  and  it  would 
be  necessary  to  repipe  the  building. 

Diiluth,  Minn.  0.  L.  Sherman. 
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Receiver  and  Condenser  Explosions 

The  occasioual  failure,  uuder  pressures  which  they 
\Mre  never  intended  to  carry,  of  intermediate  receivers  of 
!-ii'am  engines,  condensers,  etc.,  suggests  a  more  careful 
piovision  against  the  accumulation  in  these  vessels  of  the 
picssure  which  exists  in  the  hollers  to  which  they  are 
indirectly  connected.  Some  time  ago,  a  receiver  exploded 
liicause  the  engineer  admitted  steam  to  the  high-pressure 
(  vlinder  with  the  relief  valve  open,  blowing  directly  into 
1  ill'  exhaust,  and,  hence,  into  the  receiver.  There  was. 
therefore,  nearly  as  much  pressure  in  front  as  behind  the 
lii.uh-pressure  piston.  The  engine  would  not  start,  so 
that  there  was  no  relief  for  the  receiver  through  the  low- 
pressure  cylinder  and  the  pressure  built  up  in  it  until  it 
exploded. 

Last  mouth  a  cond^xi^cr  exploded,  with  disastrous  re- 
sults, on  the  French  battle.ship  "Messena."  Tiie  shell 
of  a  surface  condenser  would  sustain  very  little  internal 
pressure.  It  is  ribbed  and  stayed  to  withstand  external 
stresses,  for  the  pressure  outside  is  supposed  to  be  greater 
than  that  in  the  interior.  Yet,  a  surface  condenser  is  a 
closed  vessel  in  more  or  less  direct  connection  with  a 
steam  boiler  under  pressure.  Suppose  this  connection  to 
be  through  a  steam  turbine.  It  is  not  inconceivable  that, 
with  the  unit  shut  down,  sufficient  steam  might  pass 
through  the  turbine  to  create  a  dangerous  pressure  in  the 
condenser  shell  if  the  discharge  through  the  air  pump 
were  ob.structed. 

Automatic   Appliances  for  Boilers 

That  the  trend  in  modern  power-plant  practice  is  to 
eliminate  the  human  element,  as  far  as  possible,  is  clear- 
ly indicated  by  the  many  devices  on  the  market  for  the 
automatic  operation  and  regulation  of  equipment.  As  a 
rule  the  introduction  of  any  device  that  will  relieve  the 
attendant  of  some  of  his  many  duties,  particularly  the 
onerous  ones,  will  make  for  the  better  operation  of  the 
plant  as  a  whole.  This  is  not  necessarily  because  an  au- 
tomatic device  is  any  better  than  a  man,  but  l)ecause  he 
is  able  to  devote  more  of  his  energies  to  other  things, 
such  as  planning  new  methods  or  economies,  etc. 

There  are  two  sides,  however,  to  the  f|uestion  of  in- 
stalling automatic  devices  wherever  possible.  One  of  the 
principle  negative  contentions  is  that  the  adoption  of  a 
device,  such  as  a  boiler  feed-water  regulator.  I'or  example, 
will  engender  carelessness  and  inattention  on  the  luirt 
of  the  water  tender.  Those  ojiposing  this  view  argue 
that  any  attendant  who  will  beconu'  lax  and  negligent 
because  of  some  mechanism  installed  to  assist  bini,  is  not 
desirable  under  any  conditions. 

However,  this  is  asidi  inmi  the  jtresent  intention,  which 
I-  to  call  attention  lo  llic  careful  consideration  that 
should  be  given  to  the  way  in  wliich  automatic  governing 
and  regidating  devices  and  scj  on  arc  applied  and  how 
the  connections  are  made.  Sometimes  it  happens  that 
two  or  more  such  devices  which  control  or  regulate  cor- 


relating equipment  will  so  act  as  to  produce  opposite 
rather  than  similar  effects  on  the  apparatus  governed. 
As  an  illustration,  consider  first  an  indi\idual  boiler 
that  is  self-contained  in  every  respect  and  that  is  served 
by  the  usual  stack,  stoker,  etc.,  and  operates  under  forced 
draft  in  addition  to  that  produced  by  the  stack.  Assume 
that  in  the  main  steam  header,  or  possibly  in  the  goose- 
neck connecting  the  boiler  and  the  header,  is  a  nonreturn 
valve  of  the  tyjje  which  responds  to  a  drop  in  steam  pres- 
sure on  either  side  of  it;  and  that  the  stack  damper,  as 
well  as  the  stoker  and  fan,  are  controlled  by  the  usual  au- 
tomatic regulating  devices.  Suppose  these  regulators  are 
connected  to  the  steam  line  between  the  nonreturn  valve 
and  the  boiler.  If  a  tube  should  burst,  the  drop  in  pres- 
sure would  close  the  valve  and  open  the  damper  and 
speed  up  both  fan  and  stoker.  If  a  break  should  occur 
in  the  steam  main  beyond  the  nonreturn  valve,  the  latter 
would  close ;  consequently  the  pressure  in  the  boiler  would 
build  up,  thus  closing  the  damper  and  slowing  down  the 
fan  and  stoker. 

Sup] lose  the  regulator  connectitins  to  the  steam  line 
are  made  on  the  far  side  of  the  nonreturn  valve  from  the 
boiler.  In  the  event  of  a  tube  bursting,  the  valve  closes 
but  the  other  appliances  ai-e  not  affected,  unless  it  would 
be  after  some  little  time  has  elapsed  in  which  the  pres- 
sure in  the  steam  line  has  fallen  off.  If  a  break  occurs 
in  the  line  on  the  far  side  of  the  valve,  the  latter  will 
close  but  the  damper  will  open  and  the  air  and  coal  sup- 
ply will  be  increased.  The  only  advantage  in  connect- 
ing up  this  way  is  that  the  bursting  of  a  boiler  tube  is 
more  frequent  than  the  bursting  of  the  steam  pipe. 

As  another  illustration,  consider  a  jilant  containing  a 
number  of  boilers  each  equipped  with  individual  non- 
return valves  in  the  goose-necks  and  only  mie  regulator 
to  control  the  dampers  and  one  to  control  the  air  and 
coal  supply  for  the  entire  plant.  If  these  regulators  are 
connected  to  the  main  steam  header,  the  bursting  of  a 
tube  in  one  of  the  boilers  will  simply  have  the  effect 
of  closing  the  nonreturn  valve  serving  that  ]iarticular 
unit ;  there  being  no  effect  whatever  (Hi  either 
of  the  two  regulators.  If,  on  the  other  hand, 
a  break  occurs  in  the  steam  line,  all  of  the 
valves  will  close;  ihc  dampers  will  <ipi'ii ;  and  both 
the  fan  and  stokers  will  speed  up.  To  prevent  this,  the 
regulator  connection  should  be  made  lo  all  of  the  boilers 
in  a  small  plant  or.  in  a  large  ]ilant  where  this  is  imi 
practicable,  to  .several  batteries  at  points  lielween  the 
boilers  and  nonreturn  valves.  Tbi-  will  prevent  increas- 
ing the  air  and  coal  sui)ply  when  a  break  occurs  in  the 
main  steam  line  and  the  eire<-t  of  a  tube  l)ursting  in  ou(? 
of  the  boilers  will  l)e  practieally  negligible. 

From  the  very  nature  of  these  appliaiu'es,  the  func- 
tions they  are  designed  to  perform  and  the  methods  of 
their  operation,  it  is  evident  that  they  work  at  times  to 
cross  purposes.  For  exam])le,  the  nonreturn  valve  is  a 
safety  device,  designed  so  that  it  will  close  and  shut  off 
the  steam  in  case  of  any  unusual  happening,  whereas  the 
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damper,  stoker  and  fan  regulators  are  intended  to  control 
their  equipment  so  as  to  get  uniform  operation.  The  re- 
sult is  that  the  latter  devices  will  endeavor  to  maintain 
a  imiform  operation  under  all  circumstances  and  condi- 
tions and  the  more  upset  these  become  the  harder  they 
will  work,  even  when  this  is  the  very  thing  that  is  not  de- 
sired. 

Thus  it  may  be  seen  that  the  elimination  of  the  so  called 
human  element  in  the  boiler  house  is  impossible,  no  mat- 
ter how  many  automatic  devices  are  applied.  When  every- 
thing is  running  along  smoothly  there  may  not  be  so 
much  required  of  the  attendant  in  the  way  of  actual 
and  constant  attention,  nevertheless,  when  an  accident 
happens  or  an  emergency  arises  no  device  so  far  found 
is  able  to  take  his  place. 

The  Society  for  Electrical  Development 

Since  commercial  growth  is  the  ultimate  aim  of  all  in- 
dustries this  new  organization,  committeed  to  the  com- 
mercial side  of  electrical  engineering,  has  before  it  great 
possibilities.  Heretofore,  the  technical  side  of  electrical 
engineering  has  been  well  taken  care  of,  through  a  num- 
ber of  representative  societies,  but  the  business  side  has 
been  left  large!}-  to  individual  effort. 

The  Society  for  Electrical  Development  aims  to  bring 
together  the  various  interests  concerned,  such  as  central 
stations,  electrical  manufacturers,  architects,  contractors, 
etc.,  in  a  sort  of  mutual  aid  spirit,  and  it  also  proposes 
through  an  educational  and  publicity  campaign  to  great- 
ly extend  the  use  of  electricity  for  industrial  and  domestic 
purposes. 

In  spite  of  several  protestations  of  jjublic-spirited 
policies,  the  program  is  purely  a  business  proposition  and 
as  such  is  perfectly  legitimate.  However,  it  is  no  secret 
that  the  society  is  to  be  used  incidentally  as  a  weapon  by 
the  central-station  interests  in  their  war  against  isolated 
plants;  in  fact,  several  of  the  speakers  at  the  meeting 
inferred  as  much.  One  of  the  most  effective  means  of 
accomplishing  this  end  is  the  plan  for  establishing  a  closer 
relation  between  the  central  station  and  the  architect, 
builder,  and  city  officials,  the  central-station  engineers 
to  furnish  the  necessary  engineering  advice  in  such  prob- 
lems as  may  arise.  If  present  practices  are  to  be  taken 
as  a  criterion,  such  information  will  often  be  strongly 
biased  and  we  believe  the  architect  and  builder  should  be 
warned  against  accepting  such  information  without  the 
most  crucial  analysis,  for  in  the  end  the  owTier  is  the 
loser,  and  the  architect  and  builder  are  morally  responsible 
to  the  owner. 

Another  line  of  action  was  suggested  in  the  address  of 
]\Ir.  Doherty  who  decried  the  present  supervision  and 
regulation  of  central  stations  by  public-service  commis- 
sions. 

Viewing  the  question  from  a  strictly  independent 
standpoint,  we  believe  the  society  has  a  wide  field  of  use- 
fulness in  promoting  electrical  progress,  extending  the 
use  of  electricity  with  more  efficient  application  and  edu- 
cating the  public  as  to  its  possibilities.  Insofar  as  such 
applications  lie  within  the  field  of  the  central  station  the 
latter  is  entitled  to  all  the  benefits  which  it  is  likely  to 
derive.  But  where  it  attempts  to  further  certain  mercen- 
ary policies  under  the  disguise  of  more  lofty  aims  and 
endeavors  to  use  the  influence  of  such  a  society  to  hinder 
or  frustrate  the  efforts  of  the  people  to  protect  them- 


selves through  public-service  commissions  against  such 
extortions  and  discriminations  as  have  often  been  wit- 
nessed in  the  past,  then  the  public  should  become  ac- 
quainted with  the  facts  and  the  allied  interests,  such  as 
manufacturers,  architects  and  builders  shoxdd  be  on  their 
guard. 

Efficiency  in  the  Power  Plant 

The  slogan  of  the  day  is  efficiency.  Particularly  in 
engineering  lines,  there  is  a  marked  tendency  toward 
seeking  out  the  sources  of  waste  and  as  far  as  possible  de- 
stroying them.  Much  has  been  accomplished,  but  often 
too  little  consideration  is  given,  in  the  plans  of  the  effi- 
ciency expert,  to  the  factor  of  the  operating  man.  No 
amount  of  planning,  scientific  arranging  and  organiza- 
tion will  bring  the  desired  results  unless  the  man  on  the 
job  is  behind  the  movement.  Tactlessness  has  often  re- 
sulted in  making  an  enemy  of  the  operating  man  where 
lucid  explanation  would  have  made  him  willing  and 
anxious  to  coopei-ate. 

In  the  last  analysis  the  best  interests  of  the  owner  of 
a  plant  and  the  men  who  run  it  for  him  are  identical. 
An  increase  in  efficiency  of  one  always  betters  the  con- 
dition of  the  other,  and  the  matter  of  efficiency  is  really 
much  simpler  than  might  be  supposed  from  reading  some 
of  the  literature  on  the  subject.  Any  man  is  an  efficiency 
expert  who  keeps  his  eyes  open  and  first  sees  where  meth- 
ods are  wrong,  and  then  thinks  out  a  way  to  correct 
them.  The  whole  secret  lies  in  a  habit  of  mind.  Obser- 
vation and  ability  to  think  straight  are  the  necessary 
qualities. 

For  example,  a  man  who  does  a  given  task  daily  and 
grumbles  at  the  excessive  labor  involved,  will  probably 
always  be  at  that  job  until  he  is  fired.  The  man  who, 
on  the  other  hand,  doing  the  same  work,  first  wonders 
why  it  is  so  hard,  then  finds  out  that  it  might  be  done 
an  easier  way,  and  finally  discovers  that  easier  way,  will 
not  be  wasted  long  in  that  niche — he  will  be  needed 
higher  up. 

It  is  the  attitude  of  mind  that  counts.  Confidence  is 
power,  and  confidence  is  bred  in  accomplishments  and 
knowledge.  It  is  the  man  who  wants  to  know  "why  the 
wheels  go  round,"  and  perseveres  till  he  finds  out,  that 
does  things  in  any  line.  If  the  operating  man  does  not 
get  anywhere,  the  blame  never  lies  in  "lack  of  oppor- 
tunity," "being  tied  to  a  battery  of  old  tea-kettles,"  or 
"the  boss  don't  know  me."  It  rests  in  his  own  attitude 
of  mind.  Get  the  thinking  habit — acquire  curiosity — 
look  and  ponder — and  the  rest  is  just  hard  work  that 
never  killed  anyone  yet. 


A  bill  requiring  IniiJding  constructors  to  be  licensed 
is  to  be  introduced  into  the  New  York  State  Legislature, 
according  to  a  daily  press  report.  No  matter  what  its 
merits,  we  can  predict  the  fate  of  the  bill,  for  this  state 
hasn't  yet  got  the  right  perspective  on  would-be  laws 
that  would  make  for  the  greater  safety  of  the  people. 
Perhaps,  if  this  bill  does  pass  and  the  lawmakers  can  be 
brought  to  realize  that  a  collapsing  building  is  not  so 
very  much  more  effective  as  a  life  extinguisher  than  a 
bursting  boiler,  there  may  be  some  chance  of  adopting 
a  boiler-inspection  laiv  and  even  an  engineers'  license  law 
in  course  of  time. 
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Adjusting    Lost    Motion  in  Pump 

Valves 

Setting  the  valves  of  a  duplex  pump  is  generally  con- 
sidered simple  and  one  of  the  first  things  the  young 
engineer  is  taught,  but  with  pumps  in  which  the  valves 
are  set  with  lost  motion  it  becomes  a  question  to  some 
as  to  just  how  much  play  to  allow.  A  simple  rule  to  fol- 
low is  to  make  the  combined  total  lost  motion  or  clear- 
ance equal  to  the  width  of  one  steam  port.  For  iu- 
ftance,  in  Fig.  1,  if  the  width  of  the  port  is  %  ^^-r  the 
clearance  between  the  lug  and  the  nuts  at  C  and  D 
should  be  ij  in.  each. 


Fig.  1.  Showing  Clearance 
BETWEEN  Valve  Stem  Nuts 


Fig.  2.  Valve  Stem 
with  One  Nut 


Some  types  of  pumps  have  a  large  nut  between  the 
jaws  of  the  upper  side  of  the  valve,  Fig.  2.  In  this  case 
the  clearance  is  divided  and  the  amount  determined  by 
the  pump  maker.  The  only  advantage  in  having  the 
clearance  adjustable  is  that  sometimes  a  pump  is  used 
with  a  considerably  lower  pressure  on  the  water  end  than 
that  for  which  it  was  designed.  It  is  then  sometimes 
necessary  to  decrease  the  lost  motion  which  shortens  the 
stroke  of  the  pump,  preventing  the  steam  pistons  from 
striking  the  cylinder  heads.  This  is  only  the  case  where 
the  service  is  very  low  and  the  amount  of  steam  used  is 
slight. 

John  F.  Hubst. 

Louisville,  Ky. 

The   Deadly  Monoxide 

Carbon  monoxide  is  a  product  that  has  no  place  in  a 
well  regulated  furnace.  Besides  the  lack  of  complete 
combustion  attending  its  formation,  it  is  highly  danger- 
ous, when  mixed  in  proper  proportions  with  air,  because 
of  its  explosive  quality.  Although  at  first  glance  it 
might  .seem  impossible  that  the  amount  of  this  gas  pres- 
ent in  the  flue  could  rise  to  a  point  where  it  would  be  a 
menace  to  .safety,  this  very  thing  has  happened.  In  one 
instance  the  fact  that  the  boiler-room  man  did  not  realize 
what  an  amount  of  the  gas  was  being  formed  at  times, 
nearly  resulted  in  a  bad  explosion. 

This  plant  consisted  of  a  battery  of  nine  horizontal 
return-tul)ular  boilers  arranged  in  one  long  row  and  all 
connected  to  a  common  flue  at  the  back.  Two  of  the 
nine  were  very  old  and  to  get  more  work  out  of  them 
in  their  old  age,  steam  jet  blowers  had  been  installed. 
All  the  boilers  were  hand-fired  and  all  operated  under 
natural   draft  except  the  two  in  question.     To  prevent 


leakage  around  the  ashpit  doors  the  latter  were  sealed 
tight  and  the  firedoors  were  a  good  snug  fit.  The  grates 
were  of  the  sawdust  type  with  holes  not  over  %-in.  in 
diameter. 

The  management  was  considering  the  purchase  of  a 
different  brand  of  coal  from  that  previously  used,  and 
before  deciding  the  matter,  engaged  a  testing  engineer  to 
run  comparative  tests  on  the  old  and  new  coal.  The  en- 
gineer ran  foul  of  the  boiler-room  man  at  once,  as  the 
latter  was  one  of  those  that  believes  no  outsider  can  tell 
him  an}i:hing  about  his  boiler  room,  but  no  open  rupture 
occurred. 

Along  in  the  second  day  of  the  run,  the  testing  man 
made  his  hourly  Orsat  reading  and  found  the  percentage 
of  CO  had  jumped  in  an  hour  from  one-half  of  1  per 
cent,  to  over  IJf  per  cent.  Unable  to  believe  his  own  fig- 
ures, he  took  another  sample,  renewed  his  reagents  and 
tested  again.  This  time  the  result  was  nearly  15  parts 
of  the  deadly  monoxide  gas. 

There  being  no  longer  any  doubt,  the  engineer  called 
the  head  fireman  and  told  him  what  he  had  found,  ex- 
plaining the  danger.  The  boss  of  the  boiler  room  was 
puzzled  and  incredulous.  He  had  no  explanation  to  offer 
because  he  did  not  know  his  own  boilers  and  what  really 
happened  inside  them.  Then  the  testing  man  thought 
of  the  steam-blast  boilers  and  their  sealed  ashpits.  In 
two  jumps  he  reached  the  steam  valve.  Sure  enough,  it 
was  closed  tight  and  those  two  boilers  were  simply  gen- 
erating carbon  monoxide,  because  sufficient  air  could  not 
reach  the  fires.  It  developed  then  that  it  was  the  cus- 
tom to  shut  the  steam  off  tight  when  necessary  to  clean 
fires  or  lay  off  those  two  units,  and  for  more  than  a  year 
this  had  been  going  on  with  an  excellent  chance  each 
time  for  an  explosion  that  might  have  wrecked  the  plant. 
That  the  correct  mixture  of  CO  and  oxygen  had  never 
been  attained  was  pure  luck. 

When  the  testing  engineer  made  his  discovery  it  was 
within  2  per  cent,  of  the  danger  point.  Therefore,  the 
latter  laid  down  a  rule  that  the  steam  at  the  blower  was 
always  to  be  turned  on,  at  least  the  valve  cracked,  while 
he  was  on  the  job — and  reported  the  matter  to  the  man- 
agement, and  recommended  for  the  safety  of  the  plant 
that  the  steam  valves  in  question  be  arranged  so  that 
it  would  be  impossible  to  quite  close  them.  The  gen- 
eral manager  of  the  works,  who  knew  little  or  nothing 
of  boilers  or  their  operation,  was  greatly  excited  and  im- 
mediately wanted  to  discharge  the  whole  boiler-room 
force,  but  the  testing  engineer  dissuaded  him  from  do- 
ing so. 

This  incident  is  related  to  bring  out  the  value  of  an 
inquiring  habit  of  mind.  If  the  bead  fireman  had  been 
of  the  type  that  thinks  for  himself,  would  he  have  sat 
complacently  over  a  potential  blowup  and  not  found  it 
out?  Of  course,  if  the  plant  had  been  one  where  Orsat 
tests  are  the  usual  routine  the  trouble  would  have  been 
found  at  once,  but  without  any  testing  apparatus  an  effi- 
cient boiler-room  man  would  have  made  all  the  more 
sure  thai  the  battery  was  in  proper  shape.     Such  a  man 
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would  have  stopped  to  reason,  just  as  soon  as  the  steam 
jets  went  m — "How  is  this  going  to  effect  combustion?" 
He  would  have  considered  the  sealed  ashpits,  the  lack 
of  air  without  the  blower  and  concluded  that  shutting 
off  the  latter  simply  turned  his  boilers  into  gas  produc- 
ers. This  man  did  not  think  and  nearly  lost  his  job,  if 
not  his  life,  in  consequence.  There  is  no  doubt  that  many 
disastrous  steam  explosions  of  boilers  have  been  caused 
primarily  by  a  CO  explosion  which  throws  the  boiler 
off  its  setting  and  breaks  the  steam  connections,  and  the 
percentage  of  CO  would  never  have  reached  the  danger 
point  if  the  man  in  charge  understood  the  character  of 
this  gas  and  the  conditions  under  which  it  is  formed. 
Give  a  fire  air  enough  and  there  is  no  chance  of  trouble. 

H.  R.  Callaway. 
Xew  York  City. 

Power  Pump    Troubles 

Many  times  troubles  develop  m  power  pumps  which 
are  difficult  to  locate.  Probably  the  greatest  source  of 
trouble  is  in  the  valves,  which  become  worn  and  uneven, 
and  if  they  turn  slightly  on  the  stem  the  port  opening  is 
not  properly  closed  and  excessive  slip  results.  Other 
causes  of  valve  trouble  are  sticks,  leaves  and  rubbish  clog-, 
ging  the  seats  or  blocking  up  the  valves.  Valve  stems 
sometimes  work  loose  and  drop  out  and  the  valves  that 
do  not  fit  properly  become  wedged  or  stuck. 

Sometimes  difficulty  is  experienced  in  lifting  water  by 
suction,  which  may  be  due  to  various  causes.  The  pump 
and  the  suction  line  should  be  well  primed  before  start- 
ing and  for  long  or  high  suction  lifts  a  foot  valve  of 
a  large   valve  area   should  be  provided. 

All  air  pockets  should  be  carefully  avoided  in  the 
suctioii  line,  and  pumps  which  are  so  designed  as  to  form 
air  pockets  in  the  suction-valve  chamber  should  be 
avoided.  Plunger  or  piston  and  piston-rod  packing 
should  be  of  good  quality  and  properly  installed.  In 
installing  a  pump  it  should  not  be  forgotten  that  pipe 
friction  is  to  be  overcome  in  the  suction  as  well  as  in  the 
discharge  line;  therefore  the  pipe  lines  should  be  kept 
free  from  sharp  bends. 

Air  in  the  suction  line  will  cause  pounding.  Hence 
all  leaks  should  be  repaired  and  it  should  be  seen  that 
the  suction  pipe  is  properly  submerged  at  the  intake. 

Long  suction  lines  will  sometimes  knock  from  the 
momentum  of  the  column  of  water  which  must  be  started 
aud  stopped.  A  suction  or  vacuum  chamber  to  cushion 
the  shock  will  remedy  the  trouble.  Hot  water  will  evap- 
orate in  a  vacuum  aud  cause  a  severe  knock  if  lifted 
by  suction.  Therefore,  the  water  should  be  brought  to 
the  pump  under  a  slight  head  if  possible. 

As  worn  crank-  or  pinion-shaft  bearings  will  vary  the 
shaft  centers  and  cause  noisy  gears,  the  gearing  should 
be  properly  lined  up  and  the  centers  properly  adjusted 
and  the  bearings  rebabbitted.  Cast  gears  may  have  one 
or  two  large  teeth  in  the  gear  or  pinion  which  will  cause 
a  noise  at  each  revolution.  Filing  down  to  a  proper  size 
will  remove  the  noise. 

Single  pumps,  and  even  duplex  and  triplex  pumps, 
will  occasionally  develop  pounding  in  the  discharge  line. 
The  cause  may  be  a  fluctuating  discharge,  which  may  be 
remedied  by  a  discharge  air  chamber,  proper  care  being 
taken  that  it  is  supplied  with  air.  Faulty  cheek  valves 
in  the  discharge  line,  improper  arrangement  of  piping 


or  frequent  opening  and  closing  of  the  discharge  valves 
may  cause  knocks. 

Every  power  pump  should  be  fitted  with  one  or  more 
relief  valves  placed  close  to  the  pump  to  prevent  break- 
age. A  check  valve  in  the  discharge  line  will  take  the 
load  from  the  pump-discharge  valves  during  a  shutdown. 

G.  H.  Bridges. 

Holvoke,  Mass. 


Experience   with   Water  Softening 
Plants 

In  the  hope  of  getting  engineers  to  tell  of  their  experi- 
ence with  water-softening  plants,  I  submit  the  follow- 
ing: 

My  first  experience  was  with  feed  water,  taken  from  a 
well,  the  hardness  of  which,  by  Ur.  Clark's  soap  test,  was 
34  deg.  About  20  deg.  of  this  hardness  was  temporary, 
the  remaining  14  deg.  being  permanent.  The  hardness 
was  due  to  carbonate  and  sulphate  of  lime  with  a  little 
magnesia,  and  varied  with  the  season,  rainfall  and  melt- 
ing snow  in  the  hills,  causing  a  variation  of  4  or  5  deg. 
We  made  a  rough  test  of  the  water  daily  as  follows: 
Seventy  c.c.  of  the  well  water  was  tested  with  the  soap  so- 
lution and  the  total  hardness  noted.  At  the  same  time  a 
quantity  of  the  well  water  was  subjected  to  prolonged 
boiling.  Carbonate  of  lime  is  insoluble  in  water  and  can 
only  be  held  in  solution  in  the  form  of  bi-carbonate. 
Boiling  liberates  the  carbonic  acid  and  the  bi-carbonate 
then  becomes  carbonate  aud  is  precipitated.  After  cool- 
ing, 70  c.c.  of  the  boiled  water  was  tested  with  the  soap 
solution  aud  the  hardness  noted  as  permanent  hardness, 
the  difference  between  this  and  the  total  hardness  pre- 
viously noted  being  the  temporary  hardness. 

To  estimate  the  magnesia,  about  a  liter  of  well  water 
was  treated  with  a  gram  of  ammonium  oxalate.  This 
precipitated  all  the  lime  and  after  filtration  70  c.c.  of 
this  water  was  subjected  to  the  soap  test  and  any  hardness 
above  1  deg.  was  multiplied  by  the  fraction  ^Vtsj  the  re- 
sult giving,  approximately,  the  hardness  due  to  the  mag- 
nesia. These  tests  are  rough  and  such  as  any  engineer 
can  make.  They  enable  him  to  discover  if  there  is  any 
radical  change  in  the  water. 

The  plant  we  had  for  treating  this  water  was  designed 
to  remove  the  temporary  hardness  only,  and  was  worked 
on  the  Clark  system.  By  this  method,  caustic  lime  is 
added  to  the  water.  This  neutralizes  the  excess  CO,, 
and  by  so  doing  the  lime  originally  in  solution  and  the 
caustic  lime  are  precipitated  as  carbonates.  The  capacity 
of  the  plant  was  12,000  gal.  per  hour  and  the  arrange- 
ment was  as  follows: 

The  water  from  the  well  was  pumped  to  a  mixer  where 
it  received  the  requisite  amount  of  caustic  lime.  From 
the  mixer  it  passed  to  a  settling  tank  where  precipitation 
took  place;  the  water,  turbid  with  lime,  entering  at  one 
end  and  flowing  over  a  weir  at  the  other  end,  compara- 
tively clear,  to  the  filters.  After  passing  through  the 
filtering  medium,  which  in  this  case  was  sail  cloth,  the 
water  passed  to  the  storage  tank. 

This  plant  worked  fairly  well,  the  temporary  hard- 
ness being  reduced  17  deg.  If,  however,  the  plant  was 
worked  to  its  full  capacity  there  was  likelihood  of  trouble 
through  the  softening  process  being  continued  in  the 
pipes,  tanks,  etc.,  beyond  the  filters,  carbonate  of  lime 
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being  deposited  in  places  where  it  should  not  be.  The 
filters  were  also  likely  to  give  trouble.  As  the  filtration 
was  through  one  ply  of  sail  cloth  only,  if  a  hole  developed, 
free  lime  entered  the  piping,  etc.,  and  was  precipitated 
therein.  Had  there  been  double  filtration  there  would 
have  been  less  chance  for  unfiltered  water  to  enter  the 
piping. 

Although  these  defects  were  against  the  plant,  there 
was  a  great  reduction  in  the  hardness  of  the  water,  prac- 
tically the  whole  of  the  carbonates,  together  with  a  part 
of  the  magnesia,  being  removed.  The  softened  water  was 
also  free  from  organic  contamination. 

The  next  plant  I  had  charge  of  was  designed  to  remove 
both  the  temporary  and  permanent  hardness  from  a  sim- 
ilar water  to  that  treated  in  the  first  plant.  The  makers 
of  the  apparatus  promised  a  reduction  of  29  deg.  in  the 
hardness  by  means  of  the  lime-soda  process.  In  this 
plant,  which  had  a  capacity  of  20,000  gal.  per  hr.,  the 
water  was  pumped  to  a  mixer,  where  it  was  automatic- 
ally mixed  with  the  right  amoimt  of  soda  and  caustic 
lime.  The  water  and  chemicals  then  passed  to  a  settling 
chamber  where  most  of  the  precipitation  took  place,  and 
from  thence  through  three  wood  wool  filters  in  series,  to 
the  storage  tanks. 

This  system  had  triple  filtration  as  against  the  single 
filters  of  the  first  plant,  and,  although  the  water  remained 
for  several  days  in  the  storage  tanks,  there  was  no  pre- 
cipitation therein.  This  showed  that  there  was  no  sub- 
sequent softening  action  going  on  after  the  water  had 
passed  through  the  plant,  and  that  no  sediment  was 
passing  the  filters. 

We  could  reduce  to  4  deg.  hardness  quite  easily,  but 
our  experience  showed  us  that  for  boiler  feeding,  pitting 
of  the  plates  was  likely  to  happen  by  getting  the  water 
down  to  a  minimum  hardness.  We  found  that  it  was 
better  to  work  at  7  deg.,  as  a  slight  excess  of  soda  in  the 
water  caused  foaming  with  all  the  bother  at  the  engine 
that  foaming  causes.  This  plant  gave  excellent  results 
and  our  boilers  greatly  benefited  thereby. 

We  had  water-tube  boilers  and  it  was  quite  a  common 
thing  to  shut  down  for  bagged  and  leaky  tubes.  As 
many  as  ten  tul)es  have  had  to  be  removed  in  a  day  prior 
to  installing  the  softening  plant,  and  now  this  trouble 
has  practically  cea.sed. 

My  next  experience  was  with  with  a  plant  for  dealing 
with  quite  a  different  water,  the  hardness  of  which  was 
14  deg.,  9  deg.  being  permanent  and  5  deg.  temporary. 
This  water  was  obtained  from  a  source  little  better  than 
a  sewer  and  there  was  much  solid  matter  in  suspension 
apart  from  the  hardness.  It  was  originally  intended  that 
this  water  should  be  simply  filtered  and  freed  from  or- 
ganic impurities  and  no  provision  was  made  for  reducing 
the  hardness  appreciably.    The  process  was  as  follows: 

Pumps  drew  from  the  water  supply  and  chemical 
tiinks,  and  delivered  from  a  closed,  vertical  cylindrical 
tank,  the  outlet  of  which  wa.s  connected  to  pressure  sand 
filters.  In  the  chemical  tanks  was  a  .solution  of  aluminum 
sulphate  and  a  valve  in  this  tank  wa.s  so  regulated  that 
a  sufficient  quantity  of  the  reagent  was  drawn  into  the 
])unip  along  with  the  untreated  water. 

This  reagent  assisted  the  purification  in  two  ways.  It 
oau.sed  the  sus])onded  matter  to  coagulate  and  be  pre- 
cipitated in  the  settling  tank,  and.  secondly,  an  insoluble 
gelatinous  substance  was  formed  in  the  filters,  which  Tna- 
terially  assisted  filtration  and  was  capable  of  destroying 


micro-organisms  and  extracting  coloring  matter.  The 
water  left  the  filters  remarkably  clear  and  free  from  im- 
purities other  than  the  lime  and  magnesia  salts  in  solu- 
tion. 

To  eliminate  these  salts  and  thereby  soften  the  water^ 
a  chemical  pump  was  installed,  which  was  actuated  by 
the  main  pump,  and  which  drew  liquid  from  another 
tank  containing  a  lime-soda  mixture.  The  capacity  of 
this  pump  was  such  that  a  close  approximation  to  the 
correct  amount  of  reagent  was  mixed  with  the  water  on 
the  delivery  side  of  the  main  pump,  finer  adjustments 
being  made  by  varying  the  strength  of  the  solution.  From 
this  point  the  process  was  the  same  as  it  was  prior  to  the 
adoption  of  the  softening  apparatus.  ■  With  the  addition 
of  the  lime-soda,  a  reduced  amount  of  aluminum  sulphate 
is  required.  The  main  pumps  are  of  the  duplex  type, 
and  the  advantage  of  having  the  chemical  pump  driven  by 
the  duplex  pump  is  that  any  variation  in  the  length  or 
number  of  strokes  causes  a  like  variation  in  the  speed  of 
the  chemical  pump,  thereby  maintaining  the  correct 
ratio  between  the  amount  of  water  and  reagent. 

The  plant  is  capable  of  handling  about  50,000  gal.  per 
hr. 

Any  person  who  has  seen  the  sludge  taken  from  a 
softening  plant,  treating  only  moderately  hard  water,  will 
be  convinced  that  the  heater  and  boiler  are  not  the  best 
places  to  soften  feed  water. 

For  boiler  feeding,  it  is  not  advisable  to  soften  the 
water  to  the  lowest  possible  limit  when  working  with 
the  lime-soda  process,  or  there  may  be  trouble  from  foam- 
ing. It  is  better  to  have  a  margin  of  2  deg.  or  there- 
abouts. 

Mac  Dick-max. 

Paisley,  Scotland. 


Putting  in  a  New    Piston 

A  quick  way  of  putting  in  a  new  piston  and  md  is  as 
follows : 

Get  a  straight  stick  IV2  in-  wide  and  8  in.  longer  than 
the  cylinder.  Then  measure  the  inside  length  of  the  cyl- 
inder, from  the  crank-end  head  to  the  outside  edge  of  the 
head  end,  graduating  the  stick  in  inches  with  a  thin  knife 
blade  and  square.  If  the  length  of  the  stroke  is  48  in., 
measure  ofl"  48  in.  on  the  stick  from  the  end. 

Then  measure  tha  thickness  of  the  piston  and  mark  off 
this  measurement  on  the  stick  from  the  stroke  measure- 
ment, which  would  be  the  length  of  stroke  plus  the  thick- 
ness of  piston.  ■  Next  measure  the  thickness  of  the  cyl- 
inder head  from  the  fiange  with  the  gasket  in  place.  This 
will  leave  but  very  little  space  on  the  stick  measurement 
of  the  length  of  cylinder,  say  -{'^  in.,  which  is  the  total 
clearance  for  both  ends  of  the  cylinder,  or  n\-'"-  clear- 
ance for  each  end  between  the  piston  and  each  head. 

Then  place  the  engine  on  the  head-end  dead  center, 
and  screw  the  piston  rod  into  the  crosshead  until  the  pis- 
ton is  in  the  cylinder  from  the  outside  edge  a  distance 
equal  to  the  thickncs,s  of  the  cylinder  head,  plus  the  clear- 
ance, 3^  in.  Then  tighten  up  the  crosshead  nut  on  the 
piston  rod,  secure  the  cylinder  head  and  if  the  measure- 
ments have  been  correctly  made  the  piston  has  equal  clear- 
ance at  each  end  of  the  cylinder. 

A.    I.    llAKiHT. 

Kalamazoo,   Mich. 
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QUESTIONS     BEFORE    THE     HOUSE 
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Logical  Unit  of  Power 

Eeplying  to  Mr.  Liddell's  letter  in  the  Feb.  i  issue, 
on  the  "Logical  Unit  of  Power,"  I  would  say  that,  in  the 
ultimate  analysis,  the  ampere  is  determined  electrolytieal- 
ly — not  by  an  ampere  balance.  However,  both  the  ampere 
and  the  ohm,  as  determined  fundamentally  in  a  standard 
laboratory,  are  basfed  on  gravity,  as  are  all  other  units 
representing  or  contributing  to  work,  excepting  those  of 
space.  But  the  instruments  used  universally  for  indi- 
cating amperes  and  ohms  and  watts,  give  the  same  indi- 
cations everywhere,  whereas  the  common  pound  and  ounce 
weights  have  not  the  same  absolute  values  at  all  latitudes. 

If  ammeters  and  wattmeters  were  all  made  with  re- 
tractile weights  instead  of  springs,  the  relation  between 
electrical  and  mechanical  measurements  would  be  the 
same  at  all  points.  When  I  said  that  the  kilowatt  is  the 
same  everywhere  within  man's  reach,  I  meant  the  kilo- 
watt as  universally  measured,  not  as  derived  from  origi- 
nal determinations  made  at  Washington  or  Paris. 

The  question  whether  the  kilowatt  can  be  measured 
more  closely  than  the  mechanical  equivalent  is  irrelevant ; 
also  whether  the  operating  engineer  uses  746  or  745.6 
watts  as  the  electrical  equivalent.  Undoubtedly,  both 
746  watts  and  550  ft. -lb.  per  sec.  will  always  be  used  as 
horsepower  equivalents  in  ordinary  everyday  work,  but 
that  has  nothing  whatever  to  do  with  the  question  of 
whether  it  is  more  expedient  in  scientific  work  to  take 
746  as  the  exact  equivalent  and  let  the  foot-pound  values 
wabble,  or  vke  versa. 

C.  P.  Poole. 

Atlanta,  Ga. 


Cause  of  Piston  Fracture 

In  the  Nov.  5  issue,  H.  R.  Rockwell  relates  his  experi- 
ence with  fractured  pistons  on  a  12x1 2-in.  duplex  single- 
stage  air  compressor,  working  against  100  lb.  receiver 
pressure.  Three  of  these  pistons  fractured  one  after  an- 
other, and  Mr.  Rockwell  asked  what  was  the  cause  of 
the  trouble. 

I  believe  the  initial  cause  of  the  failure  of  the  pistons 
was  their  weak  design.  By  referring  to  Mr.  Rockwell's 
illustration  of  one  of  the  fractured  pistons,  it  may  be  seen 
that  all  the  corners  on  the  inside  of  the  piston  are  square 
and  sharp.  This  is  a  feature  that  should  be  avoided  when 
possible  in  machine  design. 

The  action  of  the  iron  in  such  shapes  when  poured  and 
cooled  at  the  foundry  would  be  to  pull  the  hub  from  the 
piston  because  the  sand  of  the  core  which  forms  the  shape 
of  the  inside  of  the  piston,  will  keep  the  hub  A  hot  after 
the  faces  B  have  cooled  off  and  later  when  the  hub  A 
cools,  there  will  be  a  severe  shrinkage  strain  at  the  point 
C,  where  the  hub  joins  the  inner  side  of  the  piston.  If 
the  interior  of  the  piston  had  been  shaped  like  that 
shown  herewith,  having  fillets  instead  of  sharp  comers, 
the  castings  would  have  had  sufScient  strength  to  resist 
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the  shrinkage  strain  because  with  rounded  corners  there 
would  be  no  points  from  which  a  fracture  could  start. 
This  is  on  the  same  principle  as  drilling  a  hole  in  a 
boiler  plate  at  the  end  of  a  crack  or  fracture  to  prevent 
an  increase  of  the  length  of  the  crack. 

The  force  that  actuates  the  compressor  piston  is  trans- 
mitted to  it  by  the  piston  rod."  The  resistance  to  be  over- 


PiSTON  WITH  Rounded  Inner  Corners 

come  in  this  instance  is  about  11,300  lb.,  which  tends  to 
push  and  pull  the  middle  out  of  the  piston  which  in- 
termittent action  will  soon  cause  a  piston  to  fail,  as  de- 
scribed by  Mr.  Rockwell. 

J.  W.  Parker. 
Clinton,  Mass. 


In  reply  to  H.  R.  Rockwell's  request,  regarding  the  pis- 
ton troubles  he  has  had  with  his  air  compressor,  I  think 
bis  trouble  was  due  to  presence  of  oil  in  the  piston.  The 
heat  of  compression  caused  the  oil  to  vaporize  or  gasify, 
and  later  on,  during  the  ordinary  operation  of  the  com- 
pressor, the  heat  of  compression  became  great  enough 
to  ignite  this  gas  or  vapor,  and  caused  an  explosion  of 
the  piston.  As  he  has  adopted  the  use  of  a  solid  piston 
he  will  not  have  this  trouble  again,  but  if  he  continues 
to  use  the  same  oil,  and  if  not  very  cautious,  it  may  result 
in  the  explosion  of  a  cylinder  or  pipeline. 

E.  H.  Hart. 

Baskett,  Ky. 


Although  I  cannot  offer  any  solution  as  to  the  cause  of 
the  piston  fracture,  described  by  Mr.  Rockwell,  it  recalls 
an  experience  of  mine  with  a  similar  trouble.  I  was  em- 
ployed as  foreman  in  a  shop  which  made  a  specialty  of 
making  horizontal  cross-compound  engines.  We  also  did 
much  work  in  millwrigliting  and  general  repairs.  One 
morning  we  received  an  urgent  call  from  a  mill  in  a 
neighboring  town,  requesting  us  to  send  a  man  over  im- 
mediately, as  the  engine  was  completely  wrecked. 

On  arriving  at  the  plant  I  found  the  high-pressure  cyl- 
inder had  been  badly  damaged.     The  back  cover  of  the 


March  18,  1913 


PO  WEE 


389 


cylinder  lay  against  the  wall.  The  words  of  Mr.  Rockwell 
accurately  described  the  condition  of  the  piston,  "nothing 
was  left  on  the  rod  except  the  hub  or  eye  through  which 
the  rod  passed,"  and  the  piston  rod  and  connecting-rod 
were  both  badly  buckled.  Finding  that  the  low-pressure 
side  was  intact  and  in  good  condition,  I  first  set  about 
getting  this  engine  running,  which  carried  the  greatest 
part  of  the  load. 

On  going  back  to  the  wrecked  or  high-pressure  side,  it 
was  soon  apparent  to  me  that  the  trouble  was  brought 
about  by  the  connecting-rod  cotter  (key)  working  out  and 
J  explained  to  the  mill  manager  that  my  experience  was 
that  sufficient  warning  by  knocking  or  bumping  was 
usually  given  in  circumstances  of  this  kind,  to  allow  of 
shutting  down  the  engine  before  any  serious  damage 
could  be  done.  In  reply  to  my  inquiry  as  to  where  the 
engineer  was  when  the  accident  happened,  the  manager 
replied,  "At  the  other  side  of  that  field,"  pointing  to  a 
lield  about  600  yards  away.  Evidently  the  engineer  made 
a  hurried  exit  from  the  plant  as  soon  as  he  heard  a  slight 
knocking  in  the  cylinder. 

F.  P.  Strachan. 

Belfast,   Ireland. 


Dal  ton's   Law  in  the  Steam  Plant 

The  letter  by  Louis  Grossbaum,  published  in  the  Feb. 
4  issue  of  Power,  commenting  upon  my  previous  article 
en  "Dalton's  Law  in  the  Steam  Plant,"  is  of  interest,  be- 
cause his  statements  are  correct,  but  at  the  same  time 
they  do  not  contradict  any  of  the  statements  in  my  previ- 
ous article.  His  letter  does  serve  to  show  how  loosely 
many  engineering  terms  are  used. 

Mr.  Grossbaum  discusses  the  flash  point  of  oil  purely 
from  an  academic  standpoint  and  assumes  it  is  used  for 
determining  the  temperature  at  which  explosive  mixtures 
of  oil  vapor  with  air  are  formed.  While  this  is  a  physical 
fact,  engineers  use  "flash  point"  for  determining  the  vola- 
tility of  cylinder  oil,  and  this  is  what  I  had  in  mind. 
That  is,  the  flash  point  was  considered  merely  as  a  meas- 
ure of  the  temperature  at  which  a  certam  rate  of  evapora- 
tion would  occur  from  the  surface  of  oil.  With  this  quali- 
fication in  mind  it  is  evident  that  none  of  the  remarks 
are  misleading.  The  statement  that  the  same  flash  point 
would  exist  under  150  lb.  air  pressure  was  perhai)s  unfor- 
tunate, but  I  was  merely  using  air  as  an  example  of  an- 
other gas  in  contradistinction  to  150  lb.  steam  ])ressure.  I 
might  have  said  150  lb.  pressure  of  carbon-dioxide  gas  (a 
iionsupporter  of  combustion)  and  from  an  engineering 
standpoint  the  oil  would  still  have  a  flash  point  the 
same  as  it  does  with  steam,  although  as  Mr.  Grossbaum 
points  out,  in  the  latter  case  it  would  be  impossible  to 
obtain  a  physical  flash. 

Engineers  in  this  country  use  flash  point  to  tell  them 
whether  or  not,  when  they  inject  a  drop  of  oil  into  a 
cylindcrful  of  steam  at  a  given  temperature,  it  will  im- 
mediately flash  into  a  vapor  or  will  maintain  its  liquid 
state  and  have  some  value  as  a  lubricant. 

It  might  also  be  well  to  point  out  here  that  with  a  large 
body  of  oil  in  a  cylindcrful  of  steam  it  would  be  possible 
for  enough  of  this  oil  to  evaporate  to  build  up  a  pressure 
of  its  own  vapor  so  that  the  flash  point  might  bo  raised, 
but  when  it  is  considered  that  under  ordinary  circum- 
stances only  a  minute  drop  of  oil  mixes  with  a  cylinderful 


of  steam,  it  is  seen  to  be  practically  impossible  for  so 
small  an  amount  of  oil  to  build  up  an  appreciable  pres- 
sure of  its  own  vapor. 

I  am  still  sure  that  the  author  of  the  book  referred  to 
in  the  original  article  was  laboring  under  a  delusion  and 
v,-as  not  familiar  with  the  practical  application  of  Dalton's 
Law.  For  in  speaking  of  the  fact  that  150  lb.  steam 
pressure  raises  the  flash  point  he  says:  "This  will  ex- 
plain why  it  might  be  possible  to  use  a  cylinder  oil  suc- 
cessfully for  lubrication  under  superheated-steam  condi- 
tions where  the  temperature  of  the  steam  might  even 
be  a  good  deal  higher  than  the  flash  point  of  the  oil 
measured  under  atmospheric  conditions." 

In  other  words,  he  would  have  us  believe  that  the  steam 
pressure  would  tend  to  raise  the  flash  point  and  thus  hold 
the  oil  in  its  liquid  state  in  spite  of  the  high  superheat. 
It  is  this  fallacy  that  I  wished  to  combat,  for,  as  I  pointed 
out  in  the  article,  the  steam  (another  gas)  pressure  is 
not  going  to  raise  the  flash  point.  So  let  no  engineer  de- 
lude himself  into  believing  he  can  use  a  cylinder  oil  of  low 
flash  point  and  expect  the  steam  pressure  to  hold  the  oil 
in  its  liquid  state. 

It  might  not  be  amiss  to  mention  at  this  point  that 
if  engineers  are  going  to  use  the  term  flash  point,  they 
should,  in  order  that  they  have  an  absolute  basis  of  com- 
parison, state  under  what  atmospheric  conditions  the  test 
was  made,  that  is,  barometric  pressure,  humidity,  veloc- 
ity and  temperature  of  the  air  in  the  rooms,  etc.,  for,  of 
course,  if  there  were  a  strong  current  of  air  passing  over 
the  oil  under  test,  a  large  proportion  of  the  vapor  would 
be  carried  away  and  it  would  be  impossible  to  gee  a  mix- 
ture rich  enough  in  ignitable  vapors  to  give  a  flash. 

The  importance  of  these  variables  is  now  appreciated  by 
chemists  and  engineers  who  make  a  specialty  of  oil  test- 
ing, for  whereas  the  "open  flash  test"  was  formerly  ac- 
cepted, the  "closed  flash  test"  is  now  considered  more  re- 
liable and  apparatus  has  now  been  perfected  for  con- 
trolling and  measuring  the  extraneous  variables  that  affect 
the  flash  point. 

It  is  interesting  to  note  that  the  use  of  "flash  point" 
as  a  measure  of  volatility  is  only  roughly  correct  as  has 
been  proved  by  recent  experiments.  Archbutt  has  per- 
fected an  instrument  known  as  a  vaporimeter  for  deter- 
mining the  loss  in  weight  of  oil  at  any  given  tempera- 
ture. The  principle  consists  in  passing  a  known  quantity 
of  air  or  steam  at  a  known  temperature  over  a  given 
weight  of  oil  and  determining  the  rate  of  evaporation  by 
noting  the  loss  in  weight  of  oil.  He  determined  the  fol- 
lowing relations  between  volatility  and  flash  point. 

Sp.  Gr.  Flash  Loss  Wt.  in  1  hr. 

nt  Point,*  at  370  dcg.  F.  in 

60  deg.  F.  deg.  F.  2  liters  per  min. 
Per  cent. 

American  cylinder  oil 0.902  586  0.12 

American  cylinder  oil 0.898  512  0  55 

American  cylinder  oil 0. 893  42-1  4   18 

*Ti-.sts  made  on  a  Pensky-Martens  instrument,  closed 
"flash   test"   apparatus. 

This  shows  that  the  use  of  "flash  ])oint"  for  measuring 
the  volatility  is  probably  clo.se  enough  for  practical  pur- 
poses, but  that  no  known  simple  relation  exists  between 
the  two.  Might  it  not  be  well  for  engineers  to  cease 
using  the  term  "flash  point"  as  a  measure  of  the  suit- 
ability of  any  given  oil  for  use  in  steam-engine  cylinders 
under  various  degrees  of  pressure  and  sujierheat,  and  to 
adopt  some  more  rational  standard  ba.sed  upon  the  rate 
of  evaporation  under  standard  conditions? 

New  York  City.  Geokok  F.  Fkxno. 
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Feed  Water  Heating  and   Pumping 

The  discussion  of  the  pumping  problems  in  the  arti- 
cle, under  the  above  title,  appearing  Feb.  4,  is  not  in 
accordance  with  present  and  coming  American  practice. 
We  differ  at  present  in  that  the  single  pump  is  not  the 
accepted  standard  and  in  that  the  turbo-  and  electric- 
driven  centrifugal  pumps  are  replacing  reciprocating 
units  in  a  large  number  of  the  modern  installations. 

The  preference  for  single  or  duplex  pumps  is  largely 
a  matter  of  individual  taste.  The  single  pump  offers  as 
advantages:  fewer  boxes  and  glands,  full  stroke  and 
lower  steam  consumption,  outside  adjustment  of  valves. 

For  its  advantages,  the  duplex  pump  offers:  positive 
action,  less  operating  trouble  as  practically  two  pumps 
are  provided,  steadier  flow  to  boilers,  thus  permitting 
higher  speeds  without  jar  to  the  boilers,  and  less  space 
occupied. 

For  the  centrifugal  pump  used  aboard  ship,  the  regula- 
tion is  the  main  problem.  If  electric  power  is  obtain- 
able, it  may  be  used.  However,  it  is  preferable  to  drive 
boiler  feeders  here  by  the  same  source  of  power  that 
actuates  the  main  machinery.  Steam  turbines  have  been 
perfected  that  will  regulate  within  boiler  pressures  from 
25  per  cent,  below  to  15  per  cent,  or  more  above  stand- 
ard conditions.  Further,  the  steam  turbines  are  used 
largely  on  land  and  could  be  used  to  advantage  for 
marine  work. 

In  present  plants,  where  boiler  feed  is  being  satisfac- 
torily handled  by  single  or  duplex  pumps,  it  may  be 
all  right  to  accept  the  old  situation.  However,  every 
new  plant  should  seriously  consider  both  types  of  ma- 
chinery. The  low  first  cost  will  protect  the  reciprocating 
pump  on  plants  below  1000  boiler  horsepower,  as  the 
steam  saving  effected  would  hardly  offset  the  first  cost. 
Ah  an  example,  take  a  plant  of  750  boiler  horsepower  op- 
erating under  100  lb.  steam  pressure. 

A  duplex  pump  would  have  8-in.  steam  cylinders,  5- 
in.  water  cylinders,  10-in.  stroke,  and  would  deliver 
some  55,000  lb.  of  water  per  hr.  at  a  piston  speed  of 
some  30  ft.  per  min.  This  pump  would  cost  around  $200 
and,  operating  at  this  slow  speed,  should  last  indefinite- 
ly with  replacements  of  valves  and  gaskets.  The  steam 
consumption  would  be  at  least  150  lb.  per  hp.-hr.,  or 
639  lb.  per  hr. 

This  same  boiler  could  be  fed  by  a  2-in.  two-stage 
centrifugal  pump  direct  connected  to  a  steam  turbine 
operating  at  2600  r.p.m.  The  pump  and  turbine  would 
cost  about  $600  and  would  require  not  over  450  lb.  of 
steam  per  hour,  or  a  saving  of  169  lb.  per  hr.  over  the 
reciprocating  unit. 

An  electric-driven  centrifugal  pump  would  cost  about 
$500  and  would  require  but  300  lb.  of  steam  per  hour 
under  the  worst  conditions.  Both  of  the  centrifugal  in- 
stallations would  be  good  for  boilers  with  double  the 
capacity.  Here,  it  will  be  seen  that  the  first  costs  ap- 
proach, while  the  sa\ing  effected  in  steam  consumption 
increases  directly  as  the  horsepower  of  the  boilers. 

Large  users  of  power  all  over  this  country  are  meeting 
the  new  conditions  and  accepting  the  improved  machin- 
ery. Steam  reciprocating  units  are  being  replaced  by 
centrifugal  units.  First  cost  once  out  of  the  way,  as 
is  the  case  where  the  capacity  of  the  plant  is  above  1000 
boiler  horsepower,  the  new  pumps  speak  for  themselves. 

The  saving  in  steam  consumption  amounts  to  about  50 


per  cent,  and  the  complete  unit  requires  much  less  room. 
It  further  means  that  the  flow  to  the  boilers  is  smoother 
and  without  the  shock  to  the  piping  and  boiler  tubes 
obtained  when  reciprocating  pumps  are  used.  A  final 
saving  seldom  considered,  is  the  fact  that  the  exhaust 
from  the  steam  turbines  is  free  from  lubricating  oil, 
which   means   purer  water   to  the  boilers. 

The  reciprocating  pump  will  continue  to  be  used  where 
the  capacity  desired  is  small  or  where  the  head  for  dis- 
charge is  excessive.  The  centrifugal  pump  costs  more, 
iiut  the  saving  effected  by  its  use  will  more  than  counter- 
balance this  disadvantage. 

F.  C.  Wight. 

Davton,   Ohio. 


World  Beating    Discoveries 

In  the  Feb.  11  issue,  under  the  title  "World  Beating 
Discoveries,"  I  fear  that  Mr.  Booth  has  given  a  grain  of 
comfort  to  the  promoters  of  the  scheme  for  the  centrifugal 
separation  of  carbon  dioxide  from  its  associate  gases. 
That  the  scheme  is  not  impossible  but  only  impracticable 
may  be  the  stand  taken  by  these  gentlemen. 

The  inference  from  Mr.  Booth's  article  is  that  a  well 
insulated  vessel  containing  a  mixture  of  gases  should  show 
a  greater  percentage  of  the  heavier  gases  at  the  bottom. 
This  I  do  not  believe,  because  if  the  kinetic  theory  of 
gases  is  correct,  the  only  restraints  on  the  movements  of 
the  molecules  of  the  gases  would  be  a  reduction  of  tem- 
perature and  the  sides  of  the  vessel.  This  in  the  case 
of  a  mixture  would  affect  all  of  the  gases  composing  the 
mixture  and  we  would  still  have  the  intimate  mingling 
caused  by  diffusion. 

Does  not  the  phenomenon  known  as  diffusion  (the 
power  of  which  is  illustrated  by  an  example  in  Mr. 
Booth's  article)  preclude  the  possibility  of  a  separation 
by  the  action  of  gravity? 

It  seems  to  me  that  as  long  as  there  is  heat  enough  to 
maintain  the  gases  in  a  gaseous  state,  there  will  be  more 
or  less  perfect  diffusion  and  that  separation  must  be  ef- 
fected by  means  other  than  gravity. 

Kansas  City,  Mo.  C.  0.  Saxdstrom. 


Evaporative  Test  of  Cylinder  Oil 

C.  E.  Fairbanks,  in  the  Jan.  7  issue,  describes  a  method 
of  testing  cylinder  oil  by  evaporating  it  from  an  or- 
dinary blotter,  which  gave  just  the  reverse  results  from 
our  experiments  with  cylinder  lubricants. 

Some  months  ago,  we  were  sent  a  5-gal.  can  of  a  new 
cylinder  oil  to  try.  It  was  also  guaranteed  that  only  one- 
half  as  much  of  the  new  oil  would  have  to  be  used  as  of 
the  old.  In  the  afternoon  of  the  first  day  we  began  using 
the  new  oil  we  experienced  trouble,  for  we  could  not  get 
enough  of  the  new  oil  through  the  lubricator  to  lubricate 
the  cylinder  walls,  valve  seats  and  piston  rod. 

The  test  we  made  of  the  oil,  both  the  new  and  the  old, 
was  practically  the  same  as  that  made  by  Mr.  Fairbanks 
and,  as  related  in  his  letter,  the  new  oil  showing  the  same 
as  that  of  Xo.  2.  and  the  old  oil  showing  up  just  a  little 
better  than  Xo.  6  of  the  photographs  submitted  by  Mr. 
Fairbanks  in  the  Jan.  7  issue.  Our  boiler  pressure  is  140 
lb.  gage :  the  engine  is  a  20x48-in.  Corliss. 

Fort  Madison,  Iowa.  Thomas  C.  Eobixsox. 
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Solid  vs.  Built-Uii  Piston — Why  is  a  solid  piston  pre- 
ferred  to   a   built-up   piston    in   a    high-speed   engine? 

C.    E.   A. 

At  a  hig-h  speed  of  rotation  and  frequent  reversing,  there 
is  more  danger  with  a  built-up  piston  that  parts  may  be- 
come separated  and  do  damage. 


Feed  Water  Temperature — How  hot  is  it  possible  to  get 
feed   water   in   an   open   heater? 

G.    W.    D. 

Water  in  ;  n  open  heater,  i.e.,  one  in  which  the  water  is 
under  only  ai:mospheric  pressure,  cannot  be  heated  to  above 
212  deg.  P..  as  further  heat  passes  oft  in  evaporation  as  fast 
as  it  is  added. 

.  Bleeder — \\'hat   is  a  bleeder? 

A.  W.  C. 
A  bleeder,  or  a  bleeder  connection,  is  a  connection  from  a 
steam  pipe  or  other  vessel  for  drawing  off  water  of  condensa- 
tion. Many  apply  the  name  to  only  such  connections  as  draw 
off  water  when  a  valve  or  trap  is  opened  by  hand,  and  give 
the  name  "relief"  to  any  automatic  draining  arrangement. 


Feeding  Water  H  >tt^r  tban  213  Deg. —  Will  a  pump  delivtir 
water  into  a   boiler  at  above  212  deg.    F.      If  so,   how   much? 

D.    W.   G. 

A  pump  will  discharge  water  into  a  boiler  at  212  deg.  F., 
or  any  higher  temperature,  if  the  water  is  supplied  to  the 
pump  under  a  pressure  corresponding  to  the  temperature. 
Otherwise,  vapor  will  form  in  the  pump  cylinder,  preventing 
the  cylinder  from   becoming  completely   filled   with   water. 


('j-linder  Connterljore — What  purpose  does  the  counterbore 
in   the  ends  of  a  cylinder  serve? 

W.    E.    S. 

The  counterbore  prevents  a  shoulder  or  rounded  end  be- 
ing worn  where  the  rings  stop  rubbing  when  the  piston  re- 
verses its  stroke.  With  the  counterbore.  part  of  the  ring 
"wipes  over."  so  that  the  actual  rubbing  surface  of  the  cyl- 
inder wears  uniformly  lengthwise. 


Power  to  Compress  -Vlr — Which  will  t.ake  the  mo!-e  p'.wcr. 
to  compress  a  given  amount  of  air  to  a  given  pre.-s.s'uro 
isothermally   or   adiabatically? 

A.   E.  J. 
More   power    will    be    required    to   compress   it    adiabatically 
as   may    be   seen    by    reference    to    the    diagram    given    on    page 
'  607  of  the  Oct.   1.   1912   issue.      The  area  of  the  isothermal  dia- 
gram,   and    hence    the    amount    of    work,    is    less    than    that    of 
either  the  actual  compression  or  the  adiabatic  diagram. 

Ventilating  a  Boiler  Room — How  can  the  gases  and  fumes 
from  a  boiler  room,  where  a  low  grade  of  culm  is  burned,  be 
removed?  A  roof  ventilator  seems  to  be  ineffective;  why 
Is  It? 

W.    .S.    C. 

If  there  are  not  doors  or  windows  on  opposite  sides  of  the 
room  which  can  be  opened  to  create  cross-current  ventila- 
tion, it  will  be  well  to  install  an  exhaust  fan  near  the  floor. 
Overhead  ventilation  is  ineffective  because  the  gases,  as  they 
cool,   settle,   being   heavier   than   the   surrounding   atmosphere. 

RemovInK  Oil  from  UeltInK — How  can  oil  be  removed  from 
leather  belting? 

A.    C.    H. 

No  solution  or  wash  should  be  used  for  removing  oil  from 
belting  as  It  would  be  likely  to  loosen  the  cemented  joints. 
It  Is  safer  to  apply  a  powder  such  as  whiting,  fuller's  earth 
or  carbonate  of  m,agnesia  to  take  up  the  oil.  Afterward  the 
oil  may  be  washed  out  of  the  powder  with  a  strong  alkaline 
solution  and.  after  settling,  the  solution  may  be  drained  off 
and  the  powder  dried  and  repulverlzed  for  future  use. 


Volnmetrlr    Kfflrlenoy — What    is    the    volumetric     eflUlency 
of  an  air  compressor  and  how  Is  it  obtained? 

.7.    E.    A. 
The    volumetric    efflclency    Is    the    ratio    of    the    volume    of 


free  air  actually  compressed  in  a  given  time  to  the  piston 
displacement  in  the  same  time.  To  determine  it  accurately, 
the  only  way  is  to  measure  the  air  taken  in  or  discharged, 
or  both,  as  a  check,  since  there  are  several  variables  enter- 
ing in.  Approximate  determinations  may  be  made  from  in-- 
dicator  cards,  as  explained  on  pages  963  to  965  of  "Experi- 
mental Engineering,  '  by  Professors  R.  C.  Carpenter  and  H. 
Diederlchs.    (1912    edition). 

Eflfeot  of  Increased  Exciting  turreut — Will  increasing  the 
exciting  current  on  an  alternating-current  generator  increase 
or   decrease    the   lead    of   a   wattless   current? 

E.  J.  R. 

It  will  not  increase  or  decrease  the  lead  or  lag  of  a  watt- 
less current.  However,  the  voltage  drop,  at  full  "load,  is 
greater  with  a  low-power  factor,  and  the  lower  the  pov/er 
factor  the  poorer  the  voltage  regulation  in  an  alternating- 
current  machine.  From  this  it  will  be  seen  that  with  a  low- 
power  factor,  the  field  current  of  the  machine  must  be  in- 
creased to  carry  the  load  at  the  required  voltage.  However, 
the  regulation  of  the  field  current  has  no  direct  effect  upon 
the  power  factor.  This  is  governed  entirely  by  the  character 
of  the  load.  If  synchronous  motors  form  part  of  the  load,  by 
regulating  the  field  current  of  the  motor,  it  may  be  made  to 
take  a  larger  leading  wattless  component,  and  thereby  raise 
the   power   factor  of  the   system. 


Dutcli-Oven  Furnaee — Where  did  the  Dutch-oven  furnace 
originate?  What  kind  of  fuel  is  used  in  it?  Is  it  economical 
in  the  use  of  fuel?  Does  not  a  furnace  directly  under  a  boiler 
give   better   results   where   wood   and    refuse   are    burned? 

E.    G.   H. 

The  "Dutch-oven"  type  is  a  very  old  form  of  furnace  used 
for  heating  long  cylindrical  boilers,  laid  down  close  to  the 
ground  with  very  low  side  walls  and  frequently  a  long 
ditch-like  passage  for  conveying  the  products  of  combustion 
beneath  the  boiler.  Some  of  the  earliest  of  these  furnaces  so 
used  were  employed  by  blast  furnaces  in  the  United  States, 
burning  coal  or  wood  and  later  waste   blast-furnace  gases. 

Properly  designed  and  proportioned,  a  Dutch-oven  furnacu 
can  be  operated  more  economically  than  a  furnace  placed 
under  one  end  of  a  boiler.  The  waste  of  heat  by  radiation 
from  the  roof  is  usually  more  than  offset  by  the  more  com- 
plete combustion  not  so  generally  attainable  in  an  ordinary 
furnace  wherein  the  gases  are  too  soon  chilled  by  the  boiler 
surfaces.      This    applies    regardless    of   the    fuel    used. 


H 


ft.    I 


p«>^ver  of  Tul>ular  Boller- 

turn-tubular    boiler    having    a 
i.ng    with    24    four-inch    tubes 


-Wh 

shell 


t   is   the 


horsepower 
n    diameter. 


W.    L.    K. 


The  usual  rating  of  such  a  boiler  is  based  on  10  sq.ft.  of 
heating  surface  per  boiler  horsepower.  The  rule  for  finding 
the  heating  surface  is  to  add  one-half  the  area  of  the  shell, 
the  internal  area  of  all  the  tubes  and  the  area  of  one  head 
minus  twice  the  are.i  of  one  end  of  .all  the  tubes.  In  thi.s 
case  one-half  the  area  of  the  shell  is 
3.1416  X  4  X  18 
=    113.1   sq.ft. 


the  in- 


The   internal    diameter  of  a   4-in.    tube   being   3.732   in., 
ternal  area  of  the  tubes  is 

3.1416    X    3.732    X    18    X    24 

=    422.06   sq.ft. 

12 

The   area   of  one  head   is 

4    X    4    X    0.7854    -    12. .17   sq.ft. 
Twice   the  area  of  one  end   of  all   the   tubes  is 
2    X    4    X    4    X    0.7864    X    24 

=    4.19  sq.ft. 

144 

The   total  heating  surface,   therefore,  is 

113.1    -I-    422.06    +   12.57  —  4.19    =    543.54  sq.ft., 
and  the  horsepower,  according  to  the  above  rating 
643,54 

=   54.35  hp. 

10 
Thi'  tnt.nl   horsepower  which  can  be  got   out  of  the  boiler  will 
exceed    this,   for  It  is  limited  only  by  the  amount  of  heat  that 
can    be   put    into    the   boiler.      All    pollers   can   be    forced    con- 
siderably  beyond   their   normal    rating. 
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Mexsuratiox — Part  YI 

Spheres 

A  sphere,  Fig.  1,  is  a  solid  having  a  curved  surface  all 
points  on  which  are  equally  distant  from  a  point  within 
called  the  center. 

A  very  easily  remembered  formula  for  the  area  of  the 
surface  of  a  sphere  is 

A  =  i  IT  r^ 
where 

/•  =  Radius ; 
7r=  3.1416. 

When  it  is  remembered  that  the  area  of  a  circle  is 
equal  to  tt  r-,  it  will  be  seen  that  the  area  of  a  sphere  is 
four  times  the  area  of  its  cross-section  through  the  cen- 
ter. For  a  mental  picture,  to  fix  the  fact  in  the  mind, 
imagine  an  orange  quartered  by  two  cuts  at  right  angles ; 
then  the  area  of  the  skin  surface  of  the  quarter  section 
■nill  exactly  equal  the  sum  of  the  areas  of  the  cut  surfaces. 

To  prove  the  formula  for  a  sphere's  surface,  suppose 
a  section  of  a  sphere,  similar  to  the  quarter  orange  sec- 
tion to  be  cut  as  shown  in  perspective  in  Fig.  2.  It  is 
now  an  eighth  of  a  sphere,  but  for  the  purpose  of  our 
proof,  we  will  slice  off  a  little  more,  as  indicated,  imtil 
the  distance  around  the  circumference  is  Just  equal  to  the 
radius  r. 

In  Fig.  2  this  piece  of  a  sphere  is  also  shown  as  in  a 
working  drawing — three  views — one  directly  toward  the 
curved  surface   (which  by  the  way  is  called  a  spherical 


Fig.  1. 

triangle),  as  the  piece  stands  on  its  flat  base,  one  a  view 
looking  directly  down  on  it,  and  one  a  sectional  side 
view.  The  distance  ABC  is  the  actual  altitude  of  the 
spherical  triangle.  Let  this  be  divided  into  equal  parts, 
and  the  object  sliced  as  indicated  by  the  horizontal  lines. 
By  construction,  the  base  of  the  triangle  was  made  equal 
to  r,  therefore,  any  other  of  the  horizontal  curved  lines 
as  /  will  be  equal  in  length  when  straightened  out  to  the 
corresponding  horizontal  lines  in  the  right  view,  which 
lines,  it  will  be  observed,  grow  gradually  shorter  and 
closer  together  going  from  the  bottom  to  the  top. 

Presuming  these  slices  to  have  been  made  very  thin, 


instead  of  as  drawn,  and  the  area  of  one  at  the  bottom,  a.s 
abcda,  would  be  equal  to  the  height  as  measured  along 
the  curved  altitude  multiplied  by  the  radius  and  its 
equivalent  flat  area  would  be  found  at  AefgA  in  the  right 
view.  But,  proceeding  upward,  this  is  no  longer  true. 
For  example,  at  r',  the  unit  altitude  is  still  the  same  for 
the  actual  area,  but  in  the  right  view  is  becoming  shorter ; 
hence,  to  show  true  area,  we  should  have  to  draw  a  new 
figure  as  hijkh,  in  which  hk  is  equal  to  hi  or  r'.  Supposr 
we  draw  a  perpendicular  from  i  to  the  line  Jil^  as  im.    As 


Fig.  2. 

can  be  seen  by  inspection,  im  is  shorter  than  hi  and,  if 
we  wanted  to  construct  a  rectangle  equal  in  area  to  hijkh, 
with  the  altitude  equal  to  im,  it  would  have  to  have  a  base 
longer  than  hk.  By  actual  measurement,  we  would  find 
that  it  must  be  nl,  which  proves  to  be  equal  to  r,  and  the 
area  nopln,  being  made  equal  to  the  area  hijkh,  also  equals 
the  corresponding  curved  area  having  r'  as  its  base. 

So  it  might  be  shown  for  any  other  small  area  slice 
clear  to  the  top  and  the  sum  of  all  these  areas  will  be  the 
spherical  triangle  in  the  one  case  and  the  square  AqCgA 
in  the  other,  which  must,  therefore,  be  equal. 

The  area  of  the  square  we  know  is  r  X  »"  =  •'^.  fhen 
the  area  of  our  triangle  is  r^  and  it  remains  only  to  dis- 
cover what  part  this  spherical  triangle  is  of  the  sphere's 
total  surface. 

Since  the  base  equals  r,  to  complete  a  half  sphere  made 
of  such  pieces  would  take  as  many  pieces  as  r  is  con- 
tained in  the  circumference,  or 

2rr       -        . 

=  2  -  pieces 

r  -' 

To  make  a  whole  sphere,  wonld  require  twice  as  many 
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or  4  TT  pieces,  and  each  piece  being  of  area  r^,  the  whole 
sphere's  area  is  4  tt  r-,  as  was  to  be  proved. 

Another  interesting  thing  that  is  true  of  the  area  of 
a  sphere  is  tliat  it  is  exactly  equal  to  the  convex  area  of  a 
cylinder  that  will  just  contain  it,  as  in  Fig.  3.  (By  con- 
vex area  it  will  be  remembered  is  meant  the  curved  area 
of  the  cylinder  or  the  total  area  minus  the  areas  of  the 
two  circular  ends.) 

Let  us  see  why  the  above  statement  is  true.  We  have 
seen  that  the  area  of  a  sphei-e  equals  four  times  the  area 
.  of  a  circle  formed  when  the  sphere  is  cut  through  its 
center  (such  a  circle  is  known  as  a  great  circle).  Ex- 
pressed as  a  formula,  this  was, 

A  =  i  TT  r^ 
Suppose  we  divide  this  by  the  diameter,  D,  or,  what  is  the 
same  thing,  twice  the  radius.  2r,  we  then  have 
4-r^ 
2r 

but,  as  we  learned  before,  2  ir  r  equals  the  circumference 
of  a  circle  of  radius  r,  i.e.,  a  great  circle. 

Then  another  way  to  find  the  surface  of  a  sphere  is  to 
multiply  its  diameter  by  the  circumference  of  its  great 
circle.  To  find  the  convex  area  of  a  cylinder,  as  ex- 
plained in  an  earlier  lesson,  we  would  multiply  its  height 
by  its  circumference.  But  by  inspection  of  Fig.  3,  we 
will  see  that  the  cylinder's  height,  in  this  case,  equals 
the  diameter  of  the  sphere  and  its  circumference  the  cir- 


=  2  -  ;• 


S-|Po»A<i 


Fig.  3. 


cumfercnce  of  a  great  circle  of  the  sphere,  so  we  find  that 
the  two  areas  are  equal,  just  as  was  stated. 

Example:  What  will  be  the  area  of  a  sphere  22  in. 
in  diameter? 

The  radius  will  be  half  the  diameter,  or  11  in.  So, 
substituting  in  the  formula,  we  have 

A  =  4  X  3.1416  X  11'  =  1520.53  in.    Ans. 

If  a  sphere  were  cut  into  several  very  thin  slices,  the 
largest  slice,  that  which  would  be  a  section  ^through  the 
center,  would  be  its  great  rirrle.  We  see  from  this  that 
the  circiiniferenee  of  a  sphere  equals  the  circumference 
of  its  great  circle. 

Tf  a  sphere  is  cut  in  half,  we  have  two  hemispheres. 
which  are  also  .'iingle-ha.ie  segments  of  a  sphere.  The  hemi- 
sphere at  the  bottom  and  the  segment  at  the  top  of  Fig. 
4  are  single-base  spherical  segments.  The  middle  part 
of  Fig.  4  is  a  spherical  segment  of  two  bases;  this  form 


is  also  called  a  zone  of  a  sphere.  The  aUitude  of  a  spher- 
ical segment  is  the  height  of  the  segment  or  the  great- 
est perpendicular  distance  between  its  bases.  The  radius 
of  the  base  of  a  spherical  segment  is  half  of  the  diam- 
eter of  the  base  which  is  a  circle ;  the  radius  of  the  upper 
base  of  a  single-base  spherical  segment  is  zero. 

Rule:  The  surface  of  a  spherical  zone,  or  segment, 
equals  its  altitude  times  the  circumference  of  the  great 
circle  of  its  sphere. 

Or,  stated  as  a  formula, 

.4   =  2  TT  /•  h 
where 

r  ^  Radius  of  the  sphere; 
/(  =  Height  or  altitude. 

The  proof  of  the  statement  is  evident  at  once  from 


Fig.  4 

the  demonstration  given  before  of  the  surface  of  a  sphere. 
Then,  each  of  the  unit  areas  considered  was  a  part  of  a 

zone  (a   r-^   part)   and  it  was  shown  that  each  of  these 

areas  equalled  one  having  a  base  r  multiplied  by  an  alti- 
tude that  is  the  same  as  the  zone  altitude.     These  areas, 

therefore,  each  equalled  r  X  h  and  since  they  were    ^^ 

parts  of  zones,  a  full  zone  would  be  2  tt  X  '^  ''..  as  was  to 
be  proved. 

Pl\ami)le:  A  sphere  with  a  radius  of  4  ft.  is  cut  by 
hvo  parallel  planes,  one  through  the  center,  the  other  2  ft. 
above  the  center,  forming  a  zone  or  spherical  segment 
of  two  bases.    What  will  be  the  area  of  the  zone? 

The  circumference  of  the  great  circle  of  the  .sphere 
from  which  the  zone  is  cut  will  be  the  circumference  of  the 
base  (if  the  zone  (because  it  is  a  great  circle).  This  times 
the  altitude  of  the  zone  gives  the  area,  or 

2  X  3.1416  X  4  X  2  =  50.2656  //.    Ans. 

Rule:  The  volume  of  a  sphere  equals  the  area  of  the 
surface  multiplied  by  one-third  of  the  radius.  Stated  as 
a  formula,  we  have, 

V  =  i  Sr 
where 

S  =  Surface  area  ; 
r  =  Radius. 

This  is  very  easily  proved  from  knowledge  we  already 
have.     It  depends  only  on  the  fact  that  the  volume  of  a 
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pyramid  is  eqiial  to  the  area  of  the  base  multiplied  l>y 
one-third  of  its  altitude.  Just  imagine  a  sphere  made 
up  of  a  very  large  number  of  pyramids,  all  of  the  same 
altitude,  with  their  apexes  all  at  the  same  point  (tho 
center  of  the  sphere) .  The  bases  of  the  pyramids  would 
then  form  roughly  the  surface  of  a  sphere,  and  perfectly 
so  if  the  pyramids  all  had  small  enough  bases. 

The  volume  of  a  group  of  pyramids,  all  of  the  same 
altitude,  would  be  equal  to  the  sum  of  their  base  areas 
multiplied  by  one-third  of  the  altitude.  And  there  you 
are,  for  that  is  Just  what  a  sphere  is,  only  we  call  the 
sum  of  the  bases,  the  surface,  and  the  altitude,  the  radius. 

Substituting  the  equation  for  the  surface  as  previously 

derived 

S  =  -i  TT  r- 

in  the  volume  equation  gives 

r  =  iX  i^>~  X  r  =  i  ^t'  =  i.lSSS/-^ 

Or.  in  terms  of  diameter  instead  of  radius  (r  being  equal 

'^\ 
to 


r  =  4Tr 


0.523(i  f?3 


Example:     Find  the  weight  of  a  cast-iron  ball.  15  in. 
in  diameter,  east  iron  weighing  O.sJB  li>.  i)cr  cu.in. 
Applying  the  last  formula  for  volume, 
T  =  0.5236  X  15  X  15  X  15  =  1767.15  ru.in.- 
and  the  weight  will  be 

1767.15  X  0.26  =  459.-159  lb.    Ans. 
Answers  to  L.\st  Week's  Problems 

(1)  898.56  lb. 

(2)  (a)   1304.29  gal. 

(b)  4.656  ft.,  closely  4  ft.  8  in. 

(3)  8.89  loads. 

(4)  The  slant  height  of  the  housing  is  11.1)45  ft. 
As  the  housing  has  no  flooring  and  nothing  is  allowed 

for  waste,  530.16  linear  feet  will  be  necessary. 

California  Engineers  Seek  State 
Regulation 

The  steam  engiueers  iu  California  are  taking  active 
steps  toward  improving  their  standing  by  securing  state 
regulation  of  their  work.  Kecently  a  meeting  was  held 
in  the  Pacific  Building,  in  San  Francisco,  which  was  at- 
tended by  delegates  from  30  organizations  of  steam  en- 
gineers for  the  purpose  of  considering  a  proposed  state 
license  for  the  craft. 

A  special  committee  appointed  to  look  into  the  matter 
submitted  a  draft  of  the  proposed  law,  which  was  ap- 
proved by  all  the  delegates  present.  This  measure  will  be 
submitted  to  the  coming  session  of  the  legislature  which 
will  meet  in  Sacramento  the  early  part  of  this  year.  It 
provides  for  the  examination  and  licensing  of  all  en- 
gaged in  steam  engineering  by  a  board  of  three  examin- 
ers, to  be  appointed  by  the  governor. 

A  vigorous  campaign  will  be  conducted  at  Sacra- 
mento in  support  of  this  measure  when  it  is  presented 
for  the  action  of  the  legislature.  Nothing  is  being  left 
undone  by  those  interested  in  this  movement  to  secure 
its  early  passage.  With  the  assistance  that  is  being 
solicited  of  the  central  labor  bodies  as  well  as  the  em- 
ployers' associations,  there  is  good  reason  to  believe  that 
the  outcome  will  be  successful. 


OVER    THE    SPILLWAY 

J  IT  ST      JESTS,     JABS,     JOSHES      AND     JUMBLES 


At  this  writing,  President  Taft  has  become  a  professor 
and  Professor  Wilson  the  President.  All  the  excited  populace 
is  hip-hipping  and  the  enthusiastic  press  hur-hurrahing; 
everybody  loves  his  neighbor,  the  good  times  are  here,  and 
the  goose  hangs  liigh,  all  because  Bill  steps  down  and  out 
and  Woody  steps  up  and  in.  But,  tomorrow!  Then  begins 
the  tinkle  of  .the  anvil  chorus.  The  populace  and  the  press 
take  their  respective  corners,  time  is  called,  the  battle  is  on. 
and  the  slugging  begins.  At  least,  this  has  always  hap- 
pened after  other  presidential  elections.  In  the  meantime — 
"John  Henry,  if  you're  goin'  to  work  today,  you'd  better  get 
up!" 


Geoi'ge    F.    Paul,    in    the    February    "Edison    Monthly. "    con- 
tends  that — 

The  whale  that  bolted  .Jonah  down 

Was  kept  awake  o'  nights 
By   hearing  Jonah's   frantic  cry, 

"Turn  on   the  'lectric  lights!" 

Nay,    nay,    fiiiMid    Paul,    the    "shut-down  "    must   have    really 
taken    place    when — 

The  whale  that  bolted  Jonah 

(Thereby  gaining  wide  renown) 

Threw  off  his  "load"  as  Jonah  said: 

"You  can't  keep  good  men  down!"  ' 


We  will  stand  for  tlie  boozoriums  being  called  "power 
houses"  and  their  output  "shocks"  and  "third  rails,"  but  we'll 
rear  on  our  hind  legs  it  the  lunch  counters  ever  adopt  the 
"2000-volt"  snack.  They  may  feed  invalids  this  dose  in  that 
gay  Paris — a  newspaper  says  so.  We  refuse  to  mix  our  busi- 
ness  with    our    pleasure. 

Our  government  has  given  the  tomato  first  place  in  the 
vegetable  kingdom  "because  it  can  be  prepared  in  a  greater 
number  of  ways."  We  once  questioned  the  preparedness  of 
a  luscious,  blood-red  tomato  coming  our  way,  just  bursting 
with  enthusiasm  and  over-development.  When  our  alabaster 
brow  had  bisected  its  line  of  travel,  we  changed  our  mind 
(and  our  habiliments).  Hail  to  King  Tomato;  it's  all  to  the 
catchup  when  bottled  up! 


Of  the  countless  words  written  in  eulogy  of  the  Father  of 
our  Country,  we  like  best  Artemus  Wards  epigram:  "G. 
Washington  never  slopped  over."  Which  thought  impels  us 
to  the  belief  that  this  Do-it-now  thing  should  give  place  to 
the  slogan  "Never  slop  over!"  Do-it-now  has. been  taken  too 
literally  by  people  who  are  always  doing  the  wrong  thing — 
and  by  absconding  cashiers. 


The  United  States  Supreme  Court  is  asked  to  decide  the 
question.  When  is  an  orange  ripe?  Having  solved  this  prob- 
lem, we  would  ask,  When  is  an  egg.  and  why?  We  have 
every  respect  for  a  young  and  tender  egg,  but  once  its  youth 
has  fled  and  it  evinces  strong  signs  of  the  decay  of  old  age 
— well,  some  court  of  last  resort  should  come  to  our  assist- 
ance. 


Surely  the  foreword  page,  "Engineers  of  Tomorrow,"  In 
this  issue,  must  bring  to  mind  your  boyhood.  Those  were 
the  days  when  mother's  empty  flour  barrels  disappeared; 
Dad  "cussed"  because  be  could  not  find  one  crooked,  rusty 
nail  to  mend  the  hencoop,  and  the  family  hammer  and  the 
bucksaw  were  left  in  the  yard  over  night  to  rust  in  the  dew; 
the  ax  got  9n  inch  "nick"  in  it  trying  to  cut  a  nail;  the 
new  bundle  of  shingles  for  that  leak  in  the  roof,  and  the 
laths,  were  gone;  those  barrel-hoops  for  the  tomato  plants; 
the  parlor-stove  pipe,  the  lantern  that  illumined  the  path  to 
the  barn,  the  screwdriver  to  hang  the  screen  door,  the 
monkey-wrench,  the —  Why,  Jimmy,  you  and  me  and  the 
AVilkins  boys  were  building  an  engine!  And  it  all  helped 
afterward,  for  Tommy  Wilkins  is  today  pulling  out  the  fast 
freight  on  the  X„  Y.  &  Z.;  Hen  'Wilkins  is  building  real 
engines,   and   you   and   me — well,   we're   "engineers   of   today." 
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Collapse  of  Fourteen-foot  Flume 


SYyOPSIS—;>huiUy  after  walrr  had  fillr,!  the  pipe  Ihr 
flume  collapsed  for  1000  ft.  of  Us  leiiglh.  Probable 
cause,  unbalanced  air  pressure. 

On  Feb.  IS,  a  new  14-1't.  steel  flume  of  the  Ualleville 
Hydro-eleetric  Co.,  located  at  Balleville,  Ohio,  whieh  is 
about  three  miles  from  Fremont,  partially  collaiised  for 
1000  ft.  of  its  length.  The  flume,  which  \va>  laid  on  the 
west  bank  of  the  Saiulusky  River,  rested  on  a  (h)ulilc  row 
of  concrete  piers  fitted  with  saddle  caps.  It  was  designed 
to  carry  the  water  from  the  dam  to  the  power  house,  some 
3000  ft.  distant,  under  a  head  of  30  to  40  ft.  The  ])n\ver 
plant  was  equipped  to  generate  6001)  kw..  whic  li  had  liecii 
contracted  for  i)\-  the  Lake  Shore  Electric  I'o. 


Irawing    sli 


the    design    of    the 


The    accompanying 
joint. 

The  photographs  show  what  hai)pened  to  the  flume.  In 
Fig.  1,  the  crosses  indicate  the  limits  between  which  the 
collapse  occurred.  The  maximum  drop  was  about  6  ft. 
In  Fig.  2,  the  fishplates  have  hecii  removed  and  the 
breaks  in  the  angles  near  the  joints  are  evident.  Fig  3 
shows  how  the  vertical  legs  of  the  angles  bui-klcd  at  the 
top  of  the  flume. 

Xo  data,  giving  the  grades  of  the  flume  along  its 
length,  are  availahlt.  Imt  fi-oui  the  photographs  it  would 
aiipear  that  the  run  .  Di'actii-ally  straight  with  a  uni- 
I'orm  droji  towai'd  the  phii,_  '  'dently  the  cause  of  the 
collapse  was  unl.ialamed  air  pres>,;i-..  between  the  interior 


Fig.    1.     COLI.AI'SE   of   the   FLUltE    OccfRRED 

liETWi;Ex   THE   Cuossi;- 


Fig.  2.   Fishplates  I?i::\i(iveii.  Showing  Breaivs  in 
SiTi-i'i:Ni\(;  Angles 


Water  was  turned  into  the  flume  for  the  first  time  on  and  outside  of  the  pipe.     Whh  a  s])aie  in  the  upper  por- 

'Feb.  18,  and  shortly  after  the  flume  had  filled,  the  col-  tion  of  the  pipe  not  filled   with  water,  from  some  cause 

lapse  occurred,  starting  at  a  point  about  2.30  ft.  below  the  aot  evident  from   the  meager  data   supplied,   a  vacuum 

head  gale  at  the  dani.     Following  are  some  details  of  con-  might  be  formed  so  that  a  difl'erence  in  pressure  could  ex- 

ijtrui-tinii  :  ist.  Only  a  few  ]ioiinds  per  square  inch  would  be  sufficient 


^'ff'^efy 


The  thickness  of  the  sheet  is  t^jx  in.,  with  girth  seams 
6  ft.  SI/,  in.  apart.  The  rivets  have  a  rliamr'lr-r  of  ■''s  in. 
on  2Vli-in.  pitch.  StilTening  angles  6x4.\-%  in.,  on  7- 
ft.  centers,  liad  been  placed  around  the  pipe.  These  were 
tied  togetlier  at  tlie  liorizonlal  diameter  with  fishplates, 
16  ill.  long  and  drilled  for  •|4-iii-  rivets  on  a  2%-ii].  pitch. 


to  causi'  the  a<ridciii.  Collapse  of  steel  conduits  of 
one-third  the  dianicter.  fnini  a  dillerenee  in  air  ])ressure, 
is  iioi  iincoinmiiii.  .\s  a  i  ase  in  |ii>iiil.  might  be  cited  the 
ariidcnls  whiih  onuired  in  \'.<\\  while  testing  Bull  Run 
conduit  No.  2.  then  being  laiil  tn  provide  an  additional 
supply  <if  water  lor  Port  land.  I 're.  The  line  consisted 
ol  2  1  miles  of  '12-  and  ll-iii.  |ii|)e  laid  |)arallel  for  the 
ino-i  part.  In  the  field,  it  was  eominon  to  lay  olT  4000 
to  lo.iilKi  ft.  of  the  pipeline,  '•ileail  end"  both  ends  of  the 
.section  and  lili  it  with  water.  .V  small  jnim]!  supplied 
with  steam  rr<ini  a  i)ortable  boiler  raised  the  ])ressure 
to  the  desired  point.  In  several  cases,  a  ru])ture  of  the 
line  occurred  from  excessive  iirossure.  This  allowed  the 
water  to  discharge  at  a  rapid  rate  and  the  u]i])er  extrem- 
ity, in  each  ca.s-,  colla|)se<l  from  external  air  jircssure. 

The  ]>ipeline  at    Balleville  is   1IW  in.   in  diaineler  and. 
]ier  lineal  inch,  would  jiresent  coiisidcialily  more  surface 
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than  the  Bull  Hxm  couduit.  It  is  quite  probable  that 
when  the  pipe  was  flowing  full  a  leak  may  have  suddenly 
developed  at  the  low  point  of  the  line.  For  the  time 
being  there  would  be  a  solid  body  of  water  filling  the  pipe 
in  the  vicinity  of  the  leak,  while  there  would  be  a  partial 
vacauun  at  the  high  point  of  the  pipe.  At  this  instant, 
the  excess  pressure  of  the  external  air  would  cause  the 
flume  to  collapse. 

An  opportunity  for  the  accident  would  also  be  presented 
when  the  water  was  shut  ofl  at  the  supply  end.  Suppose 
the  air  vent  near  the  dam  had  been  inadvertently  closed, 
or  that  its  area  was  not  great  enough  for  a  rapid  empty- 
ing of  the  flume  or,  perhaps,  due  to  the  contour  of  tlie 
pipeline,  it  was  effective  only  for  a  short  distance  along 
the  run,  the  pressure  within  the  pipe  could  be  less  than 
atmospheric  a  sufficient  amount  to  cause  the  collapse. 

In  either  case,  a  series  of  air  valves  opening  inward. 
or  standpipes  spaced  at  intervals  along  the  line,  would 
have  prevented  the  trouble.  In  the  construction  of  the 
pijieline.  a  continuous  cradle,  or  at  least  a  filling  between 
supports,  rather  than  the  piers  and  saddles  at  intervals, 
would  have  made  a  better  support  for  the  pipeViue  and 
would  have  tended  to  prevent  leaky  joints.  It  would 
have,  perhaps,  been  better  to  stagger  the  joints  on  the 
stiffening  angles,  and  heavier  fishplates  would  also  have 
helped  to  prevent  the  collapse. 

Rice  Regenerator 

An  apparatus  has  been  invented  and  developed  by 
John  Rice,  an  engineer  of  Boston,  Mass.,  which,  it  is 
claimed,  will  facilitate  complete  combustion  in  any  power 
boiler  by  creating  secondary  combustion.  By  means  of 
it  a  vaporized  mixture  of  oxidized  fuel  oil  is  atomized 
and  burned  in  the  path  of  the  gases  of  combustion,  re- 
heating, to  the  point  of  ignition,  any  gases  that  have 
escaped  m  imperfect  combustion  from  the  boiler  furnace. 


Rick   Regenerator 

On  a  return-tubular  boiler  the  atomizing  nozzle  is  in- 
serted through  the  rear  of  the  setting,  as  shown  in  the 
illustration,  to  produce  tlie  secondary  combustion  at  or 
about  the  point  of  the  first  turn  of  the  gases  from  the 
furnace,  and  the  additional  heat,  furnished  by  the  burn- 
ing of  the  fuel  oil  introduced  and  completion  of  com- 
bustion of  the  furnace  gases,  is  brought  directly  in  eon- 
tact  with  the  heating  sarface  of  the  tubes. 

It  is  claimed  that  complete  combustion  is  obtained  and 
smoke  eliminated,  as  a  result  of  reheating  the  gases  to 
the  point  of  ignition  when  supplied  with  the  necessary 
air,  and  that  the  deposits  in  or  on  the  heating  surface 
of  the  tul>es  are  materially  lessened,   insuring  a  better 


average  transference  of  heat  to  the  boiler.  Also,  that 
the  draft  is  increased  and  maintained  and  the  neces- 
sity of  using  any  artificial-draft  apparatus  is  done  away 
with.  The  apparatus,  it  is  said,  may  be  used  to  advan- 
tage to  meet  full-load  or  overload  demands  for  steam. 
I'he  cost  of  operation  will  depend  on  the  conditions,  but 
an  equivalent  improvement  is  declared  to  result  whatever 
kind  of  fuel  is  used. 

The  device  will  be  marketed  hy  a  new  company  being 
formed  in  Boston,  to  be  known  as  the  Rice-Watts  Co. 

Oil  vs  Coal  for  Fuel 

In  his  menioranduni  to  the  Executive  Committee  of  the 
Manchester  Steam  Users'  Association,  Chief  Engineer 
C.  E.  Stromeyer  discusses  the  question  of  the  use  of  oil 
instead  of  coal  for  fuel.  Consideration  of  the  problem 
was  suggested  owing  to  the  interests  of  members  being  af- 
fected l)y  the  iiatidiKil  coal  strike  in  Great  Britain. 

It  is  recalled  tiiat  aljout  three  decades  ago  an  enter- 
prising shipowner  adapted  the  furnaces  of  the  boiler  of 
one  of  his  coasting  steamers  to  burn  Scottish  shale  oil. 
The  economic  results  were  so  favorable  that  others  started 
to  burn  this  oil,  l)ut  as  the  Scottish  shale  oil  supply  was 
limited  prices  rose  to  a  prohibitive  figure  and  soon  all  the 
steamers  had  to  revert  to  coal.  Mr.  Stromeyer  uses  this 
as  an  illustration  to  show  that  if  American  and  Russian 
oils  were  suddenly  to  be  largely  used  instead  of  coal,  a 
similar  condition  of  things  would  arise.  His  conclusion 
is  that  the  general  use  of  oil  is  out  of  the  question  in 
countries  which  are  rich  in  coal,  except  under  exceptional 
conditions,  such  as  a  national  coal  strike. 

Recognizing  that  coal  varies  from  less  than  $8.50  for 
slack  near  the  colliery  to  well  over  $5  for  good  coal  in 
towns,  Mr.  Stromeyer  admits  the  difficulty  in  making  a 
comparison  of  prices,  but  submits  Table  1  giving  the 
relative  prices  of  oil  and  coal  if  equal  economical  results- 
are  to  be  obtained. 

TABLE  I.     RELATIVE  PRICES  OF  COAL  AND  OIL 
S  75      10  (X)      11 


Crude  oil  per  ton,  dollar: 
Crude  oil  per  gallon,  cer 
Good  coal  per  ton,  dollai 


12.50     13.75     15.00 
3  5  4  V  4   5  5  0  5.5  6.0 

G  50       7  .50       S  50       9.50     10.25     11.25 


At  briefly  stated  in  a  covering  letter  with  the  rulings 
prices  for  crude  oil  at  say  oc.  per  gal.,  the  price  of  coal 
would  have  to  rise  to  $9.50  per  ton  before  the  two  fuels 
would  be  equally  expensive  to  burn.  The  case  is  differ- 
ent when  the  oil  is  not  used  for  raising  steam  but  for 
generating  power  in  internal  combustion  engines ;  then  if 
the  price  of  crude  oil  be  again  taken  at  5c.  per  gal.  it 
would  be  profitable  to  use  this  oil  should  the  price  of 
good  coal  exceed  $3.75. 

Mr.  Stromeyer  expresses  the  view  that  even  if  the 
prices  of  coal  and  oil  should  come  into  harmony,  the 
latter  fuel  is  not  as  advantageous  as  would  at  first  sight 
appear.  He  says  that  with  suitable  sprayers  the  thermal 
efficiency  is  doubtless  relatively  high,  but  at  best  this  will 
allow  of  a  gain  of  only  about  5  per  cent.,  and  against  this 
has  to  be  set  the  disadvantage  that  high  efficiencies  are 
associated  with  high  furnace  temperatures  and  also  with 
such  boiler  troubles  as  bulges,  grooves,  etc.,  especially  if 
the  boiler  water  is  at  all  sedimentary  or  greasy.  Oil 
firing  advantages  are  the  ease  with  which  it  can  be  regu- 
lated and  the  absence  of  ashes  and  clinker,  but  oil  must 
be  burnt  in  brick-lined  combustion  chambers,  which 
suffer  from  the  intense  heat  and  have  to  be  frequently 
repaired  and  renewed. 
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To  show  that  where  steam  engines  can  be  replaced  by 
internal  combustion  engines  a  diiierent  economic  com- 
parison results,  Mr.  Stromeyer  gives  the  following  par- 
ticulars : 

Koughly  stated,  a  first-class  modern  steam  engine 
utilizes  about  13  per  cent,  of  the  available  heat  in  the 
coal,  resulting  in  say  1.6  to  1.7  lb.  of  fuel  per  b.hp.-hr. 
during  a  week's  work  of  55  hr.  If  the  boilers  are  to  be 
fired  by  producer  gas,  for  which  purpose  slack  and  dust 
can  be  used,  then  each  brake  horsepower  will  require 
about  2  to  2.2  lb.  of  coal.  Internally  fired  gas  and  oil 
engines  are  approximately  twice  as  efficient  as  steam  en- 
gines, which  means  that  they  utilize  about  25  per  cent, 
of  the  available  heat.  Crude  oil  being  37  per  cent,  better 
than  good  ordinary  coal,  oil  engines  should  use  only 
about  three-eighths  of  the  quantities  of  coal  mentioned 
above,  say  about  0.6  lb.  per  b.hp.-hr.  Then,  however,  as 
there  are  no  boiler  radiation  losses  over  night  a  material 
saving  results  and  the  oil  consumption  per  week  of  55  hr. 
may  be  about  0.5  lb.  per  b.hp.-hr.  Petrol  and  similar  in- 
ternal combustion  engines  would  require  about  0.4  lb. 
per  b.hp.-hr.  Gas  engines  have  also  about  the  same  effi- 
ciency as  oil  engines;  but  a.s  there  is  a  loss  of  about  20 
per  cent,  in  the  producers,  if  these  work  day  and  night, 
and  another  loss  of  quite  10  per  cent,  if  they  have  to 
stand  idle  overnight,  the  efficiency  of  gas  engines  is  only 
about  40  per  cent,  better  than  that  of  first-class  steam 
engines. 

Table  2  shows  the  relation  of  prices  per  ton  (to  secure 
equal  economy)  of  oil  and  coal  for  various  engines. 

TABLE  2.     RELATIVE  PRICES  OF  COAL  AND  OIL  FOR  VARIOUS 
ENGI.N'ES 

Crude  oil  for  Diesel  engine  .'$8.75  $10.00  SU  25  S12  50  S13  75  $15  00 
Petrol  for  Diesel  engine. .        11  00  12.50  14.00  15  50  17.25  18  75 
Coal  for  producer  gaa  en- 
gine       2.88  3.38  3.75  4   13  4  63  5  00 

Coal  for  gas  fired  boiler           2.12  2.38  2.62  3  00  3  25  3  50 

Coal  for  steam  engine 2  50  3.00  3  38  3  75  4   15  4  50 

In  further  discussion  of  the  problem  the  a]ipended  ex- 
tract from  the  memorandum  may  l)e  of  interest.  It  ought 
to  be  profitable  to  work  internal  combustion  gas  engines, 
for  although  gas  producers  can  be  fed  with  very  cheap 
fuel,  the  above  list  shows  a  profit  even  when  paying  15 
per  cent,  more  than  for  steam  coal.  The  reason  why  these 
engines  are  not  used  as  much  as  might  be  expected,  is  that 
they  are  not  self-contained  like  oil  engines,  but  are 
hampered  with  costly  and  troublesome  gas  producers.  To 
reduce  this  nuisance,  gas  might  be  produced  at  central 
stations  and  supplied  through  pipes  to  gas  engines  at  the 
works ;  but  that  means  that  factories  would  ^ave  to  be 
clustered  together,  which  is  against  the  present  tendency 
and  permits  for  large  pipes  would  have  to  be  obtained. 

One  additional  reason  against  gas  engines,  and  it  ap- 
plies equally  to  all  internal  combustion  engines,  is  their 
liability  to  give  trouble.  This  is  due  partly  to  the  very 
high  temperatures  of  the  ignited  oil  or  gas  mixtures, 
which  result  in  very  serious  dilficulties.  more  })articularly 
in  large  engines;  serious  troubles  are  also  traceal)le  to 
the  severe  and  sudden  shocks  a.ssociated  with  gas  and  oil 
explosions.  They  caused  trouble  enough  in  small  petrol 
engines,  and  are  so  serious  in  larger  engines  that  cer- 
tain dimensions  cannot  as  yet  be  exceeded,  which  means 
that  large  powers  can  only  l)c  obtained  by  a  large  number 
of  cylinders. 

No  mention  has  been  made  of  electricity,  for  it  is  not  a 
primary  power  but  merely  a  transmitter  of  power,  which 
means  that  steam  engines,  gas  or  oil  engines  or  water 


where  this  is  available,  would  still  have  to  be  used. 
Electricity  has  the  advantage  that  it  can  be  transmitted 
over  long  distances  through  small  wires,  so  that  if  power 
could  be  cheaply  produced  it  would  be  better  to  convert 
this  into  electricity  for  distribution  than  to  distribute  the 
gas  in  large  mains  to  the  surrounding  factories. 

However,  for  different  purposes,  heat  is  required  in 
factories,  and  if  one  boiler  is  required  it  may  as  well  be 
made  large  enough  to  drive  the  engine  or  be  associated 
with  one  or  more  boilers  which  can  all  be  worked  by  one 
stoker. 

Pratt  Institute  Exhibit  of    Evening 
Work 

The  annual  exhibit  of  the  work  of  the  evening  classes 
in  Pratt  Institute,  Brooklyn,  was  held  on  Monday  even- 
ing. Mar.  17,  from  8  to  10  o'clock,  and  was  open  to  the 
I'ublic.  The  exhibit  reflected  great  credit  upon  both  in- 
structors and  students  and  was  most  successful.  It  in- 
cluded the  work  of  both  men  and  women  in  drawing  and 
design,  applied  art,  applied  science,  sewing,  dressmaking, 
millinery,  household  arts  and  various  mechanical  trades, 
and  afforded  visitors  an  opportunity  not  only  of  viewing 
the  work  of  the  students  in  the  various  courses,  but  also 
of  inspecting  both  the  results  and  methods  as  well  as  the 
equipment  and  general  facilities  of  the  school  for  con- 
ducting this  kind  of  industrial  training. 

The  School  of  Science  and  Technology  provides  in- 
struction in  industrial  electricity,  technical  chemistry, 
mechanical  r'.rawiug  and  machine  design,  strength  of  ma- 
terials, stationary  engineering  and  power-plant  machin- 
ery, machine  work  and  tool  making,  carpentry  and  build- 
ing, pattern  making,  sheet-metal  work,  plumbing  and  ad- 
vanced  manual  training  for  teachers. 

Recovery  of  Coke  from  Ashes 

The  proposition  to  recover  the  combustible  remaining 
in  coal  ashes,  which  has  so  frequently  attracted  attention 
of  economists,  is  receiving  earnest  attention  in  (lermain 
where  it  is  said  150  million  tons  of  coal  are  burned  an- 
nually and  about  one-third  of  that  amount  is  burned  in 
furnaces  from  which  the  ash  and  cinder  would  yield  6  tc 
8  million  tons  of  residual  matter  containing  2  to  3 
million  tons  of  combu.stible  material.  A  mechanical  pro- 
cess for  separating  the  combustiiile  matter  from  ordinary 
boiler  and  household  ashes  has  been  designed  by  Adoliib 
F.  MuUer. 

An  experimental  plant  is  said  to  recover  38  tons  of 
coke  1^  to  2  in.  in  size  from  2000  tons  of  ordinary  boiler 
ashes.  Calorific  tests  have  shown  that  this  recovered  ma- 
terial, when  dry,  contains  about  84  i)er  cent,  combustible 
matter  and  has  a  thermal  value  of  about  6500  B.t.u.  per 
lb.  The  process  consists  in  first  crushing  the  ashes  and 
then  .separating  the  ingredients,  by  placing  Iheni  in  liquids 
of  different  specific  gravities.  The  slag  left  after  t.';'.- 
separating  praess  is  practically  free  from  any  com- 
bustible material  and  is  f'";iii(l  to  lie  an  excellent  ma- 
terial for  use  in  flic  mainiracturc  of  concrete 
blocks. 

The  inventor  of  the  iipi)aratiis  is  engaged  in  erecting  a 
commercial  plant  for  recovery  of  coke  and  slag  in  one 
of  the  suburbs  of  Berlin. 
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M  TIOIIX  \TIN(}  CURRENT   MACHINKIIY.      Hy    AVilliam    Bsty. 
'    l'ul)lished    bv    the    American     School     of    Correspondence, 

ciu.aijd.  1912.  Size,  6x10:  illustrated;  half  leather. 
Th.>  previous  editions  of  this  work,  as  one  ot  the  text- 
books of  the  American  School  of  Correspondence,  have  become 
so  well  known  and  so  generally  used  that  little  need  be  added, 
except  that  the  present  edition  contains  some  50  more  pages 
than  the  former,  and  the  text  has  been  rearranged  and  partly 
rewritten  to  cover  the  latest  practice  in  alternating-current 
work.  The  same  method  of  presentation  is  employed  and  the 
subject  is  successfully  handled  without  recourse  to  higher 
mathematics. 

DIESEL  ENGINES  FOR  LAND  AND  MARINE  WORK.  By  A. 
P  Chalklev.  Published  bv  D.  Van  Nostrand  Co.,  New- 
York.  1912^  Size.  9x5  in.;  226  pages;  illustrated;  cloth. 
Price,    $3,    net. 

During  the  fifteen  years  that  the  Diesel  engine  has  been 
in  commercial  use,  it  has  formed  the  topic  of  many  articles  in 
the  technical  press,  and  most  books  on  internal-combustion 
motors  have  devoted  more  or  less  space  to  the  subject;  usually, 
however,  in  a  very  general  way.  The  present  work  is  the  first 
attempt  at  an  exclusive  and  complete  treatment  of  the  sub- 
ject  m  book   form. 

Following  an  introductory  chapter  liy  Dr.  Diesel,  setting- 
forth  the  scope  of  the  Diesel  engine,  the  author  first  takes  up 
the  general  theory  of  heat  engines  with  special  reference  to 
the  Diesel  type  and  then  explains  In  an  elementary  manner 
the  working  of  this  type.  Constructive  details  are  next 
taken  up,  in  which  connection  the  principal  makes  are  de- 
scribed and  illustrated. 

A  particularly  instructive  chapter  is  that  wliii-li  deals 
with  the  installing  and  running  of  Diesel  engines.  This  is 
followed  by  a  chapter  on  testing,  which  contains  much  use- 
ful data  on  the  performance  of  these  engines. 

The  marine  type  receives  considerable  attention  and  the 
problem  of  reversing  arrangements  is  dealt  with  at  some 
length. 

The  subject  is  handled  in  a  simple  yet  comprehensive  man- 
ner, and  the  book  should  prove  a  i-eady  reference  foi-  engi- 
neers interested   in   Diesel   engines. 

AVATKR;  ITS  PURIFICATION  AND  USE  IN  THE  INDUS- 
TRIES. Bv  William  Wallace  Christie.  D.  Van  Nostrand 
Co.,  New  York  City.  Cloth  Sy^xS-in.;  79  illustrations; 
K   colored^  plates.      Pi-ice,    $2. 

Much  of  the  material  of  this  book  appeared  in  a  scries 
of  articles  in  "Industrial  Engineering  and  Engineering  Di- 
gest." To  this  the  author  prefaced  material  appropi-iately  in- 
troductory to  the  subject  and  he  has  systematically  linked 
together  the  ^leading  requirements  and  methods  of  purifica- 
tion of  -w^ater  in  such  a  manner  as  to  make  presentation  of 
the  subject  sufficiently  complete  and  comprehensive  for 
ail  owner  or  engineer  to  decide  upon  the  methods  of  purifica- 
tion and  type  of  apparatus  most  suitable  for  treatment  of 
water  for  the  leading  industrial   purposes. 

The  different  methods  required  for  pui-ilication  are  set 
forth  and  representative  apparatus  is  illustrated  and  de- 
scribed in  each  instance;  and  although  the  author  refers 
by  illustration  to  apparatus  furnished  by  different  manu- 
facturers, their  identity  will  be  apparent  only  to  those  who 
have  made  a  special  investigation  of  the  commercial  side  of 
the  subject. 

In  the  preface  it  is  stated  that  the  description  of  each 
manufactured  apparatus  referred  to  has  had  the  approval  of 
the  maker  and  all  information  has  been  brought  down  to 
the   present. 

Following  reference  to  the  sources  of  waters  and  the  im- 
purities found  in  water,  the  author  describes  in  detail  what 
the  impurities  will  do,  also  the  properties  of  water  required 
in  the  various  industries;  for  example,  concrete,  dyeing  and 
bleaching,  tanning,  ice  making,  laundries,  etc.  The  laundry- 
men  will  -ippreciate  the  pages  which  are  given  to  the  saving 
to  be  had  in  soap — from  use  of  water  softening  apparatus. 
A  number  of  analyses  are  given  and  the  results  obtained  in 
purifications  or  treatment.  Nearly  all  of  the  illustrations, 
which  are  82  in  number,  including  three  in  color,  clearly 
show  the  processes  referred  to.  The  leading  types  of  water 
softeners  and  the  peculiarities  of  the  different  machines  for 
different  purposes  are  described.  After  treating  cold  pro- 
cess softening,  the  hot  process  systems  are  taken  up,  giving 
the  chemicals  used  and  the  results  obtained  from  these 
systems. 

Another  chapter  gives  the  results  accomplished  by  water 
softening  in  different  parts  of  the  country  and  sufficient 
notes  of  the  analyses  of  the  water  to  get  some  idea  of  the 
benefits  of   treatment.      Pressure   filters  receive  attention,    dif- 


ferent strainers  used  are  illustrated  and  tables  are  given 
of  the  capacities  of  the  machines.  The  purification  of  water 
by  ozone  is  considered  and  reference  is  made  to  aeration, 
giving  the  nozzles  used  and  their  capacity,  notice  is  made  of 
methods  of  purification  of  water  by  sterilization  and  by  heat, 
and  by  distillation  and  data  given  on  storage  of  water,  and 
losses  from  surface  evaporation  in  different  parts  of  the 
country. 

Another  chapter  refers  to  drinking  water,  the  cost  of 
filtration,  the  i-esults  obt.ained,  and  the  costs  of  filtration  at 
some  of  the  largest  plants.  Open  gravity  filter  tanks  are 
illustrated,  and  tables  given  of  the  size  and  capacity  of 
the  various  filters.  Pui-ification  of  water  for  boilers  is  not 
specially  considered  in  this  book,  the  field  being  covered 
more  thoroughly  in  the  author's  earlier  book.  "Boiler  Waters. 
Scale.  Corrosion  and  Foaming";  but  in  one  of  the  chapters 
considerable  space  is  devoted  to  the  treatment  of  water  for 
removing  oil  carried  over  by  the  engine  exhaust  from  water 
to   be   used    for  boiler   feeding  and   other   purposes. 

Marine  practices  are  given  and  the  cost  of  pumping  wa- 
ter under  various  conditions  have  received  attention:  tlie 
author  quoting  figures  of  results  obtained  in  different  parts 
of  the  country  gives  the  cost  of  pumping  water  under  dif- 
ferent  heads  and   by   different   methods. 

The  last  chapter  gives  miscellaneous  tables  and  gen- 
eral information  useful  in  hydraulic  computations,  including 
a  table  ot  chemical  symbols,  atomic' weights,  cost  of  water 
works,  pipe  lines,  and  capacity  of  tanks  and  cisterns  of  va- 
rious sizes,   and   definitions   of  hydraulic   units. 

The  book  is  of  convenient  size  for  reference,  and  should 
prove  to  be  of  value  to  power-plant  engineers,  mill  owners 
and   engineering  students. 


B  (;  (;  K  vS     RECEIVED 


STEAM  ENGINEERING.  By  -William  K.  King.  John  Wiley 
&  .Sons.  Cloth;  450  pages:  614x914  in.;  illustrated. 
Price,    $4. 

ENGINEERING  DIRECTORY,  1913.  Crawford  Publishing 
Co.,  Chicago.  Leather;  1552  pages;  414x6%  in.:  illus- 
trated.     Price,    $5. 

EVOLUTION  OF  THE  INTERNAL  COMBUSTION  ENGINE. 
Bv  Edward  Butler.  J.  B.  Lippincott  Co.  Cloth;  237 
pages;   6xS%    in.;  illustrated.     Price.   .fS. 

ENGINEER'S  HAND  BOOK  ON  PATENTS.  By  William 
Macomber.  Little,  Brown  &  Co..  Boston.  Leathei-;  2SS 
pages;    i%xT%,    in.;    illustrated.      Price,    $2.50. 

THE    GASOLINE     ENGINE    ON    THE     FARM.       By    Xeno    W. 

Putnam.      Norman    W.    Henley    Publishing    Co.     Cloth:    527 

pages;   5i.t,x7i/o    in.;   illustrated.      Price,   $2.50. 
DESIGN    AND    CONS'ri;l-i"l'I'i.\    d'    S'l'KA.M    TURBINES.     By 

Harold    Medwa.\     .Maiiin        I  ,,,1,  u  n,  ,  n-     'iieeii    &    Co.    Cloth; 

372   pages;    7%xll    m  ,    ill  1..-1  -  .1 1 .  ,1        l'ii,e,    $S.50. 
STEAM    BOILERS.       By     KlI  «  u  d     I',     .Millii         .John     Wiley     & 

Sons.    New    Y'ork.      Second    and    third    edition    revised    and 

enlarged.       Cloth;    54  3    pages.     6x9    in.:     22S    illustrations: 

plates:    tables;    indexed.      Price.    $4. 


Conference    of    the     Society    for 
Electrical   Development 

The  fli-st  general  meeting  of  the  Society  for  Electrical  De- 
velopment was  held  at  the  Engineering  Societies  Building, 
New  Y'ork,  on  Mar.  4  and  5  for  the  purpose  of  discussing  and 
formulating    a    definite    plan    of    procedure. 

This  societ.v  i-epresents  the  cooperative  interests  of  cen- 
tral stations,  electrical  manufacturers,  jobbers,  contractors 
and  dealers,  the  purpose  being  to  promote  these  industries 
through  a  more  extensive  use  of  electricity.  Architects  and 
representatives  of  the  press  were  also  invited  to  join  the 
movement. 

President  H.  L.  Doherty.  in  his  opening  address,  spoke  of 
the  aims  of  the  society  and  said  that  $100,000  had  already 
been  subscribed,  but  that  it  was  hoped  to  raise  at  least  $200,- 
000  a  year  to  carry  on  the  work.  A  large  sum  would  be  ex- 
pended In  publicity  for  which  purpose  a  publicity  bureau  of 
the  society  would  be  established.  One  of  the  chief  duties  of 
this  bureau  would  be  to  keep  the  public  informed  of  the  great 
work  that  is  being  done  In  the  application  of  electricity  to 
various  Industries.  In  his  opinion  great  opportunities  lie 
ahead  of  the  central  station,  one  of  these  being  the  use  of 
electricity  on  the  farm.  Speaking  as  a  representative  of  large 
corporations  he  believed  that  the  present  sentiment  toward 
the   regulation    of  "big   business"   would    be    harmful. 

.lames  M.  'W'akeman,  general  manager  of  the  society,  next 
spoke  of  its  aims  and  pointed  out  the  need  for  cooperation 
in   the   commercial  side   of  electricity.     He  also  dwelt   to  some 
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length  upon  the  publicity  idea  and  also  suggested  that  tlie 
society  have  a  staff  of  trained  solicitors  which  could  be 
placed  at  the  service  of  the  smaller  electric  companies. 

Frank  H.  Galf.  of  the  General  Electric  Co..  then  read  a 
paper  on  "The  News  Value  of  Electricity."  He  pointed  out 
that  there  is  an  abundance  of  good  material  which  would 
make  interesting  reading  for  the  public,  but  that  this  must 
b<-  got  up  for  the  benefit  of  the  reader  and  not  from  the 
standpoint  of  the  advertiser.  He  also  urged  frankness  and 
publicity   upon   the   part   of  public  service   corporations. 

A  paper  on  "Electricity  and  the  Architect,"  by  P.  E.  Wallis. 
was  next  read  and  discussed.  This  was  followed  by  an  ad- 
dress by  Dr.  Talcott  Williams,  of  the  School  of  Journalism  of 
Columbia  University.  The  speaker  referred  chiefly  to  the 
work  that  is  now  being  done  at  Columbia  toward  preparing 
students  for  a  journalistic  career  and  said  /that  a  very  large 
part  of  the  course  was  devoted  to  the  fundamentals  of  phy- 
sics and  chemistry  so  that  the  student  would  b'e  able  to  com- 
prehend to  a  cerain  extent  such  technical  matter  as  he  might 
later   be   called    upon    to   report. 

The  next  spealver  was  T.  C.  Martin  who,  speaking  on  be- 
half of  the  National  Electric  Light  Association,  told  of  that 
organization's  attitude  toward  the  new  society,  the  two  hav- 
ing many  interests  in  common.  The  central  station  industry, 
said  Mr.  Martin,  is  now  doubling  itself  every  five  years  and 
anything  that  the  Society  of  Electrical  Development  can  do 
to  make  the  industry  double  at  a  more  rapid  rate  would  be 
of    mutual    interest. 

J.  C.  McQuiston.  of  the  Westinghouse  Electric  &  Manufac- 
turing Co..  next  read  a  paper  on  "Efficiency  of  Local  Adver- 
tising." He  referred  to  various  forms  of  "display"  adver- 
tising and  called  attention  to  the  moving-picture  machines 
as  an  excellent  means  of  arousing  the  public's  interest  in 
electrical   applications. 

Other  papers  read  at  the  session  were  "The  Sales  End."  by 
James  H.  Collins;  "Merchandizing  Cooperation."  by  W.  E.' 
Robertson,  of  the  Robertson-Cataract  Co..  and  "An  Electrical 
Advertising  Campaign.  '  by  ^V.  D.  McJunkin,  of  Chicago.  All 
the  papers   were   freely   discussed. 

The  conference  ended  with  a  banquet  at  Delmonico's  on 
the  evening  of  Mar.   5. 

Chief   Engineers    Club  of  Detroit 

.\  new  engineering  society,  the  Chief  Engineers  Club  of 
Detroit,  has  been  formed  in  that  city,  composed  only  of  en- 
gineers holding  a  first-class  city  license  and  employing  one 
or  more  licensed  assistant  engineers.  It  has  on  its  roll  most 
of  the  progressive  engineers  running  the  larger  plants. 
The  chief  boiler  inspector  of  Detroit  is  a  member  by  in- 
vitation. 

The  club  has  as  its  object  the  cultivation  of  good-fellow- 

.'ihip    among   the    local    chief   engineers,    by    lectures   and    dis- 

ission,  to  increase  the  efficiency  of  its  members.  It  will  meet 

•  ry  month   in   the   Wayne  County   Hank   Building. 

The   officers  for  the   ensuing  year  are:      -'.esident,   Charles 

Koehler,    Murphy     Power    Co.;    vice-president,    Charles    Mery. 

Fairview    Pumping    Station:     recording    secretary.    Harry    E. 

Page,    Hotel    St.    Claire;    financial    secretary,     Edward     Hall, 

Public    Lighting     Plant;     treasurer,     .Alexander    Kothe,     U.     S. 

Frumentum    Co.;    marshiil.     Charles    Oelhaar.    Voigt    Brewing 

IV,.:  alternate   marshal,    Harry  Stummell,   Kling   Brewing  Co.; 

fhairman    of    entertainment    committee.    Joseph    H.    Roberts, 

I'arke-Davis    Co.      Charles    .\.    Ellis,    of    the    Chamber   of    Com- 

?rierce  BIdg.,  was  unanimously  elected  to  fill  the  office  of  first 

|i;i.'<t-president. 


The   Glenlyon    Economizer   Explosion 

Since  thi-  account  of  the  ei  onnmizer  explosion  nt  the 
Olenlyon  Dye  Works.  Saylesville.  R.  I.,  was  printed, in  the 
issue  of  Jan.  2S.  a  thorough  investigation  has  been  made, 
but  without  any  more  definite  findings  as  to  the  cause.  It 
has.  however,  established  that  the  economizer  was  not  In- 
herently at  fault,  and.  In  Justice  to  the  manufacturer,  the 
following  letter  It  received   from  the  dye  works  Is  publlshi-d: 

In  reference  to  thi-  explosion  at  our  works,  which  occurred 
"n  the  nth  of  January  last,  we  regret  to  say  that  careful 
;iiTd  thorough  Investigation  has  failed  to  establish  the  exact 
cause. 

The  explosion  appar'-nlly  occurred  in  one  economizer, 
which  was  temporarily  out  of  service  for  .slight  repairs,  and 
we  think  that  In  some  way  sufficient  water  made  its  way 
into  this  economizer  to  .reate  the  pre.isure  which  caused  the 
explosif.n. 

We  could  locate  no  structural  defect  In  the  economizer  or 
weakness  In  the  castings,  and  feel  that  If  we  should  have 
further  use  for  apparatus  of  this  kind  to  utilize  waste  heat 
in  chimney  flue,  we  would  not  hesitate  to  order  a  Green 
economizer  for  the  pur|>nsi'. 


$1,000,000  Steam  Power  Plant 

Announcement  is  made  Ijy  C  K.  Jame.s.  of  the  Chattanooga 
&  Tennessee  Power  Co..  says  the  "Tradesman."  that  it  will 
begin  at  once  the  construction  of  a  $1,000,000  steam-power 
plant.  The  new  plant  will  be  operated  in  connection  with 
the  $S, 000,000  plant  now  being  erected  at  Hale's  bar  on  XU- 
Tennessee    River. 

The  capacity  of  the  plant  is  to  be  20.000  or  25.000  hp.  The 
purpose  is  to  guarantee  to  the  Chattanooga  ,&  Tennessee  River 
Power  Co.  the  maximum  capacity  of  its  Hale's  bar  plant  at 
all  seasons  of  the  year  and  all  stages  of  the  river.  W^ithout 
the  steam  power  the  expenditure  of  $8,000,000  at  the  lock  and 
dam  would  be  reduced  to  less  than  half  at  certain  stages  of 
the  river,  but  when  the  extra  $1,000,000  is  expended,  full  re- 
turns on  the  entire  investment  is  guaranteed  for  each  hour 
of  the  entire  year. 


SOCIETY    NOTES 


On  Thursday  evening.  Mar.  6,  Prof.  Charles  M.  Allen 
lectured  on  "Gasoline.  Its  Uses  and  .-Vbuses,"  before  the  En- 
gineers Club,  of  Boston.  The  subject  as  treated  created  much 
general  interest.  Prof,  .\llen  gave  demonstrations  of  the  ex- 
plosive and  non-explosive  qualities  '  of  various  mixtures. 
After  the  lecture  refreshments  were  served. 

The  combined  N.  .\.  S.  E.  associations.  Manhattan  and 
Bronx,  will  hold  their  annual  banquet  on  Thursday  evening. 
Mar.  27.  at  the  Broadway  Central  Hotel,  673  Broadway,  New 
York  City.  Good  speakers  and  entertainers  are  promised  and 
the  ladies  are  invited.  Tables  may  be  reserved  for  parties 
by  applying  to  the  chairman.  Tickets  may  be  secured  from 
.Samuel  I.  Schaff,  Fred  G.  Jolley.  William  M.  Logan,  Harry 
Marks  and  Fred   Felderman,  the  committee. 

Arrangements  have  been  made  to  hold  the  next  conven- 
tion of  the  Association  of  Edison  Illuminating  Companies  at 
the  Otesaga  Hotel,  Cooperstown,  N.  Y.,  Sept.  S  to  11.  The 
Otesaga  is  charmingly  situated  on  Otsego  Lake,  in  the  midst 
of  the  hilly  country  immortalized  by  J.  Fenimore  Cooper  in 
his  Leatherstocking  Tales,  and  offers  facilities  of  a  most  at- 
tractive nature  for  the  convention.  Special  arrangements 
are  being  made  for  through  railroad  service,  and  the  atten- 
tion of  members  is  directed  to  the  accessibility  of  this  resort 
by  automobile  through  the  Catskill  mountains.  Details  of 
trai^portation  and  automobile  maps  will  be  included  in  the 
convention  circular  to  be  issued  when  the  program  has  been 
assembled.  President  .\rthur  Williams  states  that  sugges- 
tions concerning  subjects  for  papers,  or  upon  other  matter.'-- 
which  may  add  to  the  value  of  the  meetin.g.  will  be  greatly 
appreciated. 


PERSONALS 


Charles  P.  Steinmetz.  past-president,  .\merican  Institute  of 
Electrical  Engineers,  consulting  engineer  of  the  General 
Electric  Co..  Schenectady,  N.  Y.,  has  been  awarded  an  Elliott 
Cresson  Gold  Medal  of  the  Franklin  Institute,  of  Philadelphia, 
"for  successful  application  of  analytical  methods  to  the  solu- 
tion of  problems  of  the  first  practical  iinpiirt:inee  in  the-  lie|,l 
of   electrical   engineering.  " 


The  annual  meeting  of  the  stockholders  of  the  Goulds 
Manufacturing  Co.  was  held  at  Seneca  Falls,  N.  Y..  Feb.  21. 
No  change  was  made  In  the  board  of  directors  and  the  fol- 
lowing officers  were  reelected:  President.  N.  J.  Gould:  vice- 
presidents.  D.  V.  Colby.  W.  D.  Pomeroy,  W.  E.  Davis.  W.  E. 
Dickey:  secretary.  H.  S.  Fredenburg:  Iniisurer.  B.  R.  Wells; 
assistant   treasurer.    E.   W.   Medden. 


A  bill  has  been  laid  before  the  Prussian  Diet  for  the  de- 
velopment of  water  power  on  the  upper  waters  of  the  Wescr. 
It  provides  for  an  expenditure  of  $2,142,000.  of  which  it  is 
proposed  to  spend  Immediately  only  $1,190,000  on  the  erection 
of  power  stations  at  Hemfurt  and  Helmlnchausen:  the  re- 
mainder will  subsequently  be  spent  on  the  construction  of  a 
power  station  at  Munden.  It  Is  estimated  that  the  three  sta- 
tions can  produce  41,000.000  kw.-hr.  annuall.v. 
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NEW     EQUIP  M  E  N  T 


ATLANTIC    COAST    STATKS 


The  Amherst  Power  Co.  has  purchased  the  plant  and  prop- 
erty of  the  South  Hadley  Falls  Power  Co..  South  Hadlev  Falls. 
Mass.  The  new  owners  will  construct  a  substation  and  in- 
stall new  equipment  in  the  plant.  Philip  Cabot.  Boston. 
Mass.,   is  president. 

Bids  will  soon  be  received  by  W.  S.  Pierce,  commanding 
colonel  of  the  U.  S.  armory  at  Springfield,  Mass.,  for  the 
•enlargement  of  the  boiler  house  and  the  installation  of  two 
new  boilers  in  the  armor.v. 

The  Webster  &  Southbridge  Gas  &  Electric  Co.,  Webster. 
Mass.,  will  install  new  boilers  and  a  new  steam  turbine  to 
double  the  capacity  of  its  plant.     H.  S.  Shaw  is  superintendent. 

The  trustees  of  the  Webster  State  Hospital.  Webster.  Mass.. 
has  asked  for  an  appropriation  of  $70,000,  for  the  installation 
of  a  new  power  plant.  John  L.  Coffln.  Northboro.  Mass.,  is 
chairman. 

Plans  are  being  considered  bv  the  board  of  water  com- 
missioners of  Black  River,  N.  T.,  for  the  installation  of  a 
new  water-works  system.  Charles  L.  Sevbold  is  president  of 
the  board. 

The  Hewitt  Rubber  Co.  is  having  plans  prepared  for  the 
Installation  of  a  power  plant  in  connection  with  its  establish- 
ment at  Kensington  Ave.  and  the  New  York  Central  R.R. 
Belt  Line,  Buffalo,  N.  Y. 

Plans  are  being  prepared  for  the  construction  of  a  boiler 
house  in  connection  with  the  plant  of  the  Augustine  Rotary 
Engine  Co.,  at  Elmwood  Ave.  and  the  Erie  R,R.,  Buffalo,  N.  Y. 

Sackett  &  Parke,  architects,  Syracuse,  N.  Y.,  are  preparing 
plans  for  the  construction  of  a  power  plant  for  the  Volnev 
Paper  Co..   at   Fulton.   N.   Y. 

The  proposition  to  issue  $20,000  in  bonds  for  the  improve- 
ment of  the  municipal  elecrtic-light  plant  at  Ilion.  N.  Y.,  is 
under   consideration. 

The  Syracuse  Crucible  Steel  Co.  of  America  is  considering 
plans  for  the  construction  of  a  boiler  house  and  transformer 
station  in  connection  with  its  new  steel  plant  which  it  is 
erecting  near  Halcomb  mills.  Syracuse,  N.  Y.  Specifications 
are  on  file  at  the  office  of  G.  M.  Black,  general  superintendent, 
Oliver  Bldg.,  Pittsburgh,  Penn. 

The  Public  Service  Co.,  Newark,  N.  J.,  will  make  extensions 
and  improvements  to  its  Plank  Road  electric  substation,  to 
cost  about  ?3000.  Farley  Osgood.  Newark,  is  general  super- 
intendent. 

The  citizens  of  Trenton,  N.  J.,  are  considering  the  propo- 
sition to  construct  an  electric-light  plant  to  supply  electricity 
for  lighting  streets  and  public  buildings.  George  La  Barr'e 
is   city  commissioner. 

The  city  council  of  Reading,  Penn.,  has  appointed  a  com- 
mittee to  investigate  the  feasibility  of  installing  a  municipal 
electric-light  plant. 

.SOVTHER>    ST.VTES 

The  Richmond  &  Henrico  R.R.  Co.  is  preparing  plans  for 
the  construction  of  a  power  plant  at  Richmond,  Va.,  to  cost 
approximately  $35,000.  C.  Simd-Bailey,  Richmond,  is  general 
manager  and  chief  engineer. 

A  franchise  has  been  granted  to  the  'O'illiston  Mfg  Co  to 
construct  and  operate  an  electric-light  plant  at  Williston.  Fla. 

The  city  council  of  Elizabethtown.  Kv..  has  decided  to  in- 
stall a  water-works  system  and  filtration   plant. 

Bids  will  be  received  by  the  board  of  public  works,  until 
Apr.  2.  for  the  construction  of  a  water-works  svstem  at  Madi- 
sonville,  Ky.     W.  J.  Dublin  is  secretary  of  the  board. 

The  Kentucky  Utilities  Co..  of  Lexington,  Kv.,  has  pur- 
chased the  power  plant  of  the  Middleboro  Electric  Light  Co 
Midleboro,  Ky..  and  is  planning  the  installation  of  new 
equipment   in  the  plant. 

Plans  are  being  prepared  by  the  Kentucky  Southwestern 
Electric  Ry.  Co.  for  the  construction  of  a  power  plant  at 
Paducah.  Ky..  to  supply  electricity  for  its  proposed  55-mile 
electric  railway. 

CEXTRAL    STATES 

The  Citizens'  Gas  Co..  Indianapolis.  Ind..  has  been  granted 
permission  to  expand  S12.972.  for  the  improvement  of  its  plant 
Two  300-hp.   boilersjR-ill  be  installed.  pi^ni. 

The  Indianapolis  Light  &  Heat  Co.,  Indianapolis,  Ind.  is 
considering  plans  for  the  installation  of  new  equipment  in  its 
power  plant. 

The  city  council  of  Bloomingdale,  Mich.,  has  granted  a 
franchise  to  M.  C.  Hawk  to  construct  and  operate  an  electirc- 
light  plant  at  Bloomingdale. 

An  appropriation  of  119.500  has  been  asked  bv  the  public 
lighting  commission  of  Detroit.  Mich.,  for  the  installation  of 
new  equipment  in  the  municipal  electric-light  plant. 

The  ciy  council  of  Hastings,  Mich.,  is  considering  the 
proposition  to  issue  S90.000  in  bonds  for  the  construction  of  a 
municipal   electric-light   plant. 

The  city  council  of  Marshall.  Mich.,  has  authorized  an  ex- 
penditure of  $1250,  for  the  improvement  of  the  municipal 
«lectric-light  plant.  ^ 

Plans    are    being  prepared     by    J.    Rollin    Grav,    engineer 

Chicago.   111.,  for  the  installation   of  a  water-work's  svstem   at 

Carpentersville,    111.  Estimated  cost.    $30,000.      M    D  "Baldwin 
IS  city  clerk.  ' 

The  construction  of  an  electric-light  plant  at  Decatur,  III. 
is  contemplated  by  Frank  L.  Suffern  and  associates. 

The,  citizens  of  Jacksonville.  Hi.,  will  hold  an  election  on 
Apr.  Id.  to  vot<  on  the  proposition  to  issue  $50,000  in  bonds 
for  the  construction  of  a  municipal  electric-light  plant 
Joseph  F.  Brennan  is  commissioner  of  public  property. 


The  citizens  of  Nokomis,  111.,  are  considering  the  proposi- 
tion to  install  an  electric-light  plant. 

The    Central    Illinois    Public    Service    Co..    of    Mattoon     111 
is   making   preliminary   arrangements   for   the   construction    of 
an   electric-light  plant  at   Perry,    111. 

The  village  board  has  granted  a  franchise  to  F.  T.  Mor- 
rison, of  Dixon,  111.,  to  construct  and  operate  an  electric-light 
plant  at  \\  arren.  111. 

The  proposition  to  issue  $15,000  in  bonds  for  the  construc- 
tion of  a  municipal  water-works  system  at  Palmyra.  Wis.,  is 
under  consideration.      L.   F.   Agen  is  city  clerk. 

•WEST    OF   THE    MISSISSIPPI 

Plans  are  being  considered  by  the  city  council  of  Fon- 
tanelle.  Iowa,  for  the  construction  of  a  municipal  electric- 
light   plant   to   cost   $7500. 

Bonds  for  $12,000  have  been  voted  for  the  improvement  of 
the  water-works  system  at  Lake  City,  Iowa.  A.  O.  Anderson 
is  engineer. 

The  citizens  of  Cedar  Falls.  Iowa,  are  considering  the 
proposition  to  issue  $50,000  in  bonds  for  ttie  construction  of 
a   municipal   electric-light   plant. 

Preliminary  arrangements  are  being  made  at  Early,  Iowa, 
for   the   construction   of  an   electric-light    plant. 

The  construction  of  an  electric-light  plant  at  Ossian,  Iowa, 
is   under  consideration.     Estimated   cost,    $S000. 

The  proposition  to  install  an  electric-light  plant  at  Grove 
City,  Minn.,  is   under  consideration. 

The  Central  Minnesota  Electric  &  Power  Co.  is  preparing 
plans  for  the  construction  of  an  electric-light  plant  at  Wav- 
erly,    Minn. 

The  construction  of  an  electric-light  plant  is  included 
amon.g  the  improvements  planned  by  the  citizens  of  Cimar- 
ron.   Kan. 

The  citizens  of  Augusta,  Kan.,  voted  to  install  a  municipal 
electric-light  plant  at  a  recent  election.  J.  R.  Switzer  is  city 
engineer. 

Bonds  to  the  amount  of  $6000  has  been  voted  for  the  pur- 
pose of  constructing  a  municipal  electric-light  plant  at  Blue 
Mound.  Kan.  E.  T.  Archer  &  Co.,  Kansas  City,  Mo.,  are  en- 
gineers-in- charge. 

Bids  are  being  received  by  the  city  of  Canton,  Kan.,  for 
the  construction  of  a  new  electric-light  plant. 

The  construction  of  an  electric-light  plant  at  Douglass. 
Kan.,  is  under  consideration.  Local  business  men  are  inter- 
ested in  teh  project. 

The  installation  of  a  new  generator  in  the  municipal  elec- 
tric-light plant  at  Topeka,  Kan.,  to  cost  $3000,  is  under  con- 
sideration. 

Bonds  to  the  amount  of  $20,000  were  recently  voted  for  the 
construction  of  a  municipal  electric-light  plant  at  Turon,  Kan. 

Plans  are  being  considered  by  the  city  oouncil  of  James- 
town. N.  D..  for  the   installation  of  an    electric-light   plant. 

The  construction  of  an  electric-light  plant  at  Mohall. 
N.    D.,    is    under   consideration. 

The  organization  of  a  company  at  Poplar,  Mont.,  to  con- 
struct and  operate  an  electric-light  plant,  is  being  agitated. 
Estimated    cost,    $3000. 

Albert  C.  Moore,  of  Joplin,  Mo.,  has  submitted  a  proposition 
to  the  city  council  of  Springdale.  Ark.,  to  install  an  electric- 
light  plant  and  water-works  system. 

The  citv  council  of  EUensburg.  Wash.,  is  considering 
plans  for  the  improvement  of  the  municipal  electric-light 
plant.     The  installation  of  additional  equipment  is  included. 

The  Elma  Light  &  Power  Co.  has  been  granted  a  franchise 
to  construct  and  operate  an  electric-light  plant  at  Elma. 
Wash. 

The  citizens  of  Friday  Harbor.  Wash.,  are  considering  a 
bond  issue  for  $14,000  for  the  installation  of  a  municipal 
water-works   system. 

The  Brvant  Lumber  Co.  will  build  a  new  boiler  house  In 
connection*  with  its  plant  at  3200  Fremont  Ave.,  Seattle.  Wash. 

The  capacity  of  the  power  plant  of  the  Pacific  Light  & 
Power  Co.  at  Wapato.  Wash.,  will  be  increased  by  5000  hp. 
D.   F.  McGee  is  chief  engineer. 

It  is  reported  that  bonds  to  the  amount  of  $20,000  have 
been  voted  for  the  installation  of  a  water-works  system  at 
Milwaukee,    Ore.      D.   P.   Matthews   is  village   recorder. 

The  power  plant  of  th<i^  Prairie  Light,  Power  &  Milling  Co.. 
Pr.iirie  Citv.  Ore.,  was  recently  destroyed  by  fire.  Estimated 
less.   $20,000.      R.   C.   Reese  is  interested. 

Extensive  improvements  to  the  municipal  electric-light 
plant  at  Alameda,  Calif..  Including  the  installation  of  addi- 
tional equipment,  are  being  considered.  Joseph  B.  Kahn  is 
superintendent    of   the    plant. 

Plans  are  being  prepared  for  the  construction  of  an  elec- 
tric-light  plant   atOreaaa    (Lovelosks   post-office),   Nev. 

The  plant  of  the  Elsinore  Electric  Light  &  Power  Co., 
Elsinore.  Calif.,  has  been  purchased  by  the  Southern  Sierras 
Power  Co.,  San  Bernardino.  Calif.  The  new  o'wners  are  plan- 
ning  extensive   additions    and    improvements    to    the    property. 

The  Chanslor-Canfit  Id  Midway  Oil  Co.  has  prepared  plans 
for  the  construction  of  two  boiler  houses  in  connection  with 
its  establishment   at   Fellows.   Calif.      Estimated   cost.    ?5000. 

The  Atchison.  Topeka  &  Santa  Ff  R.R.  Co.  is  planning  to 
enlarge  the  capacity  of  its  piecooling  and  ice-making  plant  at 
San  Bernardino.  Calif.  Estimated  cost.  $250,000.  G.  W.  Har- 
ris. Los  Angeles,  Calif.,  is  chief  engineer. 

The  Producers'  Mutual  Dairy  Association  will  erect  a  build- 
ing at  12th  and  K  Sts..  San  Diego,  Calif.,  to  be  equipped  with 
machinery  for  an  ice  and  cold-storage  plant.  Estimated  erst 
of  equipment,   $20,000. 

The  city  engineer  of  Santa  Monica.  Calif.,  is  preparing 
plans  for  the  installatio/i  of  a  new  municipal  water-works 
system.      Estimated   cost,    $76,000. 


£:iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiniiiiiiiiiii^^ 


aiiiiiiiiiiioiiiiiininiiimiiiminiiiiiiiiiiiiiNiiiiiiiuuiiiniiiiiiiiiiiiiiiiiiiiiiiiiiininiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiN 

Vol.  .i:  XEW  YORK.  MARCH  25.  ]!ii:] 


iiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiii II iiiiiiiiiiiiiiiiiiiii iiiiiiiiiiiiii iiiiiiiniiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiininiis 

Xo.  13 


Negligence  and  Procrastination 


THBY    are  few  who  have  not  heard  the 
fable  of  the  children  innocently  starting 
the    snowball,  which,  rolling  down  the 
mountainside,  attained  such  a  size  and  mo- 
mentum that  it  wiped  out  a  whole  village. 

This  story  contains  a  thought  and  a  warn- 
ing for  the  negligent  and  procrastinating 
engineer.  If  he  allows  the  little  leaks  and 
defects  in  his  plant  to  grow  in  size  and  num- 


trust  him  to  spend  the  money  needed  to  pull 
the  plant  out  of  the  mire. 

Often  it  takes  but  a  few  moments  to  per- 
manently repair  a  defect  which,  if  allowed  to 
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ber,  some  day  the  accumulated  mass  will 
gain  such  magnitude  as  to  engulf  the  plant, 
and  the  engineer  will  sit  beneath  the  debris, 
a.s  at  the  foot  of  the  mountain,  appalled,  his 
energy  and  volition  gone.  From  habitual 
disuse  he  will  be  unable  to  cope  with  the  prol)- 
lems  before  him,  and  worse  still,  he  will  doubt- 
less learn,  when  too  late,  that  his  inllucnce  with 
his  employers  is  lost  and  that  tliey  would  not 


continue,  would  mean  many  times  the  same 
work  and  perhaps  an  expensive  replacement. 
Then  too,  defects  multiply  rapidly  and  there 
is  the  more  serious  consideration  of  the  bad 
accident  that  ma)^  have  had  its  beginning  in 
a  comparatively  small  way. 

Negligence  and  procrastination  in  small 
things  culture  the  germ  of  indiflfercncc  in 
larger  and  more  important  affairs,  and  the 
engineer  who  sits  contentedly  by  and  fails  to 
attend  to  the  little  defects  in  his  plant  is 
paving  the  way  for  his  own  downfall  and  an- 
other's opportunity. 

[/''.  C.   Holly,  Memphis.  Tniii.] 
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Appalachian   Hydro-Electric  Development 


By  Warren  0.  Rogers 


SYNOPSIS — This  development  will  consist  of  five  poiver- 
plant  installations  on  the  New  River,  Va.  Two  of  these 
have  been  complefed  with  a  total  electrical  output  of  29- 
OOO  hp.  When  the  five  plants  are  in  operation  the  corn- 
lined  output  will  be  75,000  hp.  Vertical  water  turbines, 
of  the  single-runner  type,  are  directly  connected  to  in- 
ternal revolving-field  alternating-current  units,  generat- 
ing current  at  1-3,200  volts. 

Among  the  livdro-electric  developments  of  the  South, 
worthy  of  special  notice,  is  that  of  the  Appalachian  Power 
Co.     This  company  was  organized  in  May,  1911,  to  de- 


000   hp.     Already   developments  Nos.   2   and   4,  with  a 
combined  output  of  29,000  hp.,  have  been  completed. 

Development  No.  2  consists  of  a  dam,  the  main  spill- 
way of  which  is  504  ft.  long  and  the  low  spillway  198  ft. 
long.  The  power  house  is  built  in  one  end  of  the  dam, 
the  overflow  of  which  is  approximately  50  ft.  in  height. 
The  dam  is  built  directly  across  the  river.  An  auxiliary 
spillway  above  the  power  house  has  been  constructed  by 
cutting  through  a  ridge  and  discharges  into  a  natural 
sluiceway  back  of  this  ridge;  this  saved  approximately 
200  ft.  of  dam  work.  The  clam  is  concrete  and  the  power 
house  brick  and  steel.     There  are  five  hand-operated  and 


Fig.  1.   View  of  No.  2  Plant  and  Spillway  Dam  froji  Above 


Fig.  2.    No.  2  Power  Plant  and  Spillavay-  from  Below 


velop  the  water  power  of  the  New  River,  Va.,  and  dis- 
tribute it  by  electric  transmission  through  southwestern 
Virginia  and  southern  West  Virginia. 

^Xhen  completed,  this  development  will  consist  of  five 
dams  and  power  houses  to  be  known  as  Nos.  1,  2,  3,  4  and 
5.  They  will  all  be  built  on  the  New  River  in  Carroll  and 
Pulaski  Counties,  Va.  The  aggregate  water  head  will  be 
225  ft.  and  the  total  capacity  of  tlaese  plants  will  be  TS,- 


cne  motor-operated  6x30-ft.  Tainter  gates  in  the  main 
spillway  dam.  and  nine  spans  of  flashboards.  The  low 
spillway  dam  has  six  spans  of  flashljoards,  which  can  be 
applied  to  a  height  of  8  ft.  The  total  length  of  spillway 
is  702  ft.  There  is  also  a  sluice  duct  for  passing  drift 
WO' id  at  the  end  of  the  power  house.  The  tailrace  is  400 
ft.  long,  90  ft.  wide  and  has  an  average  depth  of  12 
ft.    Approximately  11,000  eu.yd.  of  excavation  was  made. 
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Power  House  Xo.  2 

There  are  four  5000-lip.  (electrical)  vertical-shaft  units 
iu  this  power  house,  a  view  of  which  from  above  and  be- 
low the  clain  is  given  in  Figs.  1  and  2.  The  waterwheels 
are  of  the  single-runner  Francis  type.     The  wheel  rests 


25-ft.  motor-operated,  screw-actuated  sluice  gates.  With 
the  fiashboards  iu  place  the  average  head  of  water  to  the 
wheels  is  .53  ft.  The  Tainter  gates  and  ilashboards  are  for 
storing  the  water  and  regulating  the  head.     By  this  ar- 

'  I 


Fk;.  3.    C'oxcKETE  Wheel  Pit 


Fig.  i.   Ckoss-sectxon  of  Spillway  D.\m.  Xo.  4 
Developxiext 


on  a  circular  concrete  foundation,  and  water  enters  the 
wheel  casing  through  a  spiral-shaped  casing  formed  iu 
the  concrete-  of  the  foundation.  This  construction  is 
shown  iu  Fig.  3,  which  is  a  view  in  the  wheel  pit. 

These  four  waterwheels  are  coupled  by  vertical  shafts 
to  four  IrOOO-kw..  13.200-volt.  three-phase.  fiO-cycle  gen- 


rangement  ample  water  t-an  be  stored  above  the  dam  for 
operating  the  plant  at  any  daily  load  factor. 

Exciteh  Units 

Between  Xos.  2  and  3  generators  are  two  water-turluue- 
driven  exciter  units.     The  wheels  are  of  the  inward  dis- 


Vic.  ').    1'l.\x  of  No.  2  1'owkr  Horsi-: 


erators  of  the  iiitomal  revf)iviiig-fiold  type.  Thr  speed  is 
110  r.i).m.  The  water  from  the  wheels  di.icharges  through 
wmcrete  draft  tul)es  intt)  the  tailrace  in  the  river  bed. 
Water  is  admitted  to  the  waterwheels  through  eight  1-lx 


charge,  single-runner  type  and  are  rated  at  130  lip.  earh. 
They  are  .set  vertical  and  are  shaft  connected  to  two 
60n-anip..  direct-current.  250-volt  generators,  running  at 
330   r.p.m.     Tlie  speed  of  the  units   is  controlled   by  a 
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Fig.  6.   Paxoramic  View,  Showing  Xo.  4  Power  Plant, 


special  type  of  oil-actuated  hydraulic  governor.  The  same 
type  of  equipment  is  installed  in  Xo.  4  power  plant,  the 
only  dillereuce  being  that  in  the  latter  plant  the  two  ex- 
citer units  are  located  at  one  end  of  the  generator  room, 
and  are  of  slightly  smaller  capacity. 

Oil   Pr:\[ps 

Both  power  hou.ses  contain  two  triple-plunger,  motor- 
driven  oil  pumps  for  operating  the  governors.  The  motors 
are  of  the  induction  type  and  of  25  hp.  capacity.  They 
operate  with  three-phase,  60-cycle  current,  of  320  volts, 
at  a  speed  of  845  r.p.m.  The  motors  are  gear  connected 
to  the  pump  crankshaft. 

-Vlli    t  OPPRESSORS 

A  Ti,4x%s6-in.  motor-driven  air  compressor  is  at  one 
side  and  at  one  end  of  each  plant.  The  10-lip.  motor  is 
of  the  induction  type.  It  operates  with  three-phase,  60- 
cycle,  220-volt  current,  at  a  speed  of  1143  r.p.m..  and  is 
gear  connected.     The  air  is  used  to  maintain  a  uniform 


pressure  of  2ii0  lb.  in  the  tanks  of  the  oil  system  sup- 
plying the  turbine  governors. 

Xo.  2  building  is  brick  witii  concrete  foundations.  It 
is  1621/2  ft.  long  and  8!)i/2  ft.  wide  from  the  rack  to  the 
end  of  the  draft  tube.  As  the  electrical  equipment  is  prac- 
tically the  same  in  both  plants  the  description  of  Xo.  2 
installation  will  apply  equally  well  to  Xo.  4. 

A  cross-section  of  Xo.  2  spillway  dam  is  shown  in 
Fig.  4.  an(l  a  plan  view  of  NO.  2  power  house  in  Fig.  5. 

Xo.  4  UE\i;i,op.Mi:\T 

Although  Xo.  4  development  is  the  snuUler  of  the  two, 
it  is  of  no  less  interest.  It  is  between  Mountain  Island 
in  the  Xew  River  and  the  river  bank.  The  spillway  dam 
is  at  the  upper  end  of  the  island,  extending  from  the 
south  shore  of  the  island  to  the  south  shore  of  the  river ; 
the  power  house  is  at  the  other  end  of  the  island  and  it 
and  its  dam  extend  from  the  north  end  of  the  island  to 
the  north  liank  of  the  river.  The  island  thus  forms  a 
natural  headrace  to  the  power  house. 


Fig.  7.   Xo.  4  Power  Plaxt  fro:m  above  the  DA:\r 
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ITeadiiace  axd  Spillway  Dam  o\  the  Xi:\v  Iiivicii,  Va. 


The  spillway  dam,  which  is  built  across  the  maiu  chan- 
nel of  the  river,  is  1005  ft.  long.  It  has  six  spans  of 
Tainter  gates  and  Si  spans  of  flashboards  designed  for  61^ 
ft.  height.  This  dam  diverts  the  water  to  the  power  house 
which,  with  the  retaining  dam,  is  at  the  lower  end  of  this 
natural  headrace. 

Below  the  power  house  is  a  tailrace  1900  ft.  long,  60 
ft.  wide  and  13  ft.  deep.  This  necessitated  the  removal 
of  66,000  cu.yd.  of  rock.  This  tailrace  provides  for  an 
additional  head  of  15  ft.,  giving  a  total  average  head  of 
38  ft.  Fig.  5  is  a  general  plan  of  Xo.  -t  development.  Fig. 
6  a  panoramic  view  of  the  headrace,  spillway  dam  and 
power  plant,  and  Figs.  7  and  8  are  views  from  above  and 
below  Xo.  4  power  house.  The  building  is  a  brick  and 
steel  superstructure,  126  ft.  long  and  34  ft.  4  in.  wide, 
with  a  solid  concrete  foundation.  The  equipment  com- 
prises three  3000-hp.  units,  with  vertical-shaft,  single- 
runner  waterwheels. 

Mounted  on  the  upper  ends  of  the  shafts  of  these  wheels 
are  three  2300-kw..  13,200-volt,  three-phase,  60-cycle,  in- 
ternal-wound, revolving-field  generators ;  the  speed  of 
each  is  97  r.p.m.    Fig.  9  is  a  cross-section  of  Xo.  4  power 


house.  Figs.  10  and  11  are  views  of  the  generating  units 
in  plants  Xos.   3  and  4. 

The  special  type  of  double  floating-lever  governor  used 
is  operated  from  the  generator  shaft,  by  bevel  gears  and 
.shafting.  It  is  oil  controlled,  and  operates  a  piston  and  a 
lever  connected  to  a  rocking  ring  above  the  outer  casing 
of  the  waterwheel.  The  rocker  ring  operates  the  arms 
attached  to  the  stems  of  the  20  gate  vanes  set  in  the  in- 
lets of  the  waterwheel  casing.  As  the  sj^eed  of  the  w^heel 
increases  the  governor  closes  the  gate  vanes  enough  to 
shut  off  the  flow  of  water  to  the  wheel  and  to  maintain  a 
constant  speed.  If  the  wlieel  tends  to  slow  down  the 
vanes  are  opened. 

The  exciter  waterwheels  have  14  gate  vanes,  similarly 
controlled.  The  generating  and  exciter  units  in  both 
plants  are  governed  in  the  same  way.  The  shaft  of  each 
unit  is  hung  on  roller  bearings  at  the  top  w^ith  two  steady- 
ing bearings  below  the  generator.  These  bearings  are 
lubricated  by  a  gravity-flow  oil  system,  oil  from  the  bear- 
ing flowing  to  a  well  and  is  ]iumped  to  the  bearings 
again  by  a  small  rotary  pump,  helt  driven  from  the  gen- 
erator shaft. 


Fio.  8.  Xo.  4  PowKu  Plant  fhom  below  the  Da  a: 
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The  waterwheels  operate  with  a  head  of  38  ft.  Water 
is  admitted  from  the  headrace  to  each  wheel  pit  through 
two  lJ:x25-ft.  motor-operated,  douhle-screw  lift  gates.  The 


m.-^ 


concrete  balcony  above  the  switchboards.  The  field  rheo- 
stats are  on  the  balcony,  also  the  lightning  arrester  with 
the  helical  choke  coils  on  the  two  Xo.  000,  13,200-volt 


Fig.  9.    Cross-sectiox  of  Powki:  House  Xo.  4 

wheels  set  on  a  concrete  base,  the  walls  of  which  are  i 
ft.  thick,  -n-ith  a  draft  tube  in  the  center. 

Each  generator  is  equipped  with  an  indicator  to  show 
the  gate  opening,  also  a  speed  tachometer.  In  case  of 
accident  to  the  governor  and  when  starting  up  the  ma- 


^w^^'^^^i^^^y 


Fig.   1-2.    ShXTiox  thkough   Scbstatioj.' 

lines  which  extend  to  the  transformer  house  near  Xo.  2 
plant. 

Exciter  Units 

Both  exciter  units  are  at  the  end  of  the  generator  room. 
Each  is  of  250  kw.  capacity  and  generates  250-volt  cur- 


FlL..    111.     Xu.    •-;;    <Ti..\Eli.VTOIi  UxlTj 


Fig.  11.   Xu.  -i  (.iKXEUAxui;  Uxits 


chines,   the   flow   of   water   to   the   waterwheels    can    be 
controlled  by  hand. 

Electrical  Control  ArrARATrs 

In  both  plants  the  switchboard  apparatus  controls  only 
the  generators.  The  switchboards  are  at  one  side  of  the 
building.  Back  of  them  are  the  busbars,  in  concrete  iso- 
lated compartments.  All  oil  switches  are  remote  con- 
trolled and  are  of  13,200  volt  capacity.    They  are  on  the 


rent.  The  waterwheels  are  of  the  inverted,  single-runner 
Francis  tj-pe,  each  of  250  hp.  capacity.  The  oil  pumps 
and  air  compressor  are  of  the  same  design  and  size  as 
those  of  the  Xo.  2  development. 

Transformer  House 

Electrical  energv^  from  both  power  plants  is  carried  liy 
overhead  lines  supported  by  wooden  poles  to  the  step-up 
transformer  house  adjacent  to  Xo.   2   development.     A 
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■cross-section  is  shown  in  Fig.  12.  Here  the  electrical  en- 
ergy is  transformed  from  13,200  to  88,000  volts  and  dis- 
tributed over  the  high-tension  transmission  system.  This 
transformer  house  is  designed  for  ultimate  extension,  so 
that  all  of  the  power  from  the  Nos.  1,  2,  3  and  4  develop- 


lines  outgoing  from  the  transformer  house,  one  direct  to 
Galax,  one  to  Wytheville  and  on  the  same  poles  with  the 
first  of  the  higlier  tension  lines,  and  one  to  Hiwassee, 
mounted  on  the  same  poles  as  the  second  of  the  higher 
tension  lines. 


Fig.  13.  Choke  Coils 


Fig.  14.   6000-kv.-a. 
Tkansformers 


Fig.  15.  Single-phase 

Teansfokmers 


Fig.  16.    Oil  Switches 


ments  will  concentrate  at  this  house  and  be  regulated 
and  distributed  from  it.  Fig.  13  illustrates  the  arrange- 
ment of  the  choke  coils. 

At  present  there  are  four  6000-kw.,  water-cooled,  three- 
phase  transformers  (Fig.  14)  with  13,200-volt  primaries 


The  company  has  a  large  distribution  system  in  the 
Pocahontas  coal  fields  radiating  from  the  Switchback  and 
the  Coalwood  substations.  There  a  number  of  contracts 
have  been  made  with  collieries  to  provide  power  for  their 
coal-mining  operations.     This   is   probably  the   first   iu- 


MECHANICAL  equipment  of  NOS.  2  AND  4  PL.ANTS  OF  THE  APPALACHIAN  POWER  CO. 


Purpose 

Kw. 

Volts 

Amp. 

Main  units 

Exciter  units 

Main  units 

4000 

13,200 

2300 

13,200 

Exciter  units 

250 

250 

1000 

250 

250 

600 

Main  units 

Exciter  units 

Oil 

Oil  pumps 

220 

70 

Compressed  air 

Air  compres'?or3 

220 

Equipment  Make 

1 

Water  wheels )  Francis 

/  Alt.  current 

Generators '. 

I  Direct  current 

Governors J  Hydraulic 

Pumps Plunger 

Motors Induction 

Compressors Motor  driven 

Motors Induction 


and  88,(iOO-v()lt  scroiularies,  together  with  the  various 
regulating  and  controlling  devices,  consisting  of  21  oil 
switches,  all  remote  control,  and  12  lightning  ar- 
resters on  a  balcony  over  the  transformers.  The  bus- 
bars are  in  concrete  isolated  compartments;  the  trans- 
formers are  on  trucks  and  can  be  rolled  out  of  their  bays 
if  it  becomes  necessary. 

The  low-tension,  13,200-volt  inlet  lines  enter  the  house 
1")  ft.  above  the  main  floor;  the  high-tension  88,000-voll 
outlet  line^  are  o!)!^  ft.  above  the  floor.  The  transform- 
ers are  delta  connected  on  both  sides.  Figs.  15,  16  and 
17  show  oil  switches,  single-pha.se  transformer,  and  the 
switchboard  of  the  traiisformer  station.  The  latter  is  on 
the  ground  floor. 

From  the  transrornuf  hoiise  there  are  three  outgoing 
88,00()-volt  lines.  One  extends  to  Switchback  via  Blue- 
field.  The  second  goes  direct  to  Koanokc,  liut  there  is  a 
branch  from  this  liiu'  near  Pulaski  going  through  Pul- 
aski and  on  to  Bluefield  ami  Switchback.  This  provides 
fl  double  circuit  into  Switchback.  The  third  high-tension 
line  runs  direct  to  Saltville.  There  is  also  a  high-tension 
line  connecting  the  Switchback  and  the  Coalwood  sub- 
stations. 

Tn   adilition   there  are  three   13,200-volt   transmission 


-les  R.p.m. 

Hp. 

116 

3500 

97 

3000 

360 

430 

330 

250 

D         116 

D           97 

360 

330 

Manufacturers 
Morris  Co. 


General  Electric  Co. 


1,  Lombard  Governor  Co. 


Deane  Steam  Pump  Co. 
Westinghouse  Electric  and  Mfg. 


7ix!xO" 


FlO.   17.     SunSTATION  SWITCIIBOAKD 

development    has 


stance    where    a    water-powc 
jiower  to  coal  mines. 

The  cnm])any  also  operates  II 
of    Marion,    Wytheville,    Pulaski 


ntiliti 
Bliiclii 


Id.    I 


;i    supi)lie<l 

the  towns 
ocahontas. 


408 


POWER 


Vol.  37.  Xo.  12 


^Yek■h  and  Keystone.  It  also  sell?  power  to  the  Roanoke 
Railway  &  Light  Co. 

In  addition  to  the  hydro-electric  plants  there  is  a  7500- 
hp.  steam  plant  at  Switchback,  W.  Va.,  which  has  been 
leased  by  the  company,  and  will  be  used  as  a  reserve  sta- 
tion and  to  supplement  the  power  from  the  hydraulic  de- 
velopments. This  steam  reserve  will  be  in  addition  to 
that  available  from  the  various  steam  plants  of  the  utili- 
ties purchased  by  the  power  company,  and  also  to  the 
steam  power  available  from  the  steam  plant  of  the  Roa- 
noke Ry.  &  Light  Co.  The  map.  Fig.  IS,  shows  the 
water  power,  transmission  line  and  district  served  by  these 
liydro-electric  developments. 

Yiele,  Blackwell  &  Buck,  of  New  York  City,  are  tiie 
consulting  engineers;  and  built  the  hydraulic  develop- 
ments and  the  high-tension  transmission  lines  and  sub- 
stations, n.  M.  Byllesbv  &  Co.,  of  Chicago,  are  the  en- 
gineers aufl  managers  of  the  company  and  built  all  the 
low-tension  distribution  system  in  the  coal  field  and  in 
the  different  towns  which  are  now  being  supplied  by  the 
company. 


Numbers  2.4  Indicaie  Present  Water  Power  Developments 

"       l,3,5.fc-       "       Proposed  Future  Water  Power  Developments 
— ^— ^^   indicate  Present  Transmission  Lines 

"  Proposed  Future  Transmission  Lines 

0  40         60        120 

WILES  » 


Fig.  18.   Map  Showing  Powi;r  Plants,  Transmission 
Lines  and  Districts  Served 


How  Many  Boilers  to  Operate 


By  G.  B.  MiLLOY* 


SYNOPSIS — When  the  rate  of  feed  is  known,  the  chart 
gives  the  number  of  boilers  to  be  operated  at  full  rating 
as  desired. 

In  Armour  &  Co.'s  Chicago  plant,  at  the  Union  Stock 
Yards,  the  steam  for  power  and  factory  purposes  is  gen- 
erated by  thirty-two  375-hp.  Wickes  vertical  boilers.  A 
three-stage  Allis-Chalmers  centrifugal  pump,  having  a 
rated  capacity  of  1200  gal.  per  miu.  and  direct-connected 
to  a  Kerr  turbine  discharges  the  feed  water  through  an 
8x4-in,  extra-heavy  Yenturi  tube.  The  flow  through  the 
latter  is  registered  by  a  type  "M"  indicator  and  recorder. 
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PowtH     •  Per    Gent,   of     Load     on    Boilers. 

Chart  Show-ing  Xi'mbee  of  Boilers  to  Operate 

The  fact  that  this  instrument  is  arranged  to  indicate  in- 
stantaneous flow  as  well  as  graphically  record  the  fluctua- 
tions in  the  load  carried  throughout  the  24  hr.  makes 
it  a  desirable  form  of  meter. 

'Engineer  of  tests   for   Armour  &   Co. 


Due  to  the  absence  of  any  mechanism  or  projection 
within  the  Yenturi  tube  the  flow  of  water  is  unobstructed 
and  this  is  desirable  in  any  method  of  boiler  feeding. 
From  a  curve  which  is  supplied  with  each  meter  a  cor- 
rection factor  enables  the  observer  to  determine  the  cor- 
rect flow  throughout  a  wide  range  of  temperatures. 

Xot  long  after  the  installation  of  the  meter  the  value 
of  the  data  yielded  was  better  recognized  and  extensive 
use  was  made  of  it.  Previously  there  had  existed  no  means 
of  accurately  determining  just  how  many  boilers  were  re- 
quired to  carry  the  load  or  within  what  per  cent,  of  rating 
the  boilers  singly  or  collectively  were  working.  Under 
ordinary  conditions  there  is  a  certain  load  with  which  the 
best  results  are  obtained  from  any  given  boiler  and  when 
it  so  happens  that  the  steam  for  a  given  plant  is  gen- 
erated by  a  battery  of  the  same  design,  rating  and  furnace 
setting,  only  enough  boilers  should  be  in  service  at  any 
one  time  to  handle  the  load  in  the  most  efficient  manner. 

For  this  reason  the  chart  herewith  shown  was  developed, 
the  interpretation  of  which  is  as  follows :  The  ordinates 
represent  pounds  of  water  evaporated  per  hour,  the  ab- 
scissas the  per  cent,  of  normal  rating  developed  and  the 
diagonal  lines  the  number  of  boilers  required  to  satisfy 
the  above  variables.  Assuming  from  a  series  of  tests  made 
on  the  test  boiler  that  20  per  cent,  overload  is  the  most 
efficient  ojierating  load,  the  chart  shows  that  for  a  flow 
of  300,000  lb.  per  hr.,  as  indicated  by  the  meter,  22  boil- 
ers are  required.  For  normal  rating  27  boilers  would  be 
needed  or  if  the  entire  32  boilers  were  used  they  would 
develop  83.5  per  cent,  of  their  rated  capacity,  assuming, 
of  course,  that  each  boiler  was  doing  its  share  of  the 
work. 

So  simple  is  the  chart  that  it  indicates  at  a  glance  at 
ju.«t  what  rating  the  boilers,  considered  as  a  unit,  are  op- 
erating, when  the  number  in  service  and  the  rate  of  feed 
are  known.  It  may  be  assumed  without  question  that  the 
results  developed  with  the  test  boiler  are  generally  never 
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attaiued  with  each  and  every  boiler  in  any  one  plant.  The 
firemen  naturally  will  show  to  their  best  advantage  while 
on  "dress  parade."  What  they  do  a.s  a  regular  thing  in 
their  ordinary  task  of  firing  is  another  story.  But,  by 
keeping  a  close  watch  on  the  coal  pile,  conditions  of  fires. 
etc.,  and  constantly  using  the  accompanying  chart,  it  is 
possible  to  operate  any  boiler  equijiment  ho  as  to  come 


within  a  close  fraction  of  test  conditions.  Operating  with 
the  correct  number  of  boilers  for  any  given  load  will  help 
to  reduce  to  the  minimum  the  cost  of  generating  a  nnit 
quantity  of  steam,  because  the  lower  such  items  as  labor, 
furnace  and  boiler  repairs,  radiation,  loss  of  fuel  through 
the  grates,  etc.,  are  kept,  the  lower  the  unit  cost  of  power 
will  he. 


CO2  Diagrams  from  Actual  Practice 


By  a.  Bemext=^ 


SYNOPSIS — A  number  of  interesting  cases  in  which  the 
results  of  analysis  are  connected  with  the  performance  of 
the  fire.  From  the  results  improved  methods  of 
firing  were  inl rodiiced  and  the  system,  was  used  as  a  check 
on   the  firemen. 

The  difficulty  e.xperienccd  by  the  average  man  is  in- 
aijility  to  connect  the  results  of  analysis  of  flue  gases 
with  the  performance  of  the  fire.  It  is  of  no  use  to  him 
to  know  that  COo  is  low  or  that  air  is  in  large  excess  un- 
less lie  knows  how  to  correct  the  condition,  and  it  is  only 
by  establishing  a  very  direct  and  close  connection  between 
the  performance  of  the  tire  and  the  indications  of  the  an- 
alysis that  a  proper  understanding  may  be  obtained.  The 
Orsat  apparatus  is  a  comparatively  simple  and  low-priced 


to  the  indicator  diagram  from  an  engine,  and  one  which 
could  be  intelligently  read,  provided  it  was  accompanied 
by  some  simple  c.\i)lanation.  as  given  in  the  examples  fol- 
lowing : 

Fig.  1  shows  in  condition  A  that  the  fire  needed  clean- 
ing; that  it  was  dirty  was  known,  as  it  had  not  been 
cleaned  for  a  considerable  period.  Now,  as  there  was  a 
considerable  quantity  of  incandescent  coal  on  the  grate, 
it  counld  not  follow  that  the  air  supply  was  not  sufficient. 
The  real  reason  was  that  the  entrance  for  air  through 
tlie  fuel  bed  was  obstructed,  so  that  the  coal  while  plenty 
of  it  was  present,  burned  slowly;  but  the  natural  leakage 
of  air  into  the  furnace  was  just  as  large  as  though  there 
had  been  a  brisk  fire.  A  few  minutes  later  condition  B 
shows  the  improvement  brought  about  by  cleaning  the 
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device.  Its  disatlvanlage  is,  for  the  piirjiuse  m  question, 
that  it  is  slow,  and  before  the  engineer  can  get  the  re- 
sult the  condition  has  changed  ;  or  that  he  is  so  closely  en- 
gaged in  getting  the  sample  and  analyzing  it,  that  he 
does  not  observe  furnace  conditions,  and  for  this  rea.son 
the  combustion  performance  is  not  "caught  in  the  act.". 
My  experience  began  witii  the  indication  of  CO^  em- 
ploying an  Econometer,  a  device  which  indicated  im- 
mediately the  per  cent,  of  CO.  in  the  gases.  Familiarity 
witli  this  instrument  and  with  the  CO.  determination  be- 
fore making  use  of  an  Or.sat  gave  me  a  knowledge  of  the 
process,  which  never  would  have  been  acquired  with  the 
Orsat  ajiparatus.  I  soon  learned  to  wati'h  furnace  con- 
<litions,  making  this  the  main  thing,  and  the  reading  of 
CO2  accessory  to  it.  For  example,  the  condition,  which 
might  have  been  the  cleaning  of  a  fire,  was  noted,  the  time 
written  down  and  ob.servations  made  at  one-  or  two-min- 
ute intervals  of  thcCO^,  produced.  Aflerwanl  these  data 
"■"■re  used  in  the  prejiaratioii  of  a  diagram,  using  per 
nl.  of  CO.  as  the  vertical  and  time  as  the  horizontal 
lie.      This   gave   a   diagram    in    many   respects   similar 

•ConHultliiK  pnKlrx'tT.   29   South   La   SaU.-   .'^1..  ChlcaKO. 


tire;  that   these  two  comlitions   were,  as  is  dt'scribed,   is 
shown  by  the  following  analysis  with  the  Orsat  apparatus. 


Conditions  of  Fi 
CO,. 
CO.. 


Clean 
13  0 


Tluis  it  is  apjiarent  that  one  knowing  from  observation 
the  conditions  at  .1  and  B  could  immediately  'interpret 
the  curve  or  diagram,  and  this  method  followed  in  all 
cases  will  make  eacii  exam])le  perfectly  clear. 

The  remarks  a])i)lying  to  Fig.  1  are  also  clearly  illus- 
trated in  Fig.  2.  This  diagram  is  from  a  sloping  grate 
stoker,  with  a  duni])  grate  at  the  bottom.  Beginning 
with  !)..')  per  cent.  CO,^  the  fire  was  cleaned,  with  the 
result  that  the  CO.  immediately  dropped  to  3.7  ])er  cent., 
recovering  directly,  however,  when  the  dump  grate  was 
closed,  and  facilitated  also  by  tlie  fact  that  the  firemen 
poked  down  out  of  the  ho]ipcr  on  to  the  stoker  grate  a 
large  quantity  of  fresh  roal.  'i'lie  CO..  rose  to  12.7  per 
cent.,  after  which  it  raiiidly  drrlined  to  5.3  and  soon  re- 
covered to  a  little  over   \'i  prr  cent. 

Tn  this  digaram  there  are  two  serious  dro])s  in  CO,. 
The  first  one  was  due  to  excessive  air,  but  with  fuel  in 
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excess  the  second  drop  was  diie  to  an  enormous  volatiliza- 
tion from  the  coal,  and  instead  of  the  carbon  having 
a  chance  to  enter  into  combination  with  oxygen  it  flowed 
awav  in  great  masses  of  smoke.  This  conclusion  is  veri- 
fied by  the  fact  that  when  this  excessive  fuel  had  burned 
down  to  normal  condition  the  CO,  rose  above  12  per  cent. 
Before  the  CO,  determination  was  employed,  it  was 
thought  that  this  excessive  poking  down  of  coal  after 
cleaning  was  a  desirable  thing.  After  the  facts  were  dis- 
covered, practice  was  so  corrected  that  CO^  rose  immedi- 


Fig.  6  shows  two  curves  taken  from  a  Hawley  furnace. 
Curve  B  shows  the  performance  which  habitually  pre- 
vailed when  the  men  were  especially  careful.  The  rises 
in  CO,  followed  poking  the  fire  on  the  upper  grate.  The 
practice  was  to  poke  down  a  certain  amount  of  coal 
from  the  upper  grate  and  allow  it  to  burn  in  a  pile  upon 
the  lower  one,  with  only  an  indifferent  leveling  of  the 
lower  fire.  Thus  it  appears  that  as  the  fire  was  poked, 
CO,  rose,  and  as  the  fire  on  the  upper  grate  became  com- 
pact again  and  the  fire  on  the  lower  grate  btirned  away. 
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Fig.  6.  Firing  in  Hawley 
Furnace 


ately  after  cleaning  the  fire  and  proceeded  at  the  maxi- 
mum, the  second  drop  being  entirely  absent. 

Fig.  3  shows  results  from  hand  firing  typical  of  usual 
good  practice.  The  rise  of  CO,  accompanying  the  ap- 
plication of  fresh  coal  is  distinctly  shown  to  a  certain 
point,  after  which  as  the  fire  burns  away  it  drops.  In 
this  case  the  second  firing  is  seen  to  be  better  than  the 
first  one,  because  the  CO,  goes  higher  and  continues 
longer.  From  this  performance  one  may  readily  study 
the  best  method  for  hand  firing. 

Eesults  of  hand  firing  where  the  fuel  bed  was  in  a  very 
open  condition,  allowing  excessive  air  to  flow  through  it, 
are  shown  in  Fig.  4.  At  the  interval  when  CO,  began  to 
increase,  the  fire  was  leveled  with  a  rake  and  the  open- 


COj  fell,  to  rise  again  at  the  next  poking  which  was  at 
a  considerable  interval.  a\s  it  was  apparent  that  when  the 
fire  was  poked  and  the  bottom  grate  leveled  CO,  rose,, 
it  would  appear  that  a  continual  poking  and  a  continual 
leveling  would  remedy  the  condition. 

Therefore,  in  the  experiments,  the  fireman  devoted  his. 
entire  time  to  poking  the  fire  of  the  upper  grate  and  to 
keeping  that  on  the  lower  grate  level  and  clean.  The 
result  was  that  the  boiler,  which  had  3500  sq.ft.  of  heat- 
ing surface  and  120  sq.ft.  of  grate  surface,  half  of  which 
was  in  the  upper  grate  and  the  rest  in  the  lower,  pro- 
duced 850  hp.  The  labor  was  beyond  the  continual  en- 
durance of  one  man,  so  the  draft  was  reduced  and  the 
coal-burning  capacity  brought  down  to  the  ability  of  the 
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ings  closed.  The  air  supply  was  more  thoroughly  em- 
ployed and  the  CO,  increased  from  4.5  to  14.5,  gradual- 
ly dropping  as  the  coal  burned  away. 

Examples  of  the  work  of  two  different  firemen  are 
shown  in  Fig.  5.  The  furnace  was  large  with  six  doors  to 
be  fired  by  hand.  It  was  observed  that  whenever  fireman 
A  added  coal  the  CO,  dropped  slightly  because  he  dumped 
the  coal  with  little  or  no  care.  Previous  to  the  making 
of  this  diagram,  it  was  not  realized  that  there  was  any- 
thing wrong  with  his  method.  Fireman  B,  however,  broke 
his  coal  properly  and  spread  it  carefully,  with  the  re- 
sult that  a  rise  in  CO,  immediately  followed  each  firing. 
As  the  furnace  was  large  the  firing  was  continuous,  with 
sUght  intervals  between  shovels  but  with  no  decided  in- 
tervals between  firings. 


man.  At  this  point  proper  manipulation  gave  the  eflB- 
cient  performance  indicated  by  curve  A,  which  is  in 
marked  contrast  to  previous  practice  shown  by  curve  B. 

Some  tv"pieal  examples  of  the  results  due  to  the  time 
taken  in  cleaning  fires  in  the  Hawley  furnace  are  shown 
in  Fig.  7.  The  first  diagram,  showing  a  large  drop, 
represents  a  condition  with  which  no  one  found  fault 
until  a  CO,  diagram  had  been  made.  The  second  dia- 
gram shows  what  was  readily  attainable  after  a  little  ex- 
perience. 

Fig.  8  illu.?trates  a  serious  trouble.  The  plant  was. 
equipped  with  Hawley  furnaces  and  screenings  had  been 
used,  the  fuel  bed  being  about  8  in.  deep.  In  an  emer- 
gency it  was  necessary  to  use  lump  coal.  The  men  being 
familiar  with  an  8-in.   fire  followed  that  practice  with 
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the  lump  eoal.  As  only  the  edges  of  the  lump  came 
together,  large  spaces  were  left  for  the  flow  of  air,  aud 
this  air  was  in  such  excess  that  nearly  all  the  heat  went 
up  the  chimney  and  there  was  little  or  none  available  for 
making  steam.  An  inspection  of  the  fires  did  not  reveal 
the  difficulty,  as  the  coal  burned  rapidly,  the  fire  roared 
and  the  men  .were  shoveling  in  lots  of  coal.  Xo  one 
thought  to  look  at  the  Econometer,  which  was  in  opera- 
tion, and  the  trouble  man  was  sent  for.  Upon  his  ar- 
rival he  looked  at  the  instrument  and  saw  only  2  per 
cent,  of  CO,,  which  suggested  excess  air.  A  glimpse  at 
the  fire  confirmed  this.  He  ordered  the  fireman  to  ''fill 
up  the  furnace,  pile  it  full  of  coal."  As  he  began  to 
add  the  coal,  CO,  increased.  After  the  fireman  had  put 
in  coal  enough  to  make  the  fuel  bed  about  twice  as 
thick,  CO,  went  to  8  per  cent.  At  this  point  the  fireman 
seemed  satisfied,  but  was  told  to  again  fill  up  the  furnace. 
He  shoveled  it  entirely  full,  and  the  result  was  an  in- 
crease of  COn  from  the  point  marked  "second  thickening 
of  fire"  to  16  per  cent.  When  this  had  been  done,  the 
fireman  sat  down  for  an  hour  and  watched  it  burn,  and 
with  this  and  the  other  thick  fires  steam  was  made  in 
abundance. 

A  drop  in  CO,,  caused  by  letting  the  fuel  in  the  hop- 
per of  a  chain-grate  stoker  get  low,  is  shown  in  Fig.  9. 
Many  firemen  think  that  it  does  no  harm  to  let  the  fuel 
get  low  in  the  hopper,  provided  it  does  not  get  below 
the  gate.  This  diagram  shows  the  result  of  the  coal  being 
only  a  little  way  l)clow  the  to]).     Tlie  Ct),  dro])i)eil  from 
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10  down  to  7  per  cent,  and  rose  again  as  soon  as  the  hop- 
per was  filled.  Fig.  10  shows  the  result  of  allowing  the 
fire  to  get  short  on  a  chain  grate,  and  illustrates  its  re- 
covery when  the  fireman  "winds  up"  the  grate. 

Fig.  11  shows  the  advantage  of  sometimes  being  able  to 
a.sccrtain  what  has  occurred  in  a  past  emergency.  The 
plant  from  which  this  diagram  was  made  was  new  and 
equipped  with  a  CO.^  recorder.  Trouljle  liad  been  experi- 
enced from  bridge-walls  collapsing  and  a  number  of  re- 
pairs had  been  made  without  knowing  the  cause.  One 
day  the  CO,  machine  hapi)ened  to  be  connected  with  one 
of  tlie  l)oilcrs  during  the  time  that  a  bridge-wall  failed. 
When  the  expert  arrived  to  look  into  the  trouble  he  a.iked 
at  what  time  the  trouble  occurred  and  was  told  that  the 
boiler  was  taken  off  immediately  after  three  o'clock.  Con- 
sulting the  record  shown  in  the  diagram,  it  was  ap- 
parent that  COj  had  ri.sen  to  a  high  point  a  few  minutes 
after  three  o'clock. 

As  a  very  high  CO,  indicates  very  high  temperature, 
this  evidence  suggested  that  temperature  may  have  played 
a  part  in  the  failure.  An  investigation  showed  that  the 
interior  of  the  bridge-wall  contained  common  brick  and 
was  faced  with  firebrick.  When  an  unusually  good  com- 
bination in  size  of  coal  entered  the  fire,  COj  and  tem- 


perature rose  to  a  high  point,  with  the  result  that  the 
common  brick  melted  and  ran  out  of  the  wall,  allowing 
the  firebrick  to  collapse. 

A  plant  equipped  some  years  ago  with  Hawley  furnaces 
made  use  of  an  Econometer  to  which  a  recording  device 
had  been  attached.  From  each  of  the  furnaces  a  pipe  led 
to  a  header  located  at  the  instrument.  Each  one  of  these 
pipes  had  a  stop-cock  in  it,  so  that  any  one  of  them  could 
be  cut  in  on  the  instrument..  Experience  showed  that 
while  the  firemen  were  being  watched  they  did  much  bet- 
ter work  than  when  they  were  not.  When  the  making  of 
a  record  of  CO,  began,  the  men  would  look  at  the  header 
to  see  what  furnace  was  cut  in  and  after  they  had  dis- 
covered it,  that  one  would  receive  special  attention;  the 
header  was  then  so  covered  that  they  could  not  see  which 
line  was  in  use.  Their  next  move  to  "beat  the  machine" 
was  to  take  each  furnace  in  series  and  do  something  ab- 
normal with  it  while  the  instrument  was  carefully 
watched.  In  this  way  they  again  located  the  furnace 
from  which  the  record  was  being  made.  The  next  step 
then  was  to  cover  up  the  front  of  the  instrument  so  that 
they  could  not  see  it,  with  the  result  that  a  decided  im- 
provement in  economy  was  secured. 

Another  example  of  the  use  of  the  instrument  occurred 
in  a  plant  which  was  equipped  with  a  long  row  of  boilers 
served  by  chain-grate  stokers.  The  foreman  whose  office 
was  in  a  little  inclosed  building  carried  a  pipe  along  the 
whole  battery,  with  branches  to  each  furnace.  This  pipe 
ran  behind  the  setting  and  in  such  a  way  that  the  fire- 
men did  not  have  access  to  it.  When  the  foreman  became 
suspicious  of  the  workmanship  of  a  fireman,  he  would 
cut  on  the  furnace  to  the  instrument,  and  when  CO,  fell 
he  would  walk  back  to  the  man,  look  into  his  furnace  and 
call  his  attention  to  a  short  fire  or  some  other  condition. 
In  this  wav  he  was  able  to  immediately  locate  trouble. 


Scharf  Smoke    Prevention    System 

The  accompanying  illustration  shows  the  Scharf  system 
of  smoke  prevention,  based  on  the  use  of  intermittent 
steam  jets  and  automatic  regulation  of  the  air  supplied 
over  the  fire.     When  one  of  the  firedoors  is  opened  the 
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rod  A,  connected  to  the  arm  B  by  a  toggle  joint,  causes 
the  shaft  C  to  rotate  part  of  a  turn.  This  lifts  the  arm 
E  and  the  vertical  rod  D  and  the  lever  F,  hinged  at  G, 
is  raised  to  a  horizontal  position.  This  action  raises  the 
plunger  in  the  oil-filled  dashpot  H  and  the  lever  valve  I 
in  the  supply  pipe  of  the  steam  jets  is  opened. 

When  the  furnace  door  is  closed,  the  dashpot  piston  is 
released,  which  then  commences  to  sink  to  its  original 
position.  It  also  opens  the  half  doors  J.  permitting  an 
ample  supply  of  air  to  enter  the  furnace  over  the  fire. 
When  the  piston  reaches  its  lowest  position  the  half 
doors  are  closed  once  more  and  the  steam  jets  are  com- 
pletely shut  off. 

The  time  required  for  this  operation  can  be  varied  to 
suit  firing  conditions  by  adjusting  the  bypass  valve  which 
controls  the  flow  of  oil  from  the  under  to  the  upper  side 
of  the  piston. 

This  system  is  manufacturcil  by  the  Power  Efficiency 
Corporation,  Detroit,  Mich. 

Large  Producer  Gas  Plant 

The  Canadian  Car  &  Foundry  Co.,  Fort  William.  Ont.. 
has  recently  installed  three  600-kw.,  60-cycle,  three-phase. 
500-volt,  alternating-current  generators  which  will  be 
driven  by  producer-gas  engines.  It  is  claimed  that  this 
will  be  the  largest  producer-gas  plant  in  Canada.  The 
engines  are  of  the  siugle-taudem,  horizontal,  double-act- 
ing, four-cycle  type,  with  cylinders  28x36  in.  and  operat- 
ing at  150  r.p.m. 

The  main  gas  plant  consists  of  four  double  bituminous 
coal  generator  sets,  and  was  originally  intended  for  heat- 
ing purpo.^es,  but  as  it  is  necessary  to  intermittently 
change  from  the  water-gas  operations  to  producer  gas,  it 
was  decided  to  utilize  the  waste,  or  producer  gas,  for  power 
purposes.  This  gas  will  contain  more  than  10  per  cent, 
hydrogen  by  volume  and  is  particularly  suitable  for  use 
in  gas  engines. 

The  fuel  gas,  which  will  be  used  for  furnace  work,  will 
have  a  heat  value  of  300  B.t.u.  per  cu.ft.  and  will  contain 
about  equal  parts  of  hydrogen  and  carbon  monoxide. 
The  operation  of  the  producers  will  be  such  that  it  will 
be  practically  impossible  to  mix  the  gases;  that  is,  the 
regulation  of  the  ga.s  will  be  automatic,  eliminating  any 
liability  of  water  gas  being  carried  to  the  engines.  In 
the  u.se  of  double  generating  sets  the  gas  is  drawn  off  the 
top  of  one  generator  and  down  through  the  incandescent 
coal  mass  of  the  other,  the  tar  being  consumed  and  con- 
verted into  gas.  thereby  increasing  the  efficiency  of  the 
plant.  The  resulting  deposits  of  soot  will  be  disposed 
of  through  a  Thiesen  washer. — Electrical  Ncir.^. 


New  Wheeler-Balcke  Natural   Draft 
Tower 

In  locations  where  condensing  water  is  scarce,  a  prop- 
erly designed  cooling  tower  becomes  equivalent  to  a 
natural  water  supply.  If  it  operates  with  natural  draft 
and  no  fan  is  used,  the  chief  item  of  operating  expense 
is  the  cost  of  lifting  the  water  to  the  distributing  system. 
The  primary  essentials  for  effective  cooling  are  large  ca- 
pacity for  dissipating  heat  to  the  atmosphere  so  that  a 
large  volume  of  water  is  cooled,  and  ability  to  dissipate 
this  heat  at  a  low  temperature  so  that  the  water  may  be 


cooled  as  much  as  possible.  To  accomplish  this,  the  water 
must  present  an  extensive  cooling  surface  to  the  air  ris- 
ing within  the  tower,  and,  secondly,  there  must  be  a 
brisk  and  vigorous  air  circulation. 

In  the  new  Wheeler-Balcke  natural-draft  chimney-type 
tower,  illustrated  herewith,  the  cooling  is  done  on  the 
"drop  and  film"  principle.  The  cooling  stacks  are  ar- 
ranged in  zigzag  tiers  which  offer  little  resistance  to  the 
upward  flow  of  the  air.  The  cooling  laths  retard  the 
downward  flow  of  the  water,  spread  it  out  into  thin  films 
and  break  it  up  into  drops.  Fig.  1  shows  the  construc- 
tion of  the  tower.    At  the  top  is  the  vai)or  outlet,  beneath 


Vapor  Ou-tlei 


Fig.  1.  Typicwl  L.wout  of  Cooling  Tower 

is  the  chimney,  and  next  the  water-distributing  system 
which  receives  the  water  to  be  cooled  from  the  water-inlet 
pipe  and  discharges  it  over  the  whole  surface  of  the 
tower.  Immediately  below  the  distributing  system  are 
the  cooling  stacks  and  the  air  inlets,  and  at  the  lowest 
point  is  the  cold-water  well  in  which  the  water  is  col- 
lected and  drawn  off  to  the  condenser. 

The  chimney  and  vapor  outlet  are  of  cypress  boards 
supported  by  a  framework  of  yellow  pine,  both  woods  be- 
ing specially  treated  to  prevent  deterioration.  The  main 
trough  into  which  the  water  is  discharged  from  the  inlet 
is  of  cypress  planks  ll^  in.  thick.  From  this  trough  the 
water  flows  into  lateral  gutters,  which  in  turn  distribute 
It  over  the  entire  area  of  the  tower  by  means  of  iron 
])ipes  arranged  at  equal  intervals  in  the  length  of  the 
gutters.  The  water  falling  from  these  pipes  impinges 
upon  galvanized-steel  splash  plates  which  break  it  up  into 
a  fine  spray.  In  the  form  of  spray  the  water  then  drops 
upon  the  triangular  cooling  laths  below,  which  are  ar- 
ranged in  zigzag  tiers,  as  shown  in  the  accompanying 
drawing.  The  zigzag  arrangement  insures  the  breaking 
up  and  turning  over  of  the  water  without  presenting  high 
resistance  to  the  rising  column  of  air.  The  comparative 
space  occupied  by  the  cooling  stacks  and  the  location  of 
the  air  inlet  is  apparent  in  the  drawing. 
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In  large  towers  the  multicellular  design,  shown  in  Fig. 
2,  is  used.  Owing  to  the  resistance  of  the  falling  shower 
of  water,  air  will  not  penetrate  to  the  center  of  the  large 
tower,  and  the  water  in  that  region  will  not  he  cooled  as 
efficiently  as  that  failing  in  other  parts  nearer  the  shell. 
AVith  the  multicellular  design,  air  is  evenly  distributed 
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Fig.  3.    Multicellular  Towei;  with  Tk-mpkhatl-he 
Diagrams   below 

to  all  parts  of  the  tower,  and  the  water  in  the  center  is 
cooled  to  practically  as  low  a  temperature  as  the  water 
near  the  shell.  The  diagrams  below  the  illustrations  of 
tiie  tower  demonstrate  this  point.  Here  the  line  A  A  rep- 
resents the  temperature  of  the  water  entering  the  tower 
,111(1  BB  represents  the  temperature  of  the  water  at  various 
jioints  in  the  cross-section  of  the  tower  as  it  falls  from 
tlie  cooling  stack.  In  the  multicellular  design,  it  will  be 
noticed  that  the  temperature  of  the  water  as  it  is  dis- 
charged is  nearly  uniform,  while  in  the  single  tower  the 


.    Wiieeleu-Balcke  TnwETi  Installkd  at  I'i.ano 

Works  of  IXTEltXATIONAL   llAItVI'.STKI!  Vi\. 


•liter 


consiilcralilv 


temperature  of  the   water  at    tl 
higher  than  at  the  sides. 

Fig.  3  sJiows  a  tower  of  78.0(1(1  gal.  j)er  hr.  cooling 
lapacity  installed  at  the  I'lano  Works  of  the  International 
Harvester  Co.,  West  Tullman,  III.  As  may  be  seen,  the 
lower  is  erected  over  a  concrete  reservoir,  which  is  large 


enough  for  a  second  tower  of  equal  size.  The  reservoir  is 
75  ft.  in  diameter  and  has  a  capacity  of  600,00(_)  gal., 
forming  a  large,  cold  well  and  also  a  reserve  supply  of 
water  for  the  fire  pumps.  The  cooling  tower  operates  in 
connection  with  two  Jet  condensers.  The  tail  pumps  dis- 
charge directly  to  the  distributors  of  the  cooling  tower 
through  the  pipe,  which  may  be  clearly  seen  in  Fig. 
•">.  The  elevation  of  the  distributors  may  be  estimated 
from  the  height  of  this  pipe.  The  base  of  the  tower  is 
somewhat  above  the  elevation  of  the  turbine-room  floor 
and  is  at  a  considerably  higher  elevation  than  the  con- 
densers, which  are  in  the  basement  beneath  the  turbine. 
Flooding  of  the  condensers  in  case  of  failure  of  the  vac- 
uum is  prevented  by  siphons  in  the  suction  lines. 

RESULT  O?  TESTS  OF  COOLINC:  TOWER  AT  INTERNATIONAL  HAR- 
VEf.TER  CO.'S  WEST  PULLMAN  PLANT 


Date 

Gal. 

Water 

A 

r 

1912 

per 

Temp. 

Temp. 

Hun 

lidity 

Sept. 

Min. 

In 

Out 

In 

Out 

111 

Out               Weather 

U 

1230 

112 

87 

71 

99 

69 

100  Stronp   wind,    cloudy 

11 

1230 

112 

So 

71 

102 

.'.6 

100  Strong  wind,  cloudy 

11 

1230 

111 

S(i 

Wl 

96 

64 

100  Strong  wind,  cloudy 

12 

1230 

105 

83 

71 

93 

5i; 

100  Light  breeze,  clear 

12 

1230 

81 

74 

95 

5(i 

100  Light  breeze,  clear 

12 

1230 

10(i 

82 

77 

97 

49 

12 

1230 

lOti 

82 

vs 

96 

49 

100  Brisk   breeze,    cloudy 

13 

1200 

102 

82 

74 

91 

47 

100  Light  breeze,  clear 

81 

75 

93 

47 

16 

2100 

9V 

S3 

(i5 

92 

73 

100  Light  wind,  clear 

Ifi 

1700 

101 

83 

68 

95 

62 

10 

1520 

104 

8t> 

n 

94 

5V 

100  Light  wind,  cloudy 

IC. 

1520 

104 

85 

70 

95 

6K 

100  Light  wind,  cloudy 

17 

99 

82 

(si 

92 

S4 

100  No   breeze,    cloudy 

17 

12S0 

lOli 

S2 

63 

96 

84 

100   No  breeze,  cloudy 

The  acciimiiaiiyiug  taliic  is  a  siiiniiiary  of  a  luunbcr  of 
tests  conducted  on  this  tower.  It  may  be  noticed  that 
the  air  leaves  the  tower  fully  saturated.  Tests  15  and  U! 
can  be  selected  as  showing  the  efficiency  with  which  cool- 
iii,g  is  secured,  even  with  high  humidity  of  entering  air. 
In  each  of  the  two  cases  cited  the  humidity  was  84  per 
cent.,  the  temperature  of  the  air  being  63.  In  test  15 
the  cooling  was  from  99  to  83  deg.,  and  in  test  16,  from 
106  to  83  deg. 

About  two  weeks  later,  on  a  motleratcly  warm  but  dry 
afternoon,  the  tower  was  supplying  e.iection  water  at 
about  73  deg.  temperature  and  the  vacuum  on  the  tur- 
bine was  slightly  lower  than  38  in.  In  a  general  way. 
this  shiiws  the  possibilities  of  the  tower  <luriiig  the  sum- 
mer, in  the  colder  moiitiis  of  the  year  it  will  be  evi- 
dent  that  vaciniins  alioNc  3S  in.  iiiav  be  nbtaiiieil. 


A  Small  Office  Building  Plant 

The  r.iill'ald  Natural  (las  l-'iicl  Cn.  is  erecting  a  build- 
ing at  the  northeast  corner  of  (''ranklin  and  Church 
Sts.  This  building  will  generate  its  own  electric  current, 
and  as  it  will  be  one  of  the  smallest  buildings  on  rec- 
ord to  do  this,  the  eN|ici-iincn1  will  be  worth  watching. 

The  power  iilaiit  will  lie  a  demonstration  of  the  pos- 
sibilities of  a  natural-gas  engine,  and  will  consist  of 
three  units  of  150  lip.  each.  The  electricity  thus  gen- 
crated  will  run  the  refrigerating  machinery,  the  house 
and  fire  pumps,  the  vacuum  cleaner,  the  elevators  and 
the  auxiliaries.  Suiipiementing  this  will  be  a  storage 
battery  which  will  help  over  the  i)eak  load  and  will  bo 
capable  of  running  two  hundred  35-watt  lamps  for  eight 
hours. 

This  i)lant  will  occupy  tlie  suli-basemeiit  and  will  be 
so  arranged  that  visitors  may  see  the  operation  of  the 
engines  from  the  basement  showrooms.  The  owning  com- 
pany will  oeeujiy  the  first  and  second  floors,  and  base- 
ment, and  the  balance  of  tiie  building  will  iie  rented. 
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Remote  Control  through  Street  Mains 

By  Aiithuk  H.  Ali.ex 

An  interesting  method  of  remote  control  has  been  de- 
veloped by  W.  Duddell,  president  of  the  Institution  of 
Electrical  Engineers,  and  Messrs.  Handcock  &  Dykes, 
consulting  electrical  engineers,  of  London.  It  is  intended 
to  permit  street  lamps  to  be  lighted  and  extinguished, 
two-rate  meters  to  be  controlled,  etc.,  from  the  power 
house  or  substation,  without  any  other  means  of  transmis- 
sion than  the  distributing  mains  themselves.  It  will 
readily  be  seen  that  such  a  system  makes  it  possible  to 
supply  street  and  shop-front  lamps  from  the  ordinary 
mains,  the  customary  method  in  England,  and  yet  to 
switch  them  on  and  off  at  any  desired  time  without  using 
pilot  leads  or  employing  a  number  of  lamplighters.  Spe- 
cial systems  of  charging  for  electrical  energy  can  also  be 
adopted,  such  as  that  in  which  the  rate  of  registration  of 
a  meter  is  accelerated  during  the  time  of  heavy  demand, 
and  retarded  during  the  daytime,  dispensing  with  the 
use  of  two  meters  or  a  two-rate  meter. 

The  principle  of  the  invention  is  simply  that  of  super- 
posing upon  the  main  supply  current  an  auxiliary  cur- 
rent of  a  different  frequency,  to  which  suitable  relays 
respond  at  the  points  where  the  lamps,  meters,  etc.,  are 
situated.  In  the  ease  of  a  direct-current  supply  the  prob- 
lem is  easily  solved;  the  relay  is  placed  in  shunt  across 
the  mains,  with  a  condenser  in  series  with  it.  Xo  current 
passes  through  the  relay  circuit  under  normal  conditions, 
but  when  an  alternating  current  is  injected  into  the  di- 
rect-current supply,  as,  for  instance,  by  cutting  in  a  small 
alternating-current  generator  in  series  with  the  mains, 
the  alternating  current  flows  through  the  relay  circuit 
and  actuates  the  mechanism,  which  closes  a  switch  or  per- 
forms anv  other  desired  operation  in  a  manner  familiar  to 
electricians. 

Where  the  supply  is  alternating,  the  matter  is  not  so 
simple.  In  this  case  the  relay  must  be  selective,  respond- 
ing only  to  a  particular  frequency,  and  this  result  is  ob- 
tained by  correctly  proportioning  the  inductance  and  ca- 
pacity of  the  relay  circuit  so  as  to  produce  resonance  at 
the  said  frequency.  In  passing,  it  may  be  pointed  out 
that  selective  relays  are  useful  also  on  a  direct-current 
supply,  as  they  may  be  tuned  to  different  frequencies,  to 
effect  different  purposes.  A  large  number  of  different 
frequencies  may  be  employed,  and  the  facility  of  tuning  is 
such  that  a  potential  difference  at  the  terminals  of  the 
relay  may  thus  be  obtained  which  is  ten  times  that  of 
the  supply  circuit,  so  that  there  is  no  risk  of  the  relay  be- 
ing actuated  at  any  time  except  the  appointed  moment. 
Where  the  supply  is  alternating,  the  inventors  find  it  de- 
sirable to  use  frequencies  comprised  between  the  third 
and  fifth  harmonics  of  the  supply  frequency,  and  a  super- 
posed voltage  about  5  per  cent,  of  the  supply  voltage. 
There  is  no  appreciable  interference  between  the  super- 
posed current  and  the  normal  current,  owing  to  the  dif- 
ference in  frequency,  the  former  being  merely  a  ripple. 


In  practice  it  is  found  that  the  simple  relay  and  con- 
denser circuit,  K  and  L,  Fig.  1,  while  satisfactory  on  a 
direct-current  system,  does  not  afford  sufficient  margin 
for  adjustment  on  alternating-current  circuits.  If  the 
tuning  is  sharp,  so  as  to  prevent  operation  by  the  normal 
frequency  of  the  circuit,  a  slight  variation  in  the  fre- 
quency of  the  superposed  current  will  result  in  failure 
to  operate,  while  if  the  tuning  is  not  sharp,  the  relay 
may  operate  with  the  supply  frequency.  To  overcome 
this  difficulty,  a  second  winding  L^  is  applied  to  the  relay, 
in  circuit  with  a  choke  coil  L^.  The  current  in  the  latter 
circuit  is  nearly  180  deg.  out  of  phase  with  that  in  the 
normal  relay  winding,  and  practically  neutralizes  the  ef- 
fect of  the  normal  supply  current,  leaving  the  resonance 
current  master  of  the  situation.  A  compensated  relay  of 
this  kind  operates  with  certainty  at  5  volts,  200  cycles, 
on  a  supply  circuit  at  100  volts,  50  cycles,  and  even  if 
the  supply  voltage  is  increased  by  100  per  cent,  the  relay 
is  not  affected.     Moreover,  the  frequency  of  the  super- 


Fk;.  1.  Fig.  2. 

Relays  and  Choke  Coils  for  Remote  Control 

posed  current  can  be  varied  5  per  cent,  up  or  down  with- 
out causing  failure  to  operate.  The  power  absorbed  by 
the  relay  at  100  volts,  50  cycles,  is  only  0.7  watt,  from 
the  normal  supply,  and  the  same  power,  at  5  volts,  200 
cycles,  is  sufficient  to  cause  it  to  operate.  To  send  the 
ripple  over  the  mains,  a  small  alternating-current  gen- 
erator can  be  cut  into  circuit,  or  it  can  be  coupled  to 
the  primary  of  a  transformer,  the  secondary  of  which  is 
in  circuit  with  the  mains.  The  frequency  of  the  generator 
can,  of  course,  be  varied  according  to  the  particular  set 
of  relays  that  it  is  desired  to  operate,  and  obviously  the 
relays  can  be  wound  and  the  condensers  chosen  to  suit 
any  ordinary  supply  voltage  and  frequency.  The  coils  L 
and  Xi  on  the  relay  can  also  be  combined,  as  they  are  in 
Fig.  2. 

In  addition  to  the  lighting  and  meter  applications  al- 
ready mentioned,  there  are  many  other  uses  for  this  re- 
mote control  system.  Transformers  in  substations  can  be 
switched  on  and  off  whenever  desired,  the  circuits  of  con- 
sumers who  pay  by  contract  for  a  fixed  daily  period  of 
service  can  be  cut  in  and  out,  time  signals  can  be  given 
to  enable  consumers  to  set  their  clocks  right  at  specified 
hours,  electric  track  signaling  on  alternating-current  rail- 
wavs  can  be  effected,  etc. 
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Largest  Direct  Current  Generators 

The  largest  direct-current  generators  ever  built  have 
just  been  installed  in  the  Canal  Eoad  plant  of  the  Cleve- 
land Electric  Illuminating  Co.  There  are  two  3750-k\v., 
275-volt,  shunt-wound  machines,  driven  at  180  r.p.m., 
through  10  to  1  Westinghouse  reduction  gears  by  steam 
turbines.  Fig.  1  shows  the  generator  on  the  erecting 
floor  in  the  Westinghouse  shops,  while  Fig.  3  is  a  view  of 
one  of  the  units  after  being  installed.     The  former  view 


lying  districts.  The  downtown  business  district,  however, 
was  never  changed  and  is  still  fed  from  a  three-wire  sys- 
tem. The  company  also  furnishes  steam  heat  to  this 
district. 

When  the  new  Lakeshore  plant  (see  description  in  Mar. 
18  issue)  was  designed,  it  was  decided  to  let  this  supply 


Fig.  1.    Generators  on  Erecting  Floor 


Fig.  3.    Large  Gear 


gives  an  idea  of  the  size  of  these  machines  by  comparison 
with  a  man  of  ordinary  height  standing  beside  them. 

The  large  gear  of  the  speed-reduction  mechanism.  Fig. 
3,  is  100  in.  in  diameter  and  has  259  teeth.  The  pinion 
has  26  teeth  and  a  speed  of  approximately  54  miles  an 
hour  is  attained  at  the  pitch  line.  At  full  rated  load  of 
liie  generator  the  gear  transmits  over  5000  hp.  and,  on 
several  occasions  during  overloads,  has  carried  6000  hp. 

These  two  machines  will  supply  light  and  power  to  the 
liusiness  section  of  Cleveland.  The  company's  system  was 
originally  three-wire  Edison  but,  as  the  business  in- 
creased, alternating  current  was  distributed  to  the  out- 


the  alternating  current  and  have  the  Canal  Eoad  plant 
a  strictly  direct-current  station.  A  consideration  which 
largely  determined  this  was  the  fact  that  the  Lakeshore 
plant  is  nearly  four  miles  from  the  business  center,  while 
the  Canal  Eoad  plant  is  only  a  few  blocks  away ;  hence, 
the  ability  of  the  latter  to  supply  exhaust  steam  for  heat- 
ing. 

It  is  the  intention  of  the  company  to  run  these  direct- 
current  generators  only  during  the  months  in  which  ex- 
haust steam  is  required  for  heating,  the  Lakeshore  station 
supplying  the  three-wire  system  through  rotary  converters 
during  the  other  months. 
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Rotary  Converter  without  Shunt  Field 

Mr.  Hill's  question  in  the  Feb.  20  issue  of  PowEii. 
as  to  what  would  happen  if  a  loaded  rotary  converter 
should  lose  its  shunt  field,  is  rather  indefinite,  as  he  fails 
to  state  the  type  of  machine  and  the  conditions  under 
which  it  was  operating,  which  would  produce  widely  vary- 
ing results. 

In  one  instance,  1  was  dusting  the  switchboard  "and  the 
cloth  caught  on  the  field  switch  and  opened  it.  Two 
100-kw.  machines  were  carrying  the  load  and  the  station 
was  running  in  parallel  with  a  number  of  others  on  the 
same  system,  the  nearest  being  about  half  a  mile  away. 
The  two  machines  were  connected  in  series  on  a  three- 
wire  system  and  were  carrying  about  25  per  cent,  load ; 
the  fields  were  very  weak.  When  the  field  switch  was 
o]>ened,  the  machines  dropped  very  little  of  the  load  and 
the  voltage  remained  practically  normal,  as  there  was 
no  indication  of  the  trouble  on  the  recording  voltmeters. 
The  second  case  happened  with  a  500-kw.,  s'x-phase 
machine,  running  alone  and  carrying  about  75  per  cent, 
load.  The  station  was  practically  isolated,  being  con- 
nected to  the  nearest  station,  over  a  mile  away,  by  one 
small  line.  The  connection  between  two  of  the  field  coils 
became  loose  and  i)urned  off,  opening  the  field  circuit. 
The  machine  then  carried  about  50  per  cent,  load  with 
the  induction  regulator  in  full  boost  position,  until  we 
located  the  trouble.  The  power  factor  was  below  the 
range  of  the  power-factor  meter,  which  indicated  as  low 
as  50  per  cent. 

Another  time  one  of  the  operators  accidentally  opened 
the  field  switch  through  his  shirt  sleeve  getting  caught 
on  the  switch.  This  was  a  1000-kw.,  six-phase  machine, 
running  in  parallel  with  four  others  of  the  same  type 
and  capacity.  The  opening  of  the  field  switch  was  ac- 
companied by  some  fireworks  at  the  commutator  and  the 
direct-current  circuit-breakers  opened  from  the  reverse 
circuit  relays.  These  operated  to  open  the  circuit-break- 
ers when  the  reverse  current  became  50  per  cent,  of  the 
normal  full-load  current. 

In  all  these  eases,  the  machines  were  single  shunt- 
wound,  with  an  induction  regulator  on  the  alternating- 
current  side,  and  running  on  a  three-wire,  230-volt  Edi- 
son system. 

The  next  time  I  saw  this  happen,  was  in  a  street-rail- 
way substation.  This  was  a  1000-kw.,  six-phase,  600- 
volt,  compound-wound  machine,  running  in  parallel  with 
another  of  the  same  type  and  capacity.  The  operator,  in 
trying  to  straighten  a  bent  field  connection,  broke  it  off. 
Instantly,  there  was  flashing  and  the  circuit-lireakers  on 
both  machines  opened. 

Another  time,  while  starting  from  the  alternating- 
current  side,  I  forgot  to  close  the  shunt-field  circuit  after 
the  machine  was  up  to  speed  and  after  cutting  in  the 
machine  picked  up  some  load  before  I  became  aware  of 
the  fact.  The  machine  was  carrying  about  10  per  cent. 
load  when  I  happened  to  notice  the  alternating-current 
ammeter  showing  about  that  much  excess  over  full-loail 
rating.  The  power-factor  meter  was  out  of  order  or  I 
would  have  noticed  the  slip  sooner.  I  reduced  the  load 
to  zero  again,  the  alternating-current  ammeter  then  in- 
dicating about  full-load  current.  Without  making  any 
further  experiments,  I  closed  the  field  switch  and  picked 
up  the  load. 

From  these  two  indications,  it  would  seem  that  it  takn;- 


about  full-load  current  to  run  the  machine  and  excite 
the  fields  and,  from  this  point,  the  current  increases  at 
normal  rate  in  proportion  to  the  load.  On  this  assump- 
tion, the  power  factor  would  vary  from  about  5  per 
cent,  at  no  load  to  50  per  cent,  at  full  load,  provided  it 
was  possible  to  make  the  machine  carry  full  load. 

THDitAs   (i.  Thui;ston. 
Chicago.   111. 


In  the  Feb.  25  issue.  A'.  M.  Hill  asks  what  would 
happen  if  a  rotary  converter  should  lose  its  shunt  iield. 

1  had  an  experience  some  time  ago,  which  might  be 
of  interest  to  Mr.  Hill.  Being  called  upon  to  investi- 
gate operating  troubles  on  a  200-kw.,  60-eycle,  self-start- 
ing rotary  converter  for  railway  service,  I  was  surprised 
to  find  that  the  converter  had  been  operating  for  a  month, 
or  since  its  installation,  without  a  shunt  field.  During 
installation  the  field  switch  had  been  wired  incorrectly, 
leaving  the  shunt-field  circuit  entirely  open  on  either 
position  of  the  switch. 

The  converter  was  carrying  loads  up  to  25  per  cent. 
abo\e  its  normal  rating  without  the  shunt  field,  but  it  was 
noted  that  it  heated  up  more  on  no  load,  or  light  loads, 
than  on  full  load,  also  it  was  noted  that  the  alternating 
current  supplied  to  the  machine  was  just  about  the  same 
whether  the  machine  was  delivering  zero  or  full  load 
on  the  direct-current  side. 

Unfortujiately,  there  was  no  power-factor  meter  on  this 
converter,  but  undoubtedly  the  power  factor  was  down 
almost  to  zero  on  no  load  and  light  loads,  improving  as 
the  direct-current  load  increased. 

The  nuignetic  flux  required  in  the  magnetic  circuit  of 
a  rotary  converter  is  produced  by  either  of  two  sources : 
by  current  in  the  field  windings  or  by  current  in  the 
armature  winding.  When  the  exact  amount  of  flux  re- 
quired by  the  machine  is  not  provided  by  the  field  excita- 
tion, it  is  automatically  provided  by  leading  or  lagging 
currents  in  the  armature  winding.  The  magnetizing  ef- 
fect of  leading  currents  is  to  oppose  the  initial  field  flux, 
while  that  of  lagging  currents  tends  to  assist  the  initial 
field  flux ;  hence  in  the  case  under  consideration,  the 
field  flux  at  no  or  light  loads  was  produced  almost  entire- 
ly by  heavy  wattless  lagging  currents  flowing  in  the 
armature,  and  this  current  would  cause  the  low  power 
factor  and  heating  noted  at  no  or  light  loads. 

Had  this  rotary  converter  been  of  larger  capacity  as 
compared  with  the  size  of  the  generating  units  supplying 
the  alternating  current,  it  is  probable  that  it  would  have 
caused  such  a  disturbance  on  the  system  that  the  trouble 
^^•ould  have  been  detected  at  once,  or  had  the  converter 
l)een  working  properly  at  the  start,  and  then  suddenly 
lost  its  shunt  field  while  running,  the  difference  in  op- 
erating conditions  would  have  been  noticed  at  once  from 
the  alternating-current  ammeter  readings,  the  heating  of 
the  armature,  and  the  failure  of  the  machine  to  rcs]iond 
to  the  moving  of  the  shunt-field  rheostat  handle. 

Again,  liad  the  converter  been  of  the  plain  shunt-wound 
type,  without  the  assistance  received  from  the  series  field 
turns  when  the  direct-current  load  came  on,  it  is  quite 
likely  that  the  armature  would  have  been  damaged  from 
'heating,  since  the  wattless  currents  would  have  remained 
high  even  when  the  direct-current  load  was  high,  and  the 
combination  of  the  two  would  work  the  copper  in  the 
armature  far  beyond  its  capacity. 

Elnilnirst,  L.  I.  S.  A.  Lewis. 
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The  Junkers  Engine — VIII 

By  F.  E.  JrxGE 

In  the  concluding  article  of  this  series  it  remains  to 
discuss  such  points  as  reliability  of  operation,  overhaul- 
ing, friction,  and  dismantling,  and  general  economic  as- 
pects of  the  Junkers  engine. 

PiSTOXS  AND  LUBKICATION 

The  long  cylinder  of  the  Junkers  engine  is  open  at 
both  ends,  and  the  extreme  sections  of  the  cylinders  are 
well  away  from  the  combustion  chambers.  Thus  these 
parts  may  be  kept  comparatively  cool,  and  as  with  every 
revolution  the  pistons  enter  these  well  cooled  sections,  a 
constant  exchange  of  heat  is  maintained  between  the  pis- 
tons and  the  cylinder  walls.  Moreover,  the  lubrication  is 
more  favorable  the  lower  the  temperatures  of  the  lubri- 
cated parts  and,  owing  to  the  subdivision  of  the  stroke 
between  two  pistons  the  distance  traversed  per  stroke  is 
diminished,  thus  increasing  the  lubrication  efficiency. 
Cracks  in  Combustion  Space 

Cracks  occurring  in  cylinder  walls  are  to  be  attributed 
largely  to  the  stowage  of  heat  in  these  parts,  occasioiied 
by  nonuniform'  disposal  of  the  material,  and  the  restric- 
tion of  the  free  expansion  of  the  castings.  In  the  Junk- 
I  rs  engine  the  combustion  chamber  is  surrounded  by  a 
>niooth  cylindrical  shell  of  even  thickness.  The  ends  are 
formed  by  sim])le  flat  piston  bottoms  which  admit  of  a 
uniform  distribution  of  the  material.  An  unrestricted 
free  expansion  of  these  castings  is  thus  insured.  In  the 
Diesel  engine  of  normal  design  circumstances  are  decided- 
ly less  favorable.  The  cylindrical  shell  inclosing  the  com- 
bustion space  is  provided  with  a  heavy  flange  for  receiving 
the  cylinder  cover.  This  flange,  in  combination  with  the 
clamping  effect  of  the  cover,  docs  not  permit  of  unre- 
.stricted  radial  expansion  of  the  cylinder.  The  cover  with 
its  valve  casings  constitutes  a  complicated  casting,  of  un- 
even distribution  of  material,  in  which  the  local  stowage 
of  heat  is  inevitable.  A  free  expansion  of  this  securely 
fixed  casting  is  impossible.  These  parts  are  thus  very  apt 
to  devclo])  cracks. 

\'alvi:s 

The  Junkers  engine  jjossesses  only  n  fuel  inject iun 
valve  and  a  conipre.ssed-air  starting  valve.  These  arc  of 
small  dimensions  and  can  be  well  controlled,  as  regards 
heating;  undue  heating  of  the  valve  s])rings  cannot  occur, 
since  they  are  located  far  back  from  the  cylinder.  The 
valve-gear  i.v  simple  and  subject  to  little  .stress.  After 
starting  ui)  with  compressed  air  only  the  fuel  injection 
valve-gear  is  kept  ])erinanently  in  oi)eration. 

On  the  other  hand,  in  the  normal  Diesel  engine,  a])art 
frcjni  the  injection  and  starting  valves,  there  arc  scaveng- 
■  mg  valves,  fixed  in  the  combustion  chaml)cr.  With  large 
engines  tlnse  valves  are  lu'avy  and  as  they  have  to  bo 
accelerated,  retarded  and  again  acceleralcil.  within  a  frac- 
tion of  a  second,  great  stress  is  placed  on  the  valve-gear. 


Moreover,  the  valves  ni'c  all  cdnecntrated  in  the  heated 
cylinder  cover. 

OvEiiHAruxM;.  Eitix-xiox  and  DisNrAXTLixci 

One  of  the  chief  demands  with  which  a  prime  mover 
has  to  comply  is  provision  for  accessibility  to  those  ele- 
ments, which  are  most  susceptible  to  wear,  and  to  those 
parts  which  are  most  likely  to  get  out  of  order  and  cause 
a  breakdown.  The  overhauling  and  dismantling  work 
connected  with  casual  and  periodic  inspection  must  be 
done  within  the  shortest  time  and  by  as  few  hands  as 
possible.  In  an  oil  motor  these  inspections  cover  mainly 
the  cylinders,  pistons  and  valves,  their  seats  and  ac- 
cessories. In  this  respect  the  Junkers  engine  offers  great 
advantages,  as  those  parts  most  susceptible  to  wear,  the 
cylinders  with   their  pistons  and   rings,  are  but  slightly 
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taxed,  owing  to  the  nictliod  of  guidin.ii.  the  relatively  small 
])iston  speed  and  the  good  lubrication.  Thus  frc(|uenf 
inspection  becomes  unnecessary.  If,  however,  such  in- 
spection should  be  required  it  may  easily  and  speedily  be 
accom])Iishcd  by  a  few  hands,  since,  for  dismantling,  only 
a  few  bolts  have  to  be  loosened.  The  fuel  injection  and 
starting  valves  are  also  easily  insi)ected,  the  disconnecting 
of  the   valve-gear  ])resenting  little  difficulty. 

In  (he  Diesel  motors  emi)loying  scavenging  valves  the 
seats  of  the  latter  and  the  valve  disks  require  frequent 
attention,  involving  considerable  labor,  for  one  can  get 
at  these  ))arts  only  by  removing  the  heavy  cylinder  covers 
together  with  their  c()m])lirateil   x'alvc-gear. 

IvoxoMK   CoNsini;i;  \ii()Ns 

The  cos!  iif  ]>i(iduction  for  a  uovmimI  ["iwer  unit  dc- 
IK'iids  mainly  on  the  weight  of  the  engine,  and  the  wages 
])aid  for  nmchining.  Owing  to  the  tandem  arrangenuMit 
of  the  Junkers  engine,  the  interlocking  of  the  forces  in 
the  driving  niechanisni,  the  high  mean  jjressure,  (>tc.,  the 
weight  of  the  engine  figures  less  than  that  of  a  normal 
two-stroke-cvclc   Diesel   engine.      .Also  the   absence  of   in- 
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tricate   castings   and  governing  elements,   and   the   sim- 
plicity of  its  parts  make  the  machining  costs  less. 

Life  and  Repairs 

As  already  pointed  out,  the  number  of  important  parts 
given  to  wear  are  small,  and  delicate  parts  working  perma- 
nently under  high  pressures  and  temperatures  or  other 
unfavorable  conditions  are  absent;  hence,  the  life  of  the 
engine  may  be  considered  long,  whereas  the  running  re- 
pairs and  renewal  costs  may  be  considered  small. 

Efficiexcy  axd  Fuel  Co>rscjiPTiox 

Owing  to  the  perfect  utilization  of  the  driving  mechan- 
ism in  the  Junkers  engine,  the  relief  of  the  main  bear- 
ings, the  simple  actuating  of  the  pumps,  the  small 
throttling  losses,  etc.,  the  mechanical  eflficiency  is  higher 
than  that  of  the  normal  two-cycle  Diesel  engine,  especial- 
ly for  large  work ;  because  in  the  case  of  the  latter,  large 
outputs  are  to  be  realized  only  by  aggregating  several  sin- 
gle-cylinder units.  The  other  favorable  features  in  the 
Junkers  engines  pertaining  to  favorable  heat  transmission 
in  the  combustion  chamber  and  excellent  scavenging 
(pure  and  cold  charge),  insure  complete  combustion  and  a 
high  thermal  utilization  of  the  supplied  fuel  energy.  The 
fuel  consumption  is  thus  kept  within  reasonable  limits. 

The  firms  building  Junkers  engines  on  the  European 
continent  are:  J.  Frerichs  &  Co.  A.  G.,  Osterholz- 
Scharmbeck;  "Weser"  A.  G.,  Bremen;  Maschinenfabrik 
"Badenia,"  Weinheim;  Maschinenbau  Aktiengesellschaft 
vorm.  Gebr.  Klein,  Dahlbruch ;  Ehrhardt  &  Sehmer,  G.m. 
b.  H.,  Saarbriicken ;  AUgemeine  Elektrizitats  Gesellschaft, 
Berlin;  Emanuel  Xobel,  St.  Petersburg;  Aktiengesell- 
schaft "Sormowo,"  Sormovo,  Russia.  The  accompanying 
illustration  shows  a  150-hp.  single-acting  Junkers  engine 
built  by  J.  Frerichs  &  Co.,  in  Osterholz-Scharmbeck,  Ger- 
many. 

Carburetor  Adjustments 

By  a.  L.  Bkexxax,  .lu. 

During  the  past  few  years  gasoline  engines  have  been 
improved  very  materially,  but  the  quality  of  gasoline  ob- 
tainable on  the  market  has  deteriorated  and  at  present 
that  supplied  in  some  localities  is  very  inferior.  Looking 
at  the  subject  broadly  it  may  be  said  that  the  modern 
carburetors  have  maintained  the  efficiency  of  the  internal- 
combustion  motor,  but  have  not  improved  it. 

When  carburetors  were  firsst  called  into  use  to  convert 
gasoline  into  a  highly  combustible  gas  through  its  admix- 
ture with  a  given  amount  of  air  under  normal  conditions, 
no  provision  was  made  to  supply  artificial  heat,  the  gaso- 
line being  highly  volatile  was  readily  taken  up  by  the 
air.  But  the  value  of  supplying  artificial  heat  soon  be- 
came apparent,  either  in  the  form  of  a  hot-water  jacket 
or  by  supplying  hot  air  or  both,  and  this  was  especially 
emphasized  after  the  quality  of  gasoline  started  to  de- 
cline. In  one  respect  the  modern  carburetors  are  superior 
to  earlier  models,  inasmuch  as  they  are  extremely  flexible 
on  one  setting  of  the  needle  valve  and  they  allow  a  wide 
range  of  speeds;  of  course,  the  auxiliary  air  valve  has 
to  be  regulated  in  some  eases. 

It  is  impossible  to  lay  down  any  fixed  rules  as  to  the 
proportions  of  gasoline  and  air  for  the  best  mixture,  as 
there  is  no  provision  made  for  measuring  these,  but  in 
practice  it  has  been  found  that  a  mixture  of  high  effi- 


ciency is  composed  approximately  of  one  part  gasoline  to 
sixteen  parts  air.  Since  these  proportions  cannot  be 
measured  directly,  the  next  best  method  is  that  of  recog- 
nizing the  symptoms  of  a  faulty  mixture  and  adjusting 
them  accordingly. 

Backfiring  when  attributable  to  a  faulty  mixture  in- 
varial)ly  indicates  a  weak  mixture  while  sluggish  opera- 
tion usually  points  to  a  mixture  that  is  over-rich. 

Consider  a  new  carburetor  or  one  known  to  be  out  of 
adjustment  and  let  it  be  desired  to  get  an  approximate 
adjustment  that,  will  allow  tlae  motor  to  be  kept  in  ojiera- 
tion  until  a  further  regulation  of  the  air  and  gasoline  can 
be  had.  Since  the  majority  of  carburetors  are  fitted  with 
valves  for  controlling  both  the  gasoline  and  air  supply  it 
will  be  quite  necessary  to  adjust  both  of  these  and  not 
merely  the  needle  valve  as  is  commonly  supjjosed.  Most 
carburetors  operate  with  the  needle  valve  open  from  three- 
quarters  to  one  and  one-half  turns ;  therefore,  if  the  valve 
is  closed  and  then  opened  one  turn  it  will  generally  suffice 
in  getting  the  motor  started  at  least.  In  regard  to  the 
air  supply,  a  fair  tension  should  be  exerted  by  the  air- 
cheek  spring  but  should  not  be  so  great  as  to  reduce  the 
volume  of  gas  the  cylinder  should  get. 

After  making  the  foregoing  adjustments  the  motor 
should  be  started.  If  on  cranking,  backfiring  takes  place, 
this  would  indicate  too  little  gasoline  or  too  much  air. 
But  in  most  cases  this  trouble  will  be  overcome  by  allow- 
ing a  little  more  gasoline  at  the  needle  valve.  On  the 
other  hand,  if  the  motor  picked  up  its  cycle  but  stopped 
in  a  sluggish  manner,  this  would  indicate  too  rich  a  mix- 
ture and  steps  must  be  taken  to  reduce  the  amount  of 
gasoline  fed  by  the  needle  valve.  But  it  must  be  remem- 
bered that  an  approximate  mixture  must  be  had  in  order 
that  the  load  can  be  placed  on  the  motor,  for  the  final 
regulation  of  the  carburetor  cannot  be  had  until  the  motor 
is  operating  successfully  under  its  average  load. 

When  a  final  adjustment  is  had  that  allows  high  op- 
erating efficiency,  any  change  that  may  from  time  to  time 
be  needed  according  to  the  speed  of  the  engine  can  be 
taken  care  of  by  the  auxiliary  air  valve.  The  needle  valve 
should  be  left  severely  alone.  This  holds  equally  true 
when  starting.  The  mixture  being  made  slightly  richer 
if  necessary  by  recourse  to  the  auxiliary  air  valve. 

Now  assuming  that  a  good  carburetor  adjustment  is 
had,  which  fact  is  clearly  indicated  by  good  operating  effi- 
ciency, but  that  trouble  unexpectedly  develops  which  is 
traceable  to  the  carburetor;  this  may  be  due  to  any  one 
or  more  of  the  following : 

Gasoline  shut  off  or  tank  air  locked; 

Gasoline  supply  exhausted; 

Water  in  carburetor; 

Needle  valve  or  pipe  clogged ; 

Carburetor  out  of  adjustment; 

Low  grade  of  gasoline ; 

Air  intake  obstructed ; 

Leaky  manifold. 

A  few  years  ago  it  was  not  uncommon  for  floats  to 
become  heavy,  due  to  fuel  soaking  and  thus  impair  the 
efficiency  cf  the  carburetor,  but  this  trouble  is  now  seldom 
encountered  as  cork  floats  are  covered  with  a  suitable  pre- 
servative and  metal  floats  are  used  in  many  cases. 

Any  mechanical  trouble  that  interferes  with  good  com- 
pression also  militates  seriously  against  good  carburetion 
and  in  order  to  realize  good  results  from  any  carburetor 
the  motor  must  be  in  good  repair  and  adjustment. 
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stituted.  The  balance  of  the  system;  that  is,  the  cou- 
(lenser,  expansion  coils  and  expansion  valve,  may  be 
similar.  In  practice,  the  brine  system  is  generally  used 
lor  an  absorption  plant,  and  either  the  brine  system  or 
direct  expansion  with  the  compression  system. 

To  show  the  similarity  between  the  two  systems,  the 
accompanying  diagram  has  been  prepared.  The  apparatus 
common  to  both,  as  shown  in  the  center  of  the  drawing, 
are  the  condenser,  receiver,  expansion  valve  and  expansion 
coils.  At  the  left  is  the  compressor  and  at  the  right  the 
apparatus  which  takes  its  place  in  the  absorption  system. 
Its  action  depends,  primarily,  on  the  high  affinity  of  am- 
monia for  water.  At  60  deg.  F.,  1  cu.ft.  of  water  will 
absorb  about  700  cu.ft.  of  the  vapor,  and  at  32  deg.  and 
atmospheric  pressure,  the  water  will  absorb  1000  times 
its  volume. 

Ill  the  is^ue  of  JIar.  11,  on  page  342,  the  cycle  of  events 


The  Absorption  System 

Between  the  years  18.50  and  1855,  Ferdinand  Carre,  of 
France,  invented  the  first  practical  ammonia  absorption 
system.  About  the  same  time,  1855,  Professor  Twining, 
in  America,  and  Jamuc  Harrison,  of  Australia,  inde- 
pendently perfected  an  ether  compression  machine,  which 
had  been  invented  in  1834  by  an  Englishman  named 
Jacob  Perkins.  The  absorption  system  took  the  lead, 
however,  and  for  30  years  was  almost  universally  used. 
Toward  the  end  of  this  period,  investigators  began  to 
realize  how  inefficient  these  early  plants  were,  and  turned 
.  their  attention  to  developing  the  compression  system.  This 
type  of  plant  was  installed  in  large  numbers,  but  the  ab- 
sorption system  did  not  quite  reach  oblivion.  The  process 
was  simple :  the  apparatus  consisted  of  a  number  of  inex- 
pensive tanks,  i^ipe  coils  and  valves,  and  no  motive  power. 


Dl.VGIiAJIMATIC    Co.AIP.AUlSOX    OF    f 'oMPIiESSIOX    AXD   AbSOHI'TION    SysTKMS 


with  the  exception  of  a  small  pump,  was  required.  Im- 
provements were  made  in  the  method  of  distilling  and 
drying  the  gas;  more  of  the  waste  heat  was  utilized;  and 
the  overall  efficiency  was  considerably  increased,  so  that 
the  absorption  system  now  has  its  place  in  refrigeration. 
Ordinarily  it  requires  about  the  same  amount  of  coal  or 
its  equivalent  but  a  larger  amount  of  cooling  water  than 
the  compression  system.  Where  exhaust  steam  is  avail- 
al)le  from  direct-acting  .steam  pumps  or  a  noncondensing 
."team  plant,  or  both,  the  absorption  system  can  be  used 
to  advantage.  In  combination  with  a  heating  load  re- 
quiring about  the  same  amount  of  steam,  the  conditions 
are  ideal.  In  warm  weather,  the  exhaust  .steam  is  utilized 
for  refrigeration,  and  the  balance  of  the  year  it  fiil- 
fill.s  the  h'-atiiig  re(|Uireinents. 

The  princiiile  of  operation  is  ju.^t  the  same  as  in  the 
compression  sy.stem,  only  the  method  of  securing  the  re- 
sults is  different.  For  the  compres.sor  of  the  compression 
system,  a  generator,  absorber  and  liquor  pump  are  sub- 


in  the  compression  system  was  illustrated.  From  the 
expansion  coils  cold  ammonia  vapor  was  drawn  into  the 
compressor  where  its  iiressure  and  temperature  were 
raised  so  that  the  boiling  point  would  be  above  the  tem- 
perature of  the  cooling  water.  This  made  it  possible  to 
condense  the  vapor  into  liquid,  which  was  passed  through 
the  expansion  valve  and  its  pressure  reduced  from  about 
185  to  16  lb.  gage.  It  then  entered  the  expansion  coils 
and  remained  in  liquid  form  until  it  absorbed  enough 
heat  from  the  refrigerator  to  convert  it  into  a  vapor,  this 
va])or  passing  on  to  the  com])ressor  as  before. 

In  the  absorption  system,  we  will  also  start  with  the 
expansion  coils.  From  there,  the  vapor  pa.sses  on  to  the 
absorber,  which  is  nothing  but  a  cylindrical  tank  in  which 
the  ammonia  is  brought  into  contact  with  a  supply  of 
water.  This  water  immediately  absorbs  as  much  am- 
monia vapor  as  it  can  liold.  and,  in  Ibis  state,  is  com- 
monly called  strong  liquor.  The  strong  liquor  is  then 
)niin))ed    into  the  gencratdr.   or  still    as   it   is  sometimes 
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called,  for  the  liquid  is  here  evaporated  by  means  of  steam 
coils  supplied  from  a  boiler  or  perhaps  some  source  of  ex- 
haust steam.  The  ammouia  iu  the  rich  liquor  naturally 
evaporates  more  rapidly  than  the  water,  and  the  pressure 
of  the  vapor  builds  up  in  much  the  same  way  as  steam 
pressure  iu  a  boiler.  As  with  the  compressor,  this  pres- 
sure must  be  high  enough  so  that  the  vapor  will  be  con- 
densed by  ordinary  cooling  water,  this  action  taking  place 
in  the  condenser.  In  liquid  form,  it  then  passes  from 
the  condenser  to  the  expansion  coils  and,  as  before,  ab- 
stracts heat  from  the  refrigerator. 

Wlien  most  of  the  ammonia  has  been  evaporated  from 
the  rich  liquor  in  the  generator,  it  is  forced  back  to  the 
absorber  b}'  the  difference  in  pressure  (usually  150  lb.  or 
more)  between  the  two  apparatus.  It  is  then  known  as 
weak  liquor.  From  being  in  contact  with  the  steam  coils 
in  the  generator  it  is  hot,  and  is  cooled  before  it  passes 
into  the  ansorber,  although  the  cold-water  coils  may  be 
located  directly  in  this  apparatus.  The  weak  liquor  then 
collects  in  the  bottom  of  the  absorber  and  is  ready  to 
take  up  a  fresh  charge  of  ammonia  vapor  which,  in  its 
turn,  is  pumped  to  the  generator. 

This,  in  brief,  explains  the  operation  of  the  absorption 
sy.stem.  In  a  plant  under  working  conditions,  there  are  a 
number  of  auxiliary  apparatus  which  were  not  mentioned. 
For  the  sake  of  simplicity  they  were  omitted,  but  will 
be  included  when  the  actual  commercial  plant  is  described. 

Winter   Work  in  Refrigerating  Plant 

P)V  Fki:i)  Oi'Hi'Ls 

This  is  tiie  time  of  the  year  in  which  the  operating  en- 
gineer of  a  refrigerating  or  ice-making  plant  finds  time  to 
overhaul  the  machinery  under  his  care  and  get  it  ready 
for  next  season's  run.  To  do  so  thoroughly  and  get  the 
best  results  from  his  labors,  he  consults  the  log  books 
which  he  has  kept  during  previous  seasons  and  these  show 
him  the  short-comings  of  various  parts  of  the  equipment. 

In  these  log  books  he  should  keep  complete  records  of 
the  coal  bought,  ashes  removed,  water,  oil  and  other  sup- 
plies purchased,  and  above  all,  the  results  of  the  plant's 
operation,  together  with  an  account  of  the  conditions  un- 
der which  tiiey  were  obtained.  There  he  .should  find  most 
of  the  temperature  and  pressure  readings  and  quantities, 
such  as  speeds  of  the  various  engines  and  pumps.  This 
data,  taken  together,  presents  a  complete  story  of  the 
plant.  It  is  of  vital  interest  to  him  if  he  wants  to  im- 
prove the  working  of  his  plant  and  make  it  do  better  every 
sea.son. 

Besides  this  story  he  should  find  under  the  heading 
"Remarks"  an  account  of  the  failures  of  parts  of  the  plant 
at  variovis  times,  of  some  repairs  which  had  to  be  left 
for  attention  until  it  was  possible  to  shut  down  for  some 
time,  and  other  points  of  importance  in  connection  with 
the  overhauling  of  the  plant. 

For  simplicity  the  following  remarks  will  be  applied 
to  a  simple  steam-driven  can  ice-making  plant,  although 
most  of  the  remarks  refer  as  well  to  the  more  complicated 
installations.  Only  the  machinery  and  apparatus  peculiar 
to  ice-making  and  refrigerating  ])lants  will  be  considered 
in  this  article. 

Falling  Off  ix  Capacity 

In  an  ice-making  system  this  can  be  due  to  a  great 
many  causes  of  which  the  following  is  a  list  of  the  prin- 
cipal ones : 


1.  Reduction  in  the  pumping  capacity  of  the  ammonia 
compressor,  caused  by  leakage  of  valves  and  piston,  an 
unnecessarily  low  ammonia  suction  pressure,  too  much 
liquid  ammonia  entering  the  compressor  with  the  vapors 
from  the  freezing  tanks. 

2.  Disturbances  in  the  operation  of  tlie  liijuifying  and 
liquid  ammonia-distributing  systems,  due  to  the  scaling 
of  the  ammonia  condensers  and  improper  distribution  of 
the  cooling  water  over  or  through  the  condensers.  In 
addition  to  this  the  available  cooling  surface  of  the  con- 
denser may  be  reduced  by  excessive  quantities  of  noncon- 
densible  gases  or  too  great  or  too  little  a  charge  of  anhy- 
drous ammonia.  The  temperature  of  the  liquid  ammonia 
at  the  point  where  it  enters  the  expansion  or  pressure-re- 
ducing valve  may  be  too  liigh.  It  may  short-circuit 
through  a  few  of  the  brine-cooling  coils  or  it  may  l)e  im- 
pure. 

3.  Loss  in  efticieiicy  and  capacity  of  the  ice-making 
system  jiroper  can  arise  from  weak  lirine,  the  brine  freez- 


Discharge  Connecfion 
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ing  on  the  brine-cooling  coils,  insufficient  circulation  of 
thebrine,  the  propeller  of  the  agitator  being  loose  on  the 
shaft,  or  having  fallen  from  it,  the  level  of  the  brine  in 
the  freezing  tank  being  too  low.  It  may  also  be  due  to 
filling  the  ice  cans  with  distilled  water  not  sufficiently 
cooled. 

Let  us  look  over  the  shoulder  of  the  engineer  and  see 
whether  or  not  we  can  learn  anything  of  interest  from 
the  figures  and  notes  before  him.  The  reduction  in  the 
]nimping  capacity  of  the  ammonia  compressor  is  a  serious 
matter  and  it  is  well  to  provide  facilities  for  determining 
at  any  time  whether  or  not  the  compressor  and  its  im- 
mediate parts  are  in  efficient  operating  condition.  The 
engineer  has  made  a  slight  addition  in  the  ammonia  con- 
nections around  the  ammonia  compressor  in  order  to  at- 
tain this  end.  The  leakage  of  compressor  valves  and  the 
piston  are  difficult  to  determine  by  taking  indicator  dia- 
grams, and  in  the  accompanying  sketch  the  ammonia  con- 
nections are  shown  arranged  in  such  a  way  that  it  is  easy 
to  find  the  causes  of  trouble. 

It  will  be  seen  from  the  sketch  that  the  ammonia  suc- 
tion  and   discharge  connections   are  furnished  with  the 
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usual  bypass  or  immp-out  piping  witji  shutoll'  valves  B 
lud  (',  and  the  ammonia  compressor  is  also  furnished 
witli  indicator  or  equalizing  connections  with  stop  valves 
F  and  G,  terminating  in  the  valve  //,  which  opens  to  the 
atmosphere.  In  addition  to  this  standard  equipment  a 
smali-valved  connection  A  is  furnished  in  the  suction  con- 
nection to  the  machine. 

Leakage  Past  Valves  and  Tiston 

To  test  for  leakage,  stop  the  machine  and  shut  the  stop 
valves  .S  and  D,  as  well  as  B  and  C.  Then  if  the  com- 
jiressor  has  not  been  pumped  out  and  tJie  valve  A  is 
oi)ened,  the  ammonia  vapor  contained  in  the  short  suc- 
tion pipe  between  the  stop  valve  S  and  the  compressor 
escapes.  Then  open  stop  valves  F  and  G  to  equalize  the 
]»ressure  ou  hoth  sides  of  the  piston  and  open  valve  // 
and  let  the  ammonia  vapor  in  the  compressor  c}dinder 
escape.  In  ease  the  discharge  valves  of  the  compressor 
are  tight,  the  flow  of  ammonia  from  valve  H  will  stop 
as  soon  as  the  ammonia  compressor  is  empty.  Then  open 
-tup  valve  D  a  turn  or  two  and  if  there  is  no  flow  from 
\alve  //.  the  compressor-discharge  valves  are  sure  to  lie 
111  good  shape. 

On  the  other  hand,  if  either  one  of  these  valves  leaks, 
aniinonia  vapor  will  flow  from  valve  H,  and  the  discharge 
\alves  must  be  removed,  inspected  and  when  necessary 
iiground  and  repaired.  In  many  compressor  construc- 
iKiiis  the  discharge  valves  are  located  in  cages  with  sep- 
arate valve  seats.  The  joints  between  these  parts  and 
the  compressor  cylinder  are  either  ground  or  made  tight 
with  gaskets.  They  are  often  the  cause  of  the  leaks  as 
they  are  difficult  to  keep  tight. 

To  test  the  suction  valves,  shut  valves  F  and  G,  and 
allow  high-pressure  ammonia  vapor  to  flow  through  the 
]iunip-out  coimcction  C  into  the  compressor  through  the 
suction  valves.  \Vh(;n  the  cylinder  is  filled,  shut  valve  (' 
and  open  valve  A.  After  the  flow  of  vapor  at  A  has 
stopped,  find  out  whether  or  not  high-pressure  gas  still 
exists  on  both  sides  of  the  compressor  piston  by  opening 
first  valve  F  and  then  valve  G.  If  vapor  escapes  from  the 
cylinder  at  iioth  the.se  points  and  none  at  .4,  the  suction 
\alves  are  tight.  Otherwi.se  the  suction  valves  must  be 
repaired. 

Compressor  piston  leakage  can  be  found,  when  all  the 
valves  are  tight,  by  filling  the  compressor  again  with  high- 
pressure  vajxir  and  allowing  the  vapor  to  esca))e  from 
valve  F  until  the  flow  stops.  Then  open  valve  G  and 
if  the  piston  is  tight,  high-pressure  vapor  will  flow 
through  the  valve.  In  the  event  that  all  tlie  vapor  on 
bcjth  sides  of  the  jiiston  has  escaped  by  way  of  valve  F, 
the  compressor  piston  rings  and  the  compressor  bore  must 
be  examined  and  repaired  if  neces.sary  at  the  earliest  op- 
j>ort  unity. 

In  practice  these  tests  do  not  take  long,  and  where  the 
size  and  location  of  the  engine  room  permits,  they  should 
be  made  on  each  compressor  at  least  once  a  month.  Some 
engine  rooms  are  so  crowded  and  poorly  located  and 
ventilated  that  this  is  impossible  and  in  the.se  cases  the 
indicator  may  be  u.sed  with  some  success  to  determine 
leakage. 

CON-DKNSEK    TUOIIII.KS 

Ivvcessive  ammonia  condenser  ])ressure  always  moans  a 
loss  in  i)lant  elliciency.  The  higher  the  condenser  ]ires- 
sure  the  greater  the  power  to  operate  the  refrigerating 
machine  and   the  higher  will   generally  be  the   tempera- 


ture of  the  liquid  ammonia  leaving  the  condenser.  It  is 
often  argued,  in  the  case  of  a  simple  distilled  water  ice- 
making  plant,  that  as  long  as  the  steam  required  to  op- 
erate the  machinery  is  just  sufficient  to  produce  the  dis- 
tilled water  there  is  no  economy  in  reducing  the  steam 
consumption  of  the  refrigerating  machine  and  of  the 
auxiliaries.  This  is  a  fallacy,  for  about  2500  lb.  of  water 
must  be  evaporated  in  the  boilers  of  such  a  plant  to  pro- 
duce enough  distilled  ^^ater  to  manufacture  a  little  over 
2000  lb.  of  distilled  water  ice.  At  least  300  lb.  of  steam 
per  ton  of  ice  made  is  lost  in  the  grease  separator  where 
it  is  removed  as  condensed  steam  with  the  oil  used  for 
lubrication. 

To  save  100  lb.  of  this  waste  would  require  a  reduc- 
tion of  about  25  per  cent,  in  the  steam  consumption  of  the 
engines  and  pumps  of  the  plant.  This  saving  often  can 
be  effected  by  reducing  the  condenser  pressure  and  in 
various  other  ways,  and  it  would  mean  a  reduction  of 
4  per  cent,  in  the  coal  pile,  an  amount  which  is  well 
worth  saving  at  the  present  prices  of  fuel. 

Excessive  condenser  pressure  can  be  produced  by  an  in- 
efficient condenser  or  by  a  good  condenser  under  poor 
operating  conditions.  All  condensers  operating  on  the 
parallel  flow  or  nearly  parallel-flow  principle  are  ineffi- 
cient, whereas  the  counter-current-flow  type  will  give  best 
results.  Experience  with  steam  conden.sers  for  turbines 
has  demonstrated  that  high  speed  of  the  steam  and  ([uick 
removal  of  the  condensed  steam  from  the  condensing 
surface,  are  the  prime  factors  in  securing  efficiency. 

Too  little  attention  is  being  paid  to  the  temperature  of 
the  liquid  ammonia  as  it  leaves  the  ammonia  condenser 
and  as  it  enters  the  expansion  valve.  Every  degree  Fah- 
renheit that  the  liquid  temperature  is  below  the  point  of 
liquifactiou  in  the  condenser  means  a  saving  in  power. 
It  often  is  the  case  that  a  condenser,  while  producing  a 
higher  head  pressure  than  one  of  somewhat  different 
construction,  will  still  be  more  economical,  due  to  the  low 
temperature  of  the  liquid  leaving  it.  This  low  tempera- 
ture of  the  liquid  must  be  preserved  until  it  reaches  the 
expansion  valve  or  otherwise  the  benefits  are  lost.  In 
case  the  liquid  lines  are  of  large  dimensions  and  long 
and  the  liquid-storage  tanks  are  of  considerable  capacity 
and  located  in  the  engine  room  there  is  often  a  consider- 
able rise  in  the  temperature  of  the  liquid  between  the 
condenser  and  the  expansion  valve.  This  conditi<ni  of 
affairs  should  be  avoided  by  either  relocating  this  part 
of  the  plant  or  else  ins;:lating  it. 

When  making  repairs  and  changes  in  the  animoiiin- 
condensing  apparatus  it  is  well  to  consider  the  alio\i,' 
points  and  some  simple  calculations  will  enable  the  op- 
erating man  to  determine  for  his  ])articular  tyi)e  of  con- 
denser, the  most  efficient  condenser  pressure,  taking  into 
consideration  the  steam  required  to  pump  the  water  over 
or  through  the  condenser  and  that  re(|uired  for  o])eraling 
the  refrigerating  machine. 

It  is  generally  recognized  that  the  closer  the  discharge 
and  suction  ])ressures  a])proach,  the  smaller  will  be  the 
horsepower  ))er  unit  of  refrigeration  or  ice  making.  That 
is  to  say,  if  the  suction  pressure  of  an  ice-making  system 
is  maintained  at  15  lb.  per  sq.iii.  gage  and  the  condenser 
]>ros8ure  could  l)o  maintained  at  practically  the  same 
j'ressure.  no  power  would  lie  required  to  circulate  the 
refrigerating  medium  except  that  to  overcome  frictional 
resistances  in  the  cycle.  Such  a  condition  of  operation 
i.s,  of  course,   im|)ossible.   But   if  the  cOTidenser  jircssure 
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cau  be  maintaiued  between  60  and  100  lb.  the  eeouomieal 
results  of  the  plant  will  be  far  better  than  when  the  con- 
denser pressure  is  maintaiued  between  100  and  200  lb. 
gage. 

The  operating  man  with  the  data  that  he  has  accumu- 
lated after  several  j'ears  of  operation  can  figure  very 
readily  which  condenser  pressures  he  should  maintain  at 
various  times  of  the  year  for  efficient  operation  and  if  the 
arrangement  and  construction  of  the  liquid  mains  and 
their  connections  do  not  permit  of  operating  the  sys- 
tem with  rJie  low  condenser  pressures  which  he  can  ob- 
tain in  the  fall,  winter  and  spring  of  the  year,  he  must 
insist  that  they  are  changed.  The  change  to  be  made 
is  to  place  the  liquid  receivers  just  below  the  ammonia 
condensers  and  either  remove  the  old  liquid  mains  and 
connections  and  replace  them  by  larger  ones  or  else  run 
additional  lines  to  prevent  excessive  pressure  drop  be- 
tween the  liquid  receiver  and  the  expansion  valves. 

It  is  needless  to  call  attention  to  the  fact  that  scale  on 
the  condensing  surface  very  much  reduces  its  efficiency 
and  when  lime  and  other  impurities  are  contained  in  the 
cooling  water  which  are  likely  to  form  scale,  the  con- 
densing surface  should  be  frequently  cleaned  and  if  pos- 
sible galvanized  so  that  painting  is  not  required.  Paint- 
ing condensing  surfaces  is  not  good  practice  as  paint  is  a 
poor  conductor  of  heat,  and,  moreover,  does  not  stay  on 
the  pipe  surface  for  any  length  of  time  on  account  of 
the  excessive  variations  in  the  temperature  of  the  pipe. 

The  reduction  in  the  cooling  and  condensing  surface 
on  account  of  the  presence  of  noncondensible  gases  can 
only  be  guarded  against  by  frequent  blowing  oft'.  These 
gases  will  form  more  rapidly  as  the  diflierence  between 
suction  pressure  and  discharge  pressure  increases.  "While 
it  has  been  often  suggested  to  collect  these  gases  in  a 
separate  receiver  located  over  the  condenser  and  con- 
nected with  it,  this  method  is  not  as  effective  as  blowing 
oft'  each  condenser  stand  separately  when  practically  all 
of  the  ammonia  has  been  pumped  back  into  the  other 
stands  of  the  condenser  and  the  receiver.  The  import- 
ance of  getting  rid  of  these  noncondensible  gases  is  often 
overlooked  by  the  operating  man,  but  good  practice  de- 
mauds  that  each  condenser  stand  of  a  refrigerating  or  ice- 
making  plant  be  blown  down  at  least  once  every  month. 
The  loss  of  ammonia  from  this  cause  can  be  reduced  to  a 
small  amount  by  careful  manipulation  and  in  that  ease 
the  benefits  of  low  condenser  pressure  will  far  offset  the 
cost  of  the  ammonia  so  lost. 

Expansion  Side  of  Plant 

Weak  brine  will  cause  a  disturbance  in  the  circulation 
of  the  brine  and  also  decrease  the  heat-conducting  capac- 
ity of  the  freezing  tank  from  the  water  in  the  cans  to 
the  coils  submerged  in  the  brine.  It  also  disturljs  the 
operation  of  the  plant  as  the  ice  cans  are  liable  to  freeze 
fast  to  the  coils. 

Special  attention  should  be  paid  to  the  circulation  of 
the  brine  in  the  tank.  It  often  happens  on  account  of  the 
inaccessibility  of  the  brine  agitator  that  the  propellers 
become  loose  and  even  fall  from  the  shafts,  in  which  case 
the  time  of  freezing  the  ice  is  increased.  A  great  many 
can  ice-freezing  tanks  lately  constructed  have  been  ar- 
ranged with  the  necessary  partitions  and  agitators  so  that 
the  brine  circulates  from  two  to  three  times  as  rapidly  as 
Was  the  custom  with  the  older  construction.  Care,  how- 
ever, must  be  taken  not  to  increase  the  speed  so  much  that 


the  stability  of  the  ice  cans  in  the  tank  is  endangered. 
In  designing  the  brine-circulating  system  for  a  freezing 
tank  it  must  be  remembered  that  uniformity  of  circula- 
tion is  of  great  importance.  To  operate  a  can  ice-making 
plant  efficiently  it  must  be  possible  to  draw  the  ice  regu- 
larly. In  many  jjlants  it  is  found  that  the  ice  freezes 
more  rapidly  in  some  of  the  cans  of  a  row  than  in  otherfe, 
so  that  time  is  wasted  in  waiting  for  the  slower  cans  to 
freeze  up  solid.  If  the  circulation  were  uniform,  the 
output  of  the  freezing  tank  could  often  be  increased  from  [ 
5  to  1 5  per  cent.  The  operating  man  who  has  had  the  op- 
portunity to  observe  the  freezing  of  the  ice  in  the  tanks 
under  his  care  for  a  whole  season's  run  will  know  exactly 
what  parts  of  the  tank  freeze  up  more  rapidly  than  others 
and  by  installing  a  wooden  partition  here  or  there  in  the 
tank  or  another  agitator  in  the  proper  place,  wonderful 
improvements  in  capacity  can  be  obtained. 

Often  the  level  of  the  brine  in  the  freezing  tank  is 
maintained  too  low.  By  watching  his  plant  carefully  the 
engineer  can  tell  at  what  height  the  brine  will  give  the 
best  results.  It  must  be  remembered  that  as  the  ice 
freezes  the  volume  of  water  and  ice  in  the  can  increases. 
Some  of  the  water  still  remaining  unfrozen  overflows  the 
top  of  the  ice  cake  and  it  is  found  that  the  height  of 
the  ice  cake  when  it  is  frozen  solid  is  nearly  9  per  cent, 
higher  than  the  body  of  water  from  which  it  is  formed. 
It  is  also  a  fact  that  it  is  the  water  in  the  top  of  the  can 
which  it  is  most  difficult  to  freeze  up  and  by  carrying  the 
brine  sufficiently  high  in  the  tank  this  part  of  the  ice 
block  can  be  made  to  freeze  up  solid  nearly  as  fast  as  the 
bottom.  If  it  is  found  that  for  such  a  height  of  brine 
the  cans  have  a  tendency  to  float,  they  should  be  secured 
in  place  either  by  wedges  or  else  by  using  heavier  cans 
made  of  say  No.  14  iron  with  very  wide  bands  around 
the  tops,  instead  of  No.  16  iron  which  is  now  the  stand- 
ard. The  higher  price  of  the  heavier  can  is  quickly  off- 
set by  the  reduction  in  the  time  of  freezing. 

The  improper  propoi'tioning  of  the  brine-cooling  coils 
in  the  can  ice-making  tank  often  leads  to  unsatisfactory 
results,  particularly  when  a  change  from  the  standard 
way  of  feeding  the  coils  by  means  of  separate  expansion 
valves  to  the  flooded  or  gravity  feed  system  is  used.  A 
length  of  pipe  coil  which  may  be  satisfactory  when  op- 
erating by  means  of  separate  expansion  valves  may  be 
entirely  out  of  ijroportion  for  good  results  when  the 
flooded  or  gravity  feed  system  is  installed.  This  is  the 
main  reason  why  the  flooded  or  gravity  feed  system  has 
in  .so  many  cases  proved  unsatisfactory.  If  it  is  installed 
properly  it  will  give  at  least  as  good  results  as  feeding 
by  separate  expansion  valves  and  in  some  cases  even  bet- 
ter results,  due  to  the  fact  that  its  adjustment  is  more 
simple. 

The  foregoing  remarks  deal  in  a  general  way  with  some 
of  the  deductions  that  it  was  possible  to  make  from  the 
engineer's  log.  In  a  later  issue  it  will  be  shown  with 
the  aid  of  some  simple  figures  what  the  economies  sug- 
gested really  mean. 


Firing  locomotives  more  economically,  the  aim  of  an 
educational  campaign  which  the  Lehigh  Valley  R.R.  Co.  has 
been  conducting  with  its  firemen,  has  resulted  in  a  decrease 
of  5  per  cent,  in  the  amount  of  coal  used  per  ton-mile  in  1912 
as  compared  with  that  for  1911.  This  is  in  spite  of  the  facts 
that  the  road  is  running  heavier  trains  than  it  was  a  year 
ago,  and  that  many  new  firemen  were  hired  in  1912. — "Engi- 
neering Record." 
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No  Enabling  Act 

The  engineers  of  Xew  Jersey  despairing,  after  thirty 
years'  struggle  with  corporation-controlled  legislatures, 
of  ever  getting  a  state  law  for  the  examination  and  licens- 
ing of  engineers  or  the  inspection  of  boilers  or  both,  are 
now  struggling  for  an  act  authorizing  such  municipalities 
as  want  such  examination,  license  and  insjiection  to  ef- 
fect it  by  local  ordinances. 

The  argument  of  the  advocates  of  this  procedure  is 
that  it  will  be  an  opening  wedge;  that  once  a  law  of 
some  kind  is  upon  the  statute  book  it  will  be  easy  to 
amend  it  and  get  what  they  want. 

They  are  fooling  themselves.  Enabling  acts  have  never 
paved  the  way  to  state  laws,  but  have  invariably  been 
barriers  to  their  enactment. 

Future  attempts  to  get  a  state  law  will  be  opposed  by 
every  dejiartment  organized  under  the  enabling  act,  with 
all  the  ardor,  vigor,  and  systematic  pertinacity  of  public 
officials  fighting  for  their  jobs. 

An  enabling  act  is  not  a  breech  in  the  defenses,  it  is 
an  additional  barricade. 

If  any  city  wants  a  local  law,  which  it  ought  not  as 
compared  with  a  state  law,  the  j)olice  and  sanitary  powers 
which  it  already  possesses  are  sufficient  for  the  establish- 
ment of  a  good  workable  department. 

The  uniform  state  law  has  got  to  come.  AVhen  a  few 
more  states  get  laws  like  Massachusetts,  Ohio,  Montana 
and  Minnesota,  and  the  users  of  steam  boilers  and  em- 
ployers of  engineers  find  that  their  object  is  to  keep  them 
from  killing  about  four  to  five  hundred  folks,  injuring 
nearly  twice  as  many  more,  and  destroying  some  half  a 
million  dollars  worth  of  property  a  year,  and  not  to 
make  the  proprietor  change  desks  or  residences  with  the 
engineer,  they  will  look  with  more  tolerance  upon  such 
laws  and  occasionally  tell  their  legislators  that  they  may 
pass  an  easy  one  and  see  how  it  will  work. 

Growth  of  Cast-iron  Tiirottle  Valve 

Superheated  steam  having  demonstrated  its  value  in 
the  power  plant  is  here  to  stay,  and  will  be  more  and 
more  used  as  time  goes  on. 

Troubles  encountered  in  the  early  days  of  its  use  have 
been  eliminated  to  a  large  extent.  More  suitable  ma- 
terials have  been  found  for  valve  parts,  and  inordinately 
higii  temperatures  of  superheat  have  been  abandoned. 
Today  the  average  temperature  of  superheated  steam 
used  is  between  100  and  125  deg.  F.  above  that  of  .satu- 
rated steam.  At  this  temperature  troubles  in  lubricating 
ii'iprocating  engines  have  greatly  diminished. 

fnteresting  instances  are  found  now  and  then  where 
the  action  of  superheated  steam  has  caused  trouble  and 
anxiety  to  the  engineer  in  charge.  In  one  such  a  hori- 
zontal steam  turbine  operating  under  normal  conditions 
suddenly  developed  a  tendency  to  race.  An  investigation 
disclosed  that  the  tlirottling  valve,  operated  liy  tlie  gov- 


ernor, and  controlling  the  volume  of  steam  admitted  to 
the  turbine  was  sticking,  and  as  the  governor  could  not 
operate  it  properly  the  turbine  would  gather  speed  when 
the  valve  stuck  in  the  open  position  and  decrease  its  .speed 
when  the  ^alve  finally  gave  way  and  moved  toward  the 
closed  j)osition. 

This  trouble  with  this  particular  turbine  had  occurred 
aljout  every  two  weeks  for  some  time  previous  and  neces- 
sitated the  removal  of  the  valve  for  dressing  down  to  fit 
in  its  chamber  without  binding.  The  trouble  was  caused 
by  the  east-iron  body  of  the  valve  growing  under  the  in- 
fluence of  the  superheated  steam.  One  dressing  would 
not  make  a  permanent  cure,  but  had  to  be  repeated  in 
about  two  weeks. 

This  particular  valve  is  expected  to  attain  its  full 
growth  in  a  few  months,  when  the  dismantling  of  the 
governor  connections  and  valve  will  be  a  thing  of  the 
past.  Just  how  much  the  cast-iron  valve  will  have  en- 
larged from  the  time  it  was  first  put  in  operation  until  it 
has  reached  its  growth  is  a  conjecture. 

Dressing  do^Ti  the  valve  requires  only  about  two  hours, 
and  does  not  affect  the  plant  output  in  this  case,  as  a 
spare  unit  can  be  started  up,  but,  in  a  small  plant,  the 
sticking  of  the  valve,  if  it  Ijecame  very  pronounced,  might 
tie  up  the  entire  service.  A  precaution  against  such  an 
occurrence  would  be  to  attend  to  the  valve  at  opportune 
times,  even  though  sticking  had  not  developed  since  the 
last  dressing. 


Feed-water  Purifying  Process 

Human  conviction  is  a  funny  thing.  Many  a  man  has 
been  honestly  convinced  of  a  veritable  impossibility,  and 
by  methods  which,  to  him  at  least,  must  have  been  un- 
questionable and   decisive. 

The  treatment  of  feed  water,  with  respect  to  its  scale- 
making  qualities,  is  a  favorite  field  for  the  exercise  of 
this  sort  of  hypnotism.  It  is  possible  to  determine  ac- 
curately how  fast  a  boiler  is  scaling  and  positively 
whether  a  process  of  treatment  is  diminishing  the  rate 
at  which  scale  is  deposited — but  nobody  does  it.  The 
matter  is  usually  one  of  judgment  and  judgment  is  flex- 
ible and  often  swayed  by  impalpable  influences. 

Some  years  ago  there  was  placed  upon  the  market  a 
cylinder,  in  appearance  like  a  small  feed-water  heater. 
All  that  was  necessary  to  do  was  to  let  the  feed  water 
pass  through  it  on  its  way  to  the  boiler,  and  all  the 
scale-making  j)ropcrties  were  gone.  The  promoters  could 
.show  you  any  number  of  statements  signed  by  reputable 
engineers  to  this  effect.  It  was  the  acme  of  simplicity, 
and,  if  it  really  ilid  what  it  was  claimed  to  3o  and  what 
these  engineers  thouglit  it  did,  it  would  be  in  use  in  every 
steam  plant  today.  So  far  as  we  know,  it  is  not  even 
upon  the  market. 

A  while  ago,  an  engineer  of  more  than  ordinary  in- 
telligence told  of  a  somewhat  similar  device  which  the 
inventor  had    instnlled    in   his   ))lant.      Tie   was  so  much 
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in  earnest  about  the  thing,  and  ialked  so  convincingly 
about  it,  that  one  of  those  who  heard  him  called  at  his 
station  when  he  happened  in  the  city  some  months  after 
to  see  it. 

"The  scale  remover?  Oh!  yes,"  said  the  engineer, 
''we've  thrown  that  out." 

"What  was  the  matter?    Did  it  stop  working?" 

"No,  it  worked  all  right;  took  out  most  of  the  scale; 
but  we  opened  it  one  day  and  found  that  there  was  noth- 
ing in  it  but  a  bunch  of  horseshoe  magnets.  I  thought 
that  if  that  was  all  it  needed,  we  could  magnetize  the 
water  easier  than  that,  so  I  made  a  solenoid  by  wrapping 
some  wire  around  the  feed  pipe,  and  I  don't  see  but  what 
it  does  just  as  much  good  as  the  tank." 

And  it  probably  did. 

For  a  couple  of  years  we  have  been  reading  of  a  Ger- 
man process  of  purifying  water  by  letting  it  trickle  over 
a  tray  of  aluminum.  If  we  remember  correctly,  sunlight 
is  either  requisite  for  or  conducive  to  the  process.  Its 
results  have  been  the  subject  for  discussion  by  learned 
bodies,  and  most  erudite  theories  have  been  advanced  to 
account  for  them.  We  do  not  presume  to  challenge  the 
efficacy  nor  orthodoxy  of  the  process,  but  we  cannot  help 
wondering  if  it  will  be  in  evidence  a  half  dozen  year* 
hence. 


High  Speed  Bearings 

J.  G.  K.  Balfry,  in  a  paper  recently  read  before  the 
Kugby  Engineering  Society,  gives  the  follov\'ing  figures 
as  representing  the  practice  of  the  Genera;  Electric  Co. 
in  the  design  of  turbine  bearings : 


Vel.  of 

rub-          Preasure 

bing  surfaces,     allowed,  lb 

ft.  per 

sec.          per  sq.in. 

Product 

20 

X          167 

2,340 

34 

X          190 

6,460 

40 

X         208 

8,320 

60 

X         229 

13,740 

Engineering,  from  which  our  knowledge  of  the  paper 
is  obtained,  calls  attention  to  the  fact  that  the  product 
of  the  velocity  and  the  pressure  amounts  to  over  17,000, 
with  the  highest  velocity,  whereas  it  used  to  be  considered 
necessary  to  keep  it  within  2500.  The  use  of  forced 
lubrication  is  doubtless  responsible  for  much  of  this  pos- 
sibility of  using  proportionately  smaller  bearings  with 
higher  speed. 

Mr.  Balfrey's  paper  brings  out  the  fact  that  another 
time-honored  practice  is  being  abandoned  by  some  firms 
when  designing  high-speed  bearings.  It  has  been  the 
universal  practice  to  cut  oil  grooves  in  the  brasses.  The 
theory  of  the  high-speed  bearing,  however,  as  developed 
by  Osborne  Reynolds,  robs  these  grooves  of  any  obvious 
purpose,  and,  in  fact,  it  might  not  unfairly  be  argued  that 
they  are  actually  detrimental.  It  is.  therefore,  of  interest 
to  note  Mr.  Balfre/s  statement  that  some  makers  now 
consider  grooving  of  this  kind  unnecessary,  it  being,  they 
hold,  sufficient  to  supply  oil  along  the  whole  length  of  the 
bearing  at  about  the  horizontal  center  line. 


Safety  and  Responsibility 

A  letter  recently  received  on  the  above  subject  told  of 
a  boiler  inspector  who  was  about  to  test  a  safety  valve 
by  comparison  with  his  gage  when  the  engineer  suggested 


iliat  the  inspector's  gage  first  be  tested  with  a  dead- 
weight tester  which  the  engineer  happened  to  have.  The 
gage  was  found  to  read  10  lb.  light.  Hence  if  the  in- 
spector had  reset  the  valve  it  would  have  been  set  for 
10  lb.  too  great  a  pressure. 

The  letter  was  not  printed  because  it  seemed  to  make 
too  much  of  what  is  probably  a  very  rare  happening. 
That  an  inspector's  test  gage  should  be  absolutely  and  un- 
questionably correct  goes  without  saying.  So  should  a 
physician's  thermometer  or  any  other  measuring  instru- 
ment upon  the  records  of  which  much  depends.  These 
things  are  so  ])atent  there  is  no  occasion  to  discuss  thein 
at  any  length. 

Tlie  remissne.ss  of  one  inspector  should  not  be  held  up  as 
a  reilection  on  the  profession  or  any  one  but  the  single 
inspector  who  was  negligent.  In  no  field  will  every 
member  be  found  faithful  to  his  duties.  In  the  case  in 
question  it  may  not  have  been  carelessness,  but  unwitting 
confidence  in  an  instrument  that  was  presumed  to  be 
correct. 

The  moral  of  it  all  is  that  since  so  much  is  expected  of 
a  boiler  inspector,  he  must  walk  more  circumspectly  than 
Ills  less  e.xalted  brothers  and  see  to  it  that  no  one  can 
catch  him  with  an  inaccurate  instrument  or  any  other 
evidence  of  la.xity  in  his  work.  If  he  has  no  pride  in  the 
matter  a  sense  of  his  responsibility  for  the  safety  of  a 
great  many  lives  should  make  him  unrelenting  in  his 
diligence  and   carefulness. 

The  two  large  horizontal  return-tubular  boilers  which 
were  tested  to  destruction  by  James  E.  Howard,  formerly 
in  charge  of  the  Department  of  Tests  at  the  AVatertown 
Arsenal,  and  now  connected  with  the  U.  S.  Bureau  of 
Standards,  both  failed  at  the  cast-iron  manhole  frames 
(see  PowEK,  Dec.  5,  1911).  At  other  tests  made  shortly 
afterward  by  Alex  M.  Gow,  at  Ishpeming,  Mich.,  on  boil- 
ers owned  by  the  Oliver  Iron  Mining  Co.,  the  boilers 
failed  in  the  same  way.  We  understand  that  the  boil- 
ers, which  exploded  recently  at  the  plant  of  the  Howland 
Pulp  &  Paper  Co.  (see  Power,  Feb.  4.  1913),  gave  out 
around  the  manholes,  which  also  had  cast-iron  frames. 
This  appears  to  be  a  vulnerable  part  of  the  shell  boiler. 
The  use  of  cast  iron  for  this  purpose  has  been  abandoned, 
but  many  boilers  with  cast-iron  frames  are  still  in  use  and 
should  be  watched. 

It  is  said  that  some  four  hundred  horsepower  will  be 
required  to  overcome  the  bearing  friction  in  the  twentj' 
thousand-kilowatt  turbine  which  is  being  built  by  C.  A. 
Parsons  &  Co.  for  the  Commonwealth  Station  at  Chi- 
cago. This  is,  however,  only  about  one  and  a  half  per 
cent,  of  the  capacity  of  the  unit,  and  is  equivalent  to 
about  as  much  heat  as  would  be  generated  by  burning 
some  eighty  pounds  of  coal  per  hour.  The  ability  of  the 
bearings  to  dissipate  this  is  a  striking  illustration  of 
the  advance  which  has  been  made  in  bearings  and  their 
operation.  The  modern  method  of  forced  lubrication  not 
i>nly  materially  reduces  the  friction  of  the  bearing,  and 
thus  the  amount  of  heat  which  it  generates,  but  the  oil 
itself,  which  is  circulated  through  a  cooler,  is  made  a 
vehicle  for  carrying  off  of  heat  at  a  much  greater  rate 
than  that  at  which  it  could  be  dissipated  by  convection 
and  radiation  from  the  surfaces  of  the  bearings  them- 
selves. 
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Forced  Draft  Outfit 

A  handy  way  to  control  forced  draft  is  shown  here- 
with. The  steam  pressure  operates  a  damper  reguUitor 
which  controls  the  speed  of  the  1)lower  engine  by  operat- 
ing a  throttle  valve  iu  the  engine  steam-supply  ]iipe.  The 
arrangement  works  as  follows : 

The  steam  pressure  having  ilro])pe(l,  the  ilanqier  regu- 


D.nri'i;i;-covTitor,  Aim'ai; aiis 

lalor  operates  in  tlic  usual  way  and,  as  shown  liy  (lie  il- 
histration,  turns,  liy  means  of  a  wire  cord  and  lever,  the 
(lain]ier  rod  A,  to  which  all  of  the  dampers  are  connected. 
This  ojicr-ition  also  opens  the  balanced  valve  B  in  the 
steam   line  of  the  blower  engine,  and  the  engine  speeds 

Whrn  the  sleani  reaches  the  pressure  foi-  whi(  h  the 
dani])er  regulator  is  set,  the  operation  is  reversed,  the 
clamper  nearly  closing  and  the  throttle  nearly  shutting 
off  the  steam  to  the  blower'  engine  so  it  does  not  come 
to  a  full  stop.  The  amount  of  valve  o])cning  is  adjusted 
by  the  turn  buckle  D.  As  the  blower  is  always  running 
piowly  the  damper  must  be  open  a  little  to  let  gases  pass 
to  the  stack;  this  opening  is  adjusted  bv  the  adjustiiitr 
liolt  f. 

Previous  to  applying  means  of  reguhiling  the  draft  a 
small  bole  was  drilled  through  the  seal  in  (he  balance 
valve  to  supply  steam  to  the  fan  engine  when  ruiniing 
slowly,  but  this  was  not  satisfactory.  The  new  arrange- 
ment works  very  .successfully  and  requires  little  or  no  at- 
tention. We  are  burning  three  parts  screenings  1o  one 
of  soft  coal. 

Fast  Boston.  Mass.  Claiikxci;  U.  Davis. 


Thawing  Frozen  Water  Pipes 

Starting  a  fire  in  a  hot-water  heater  to  thaw  the  con- 
tents of  the  circulation  pipes  is  not  a  satisfactory  method 
of  procedure  as  will  be  attested  by  a  chauffeur  who  tried 
it  recently  with  disastrous  result. 

On  entering  the  garage  the  extremely  low  teniiierature 
of  the  atmosphere  suggested  that  the  grooming  of  the 
automobile  could  best  be  conducted  if  the  said  tempera- 
ture should  be  made  more  congenial.  Following  along 
the  line  of  this  instinctive  suggestion  the  chauifenr  con- 
ceived the  idea  that  the  hot-water  heater  could  be  placed 
in  commission  and  the  desired  warmth  easily  and  quickly 
obtained.  An  e.xamination  disclosed  the  fact  that  the 
contents  of  the  pipes  had  congealed,  but  what  regularly 
qualified  chauffeur  would  be  fazed  by  the  simple  proposi- 
tion of  converting  the  ice  into  water  and  subsequently 
heating  the  water?  A  fire  was  quickly  kindled  in  the 
heater  and  as  no  visible  effects  were  expected  during  the 
transmutation  an  adjournment  to  the  comfort  of  the 
furnace-heated  cellar  of  the  adjacent  house  was  in  order. 
Lucky  chauffeur!  A  few  minutes  later  a  "mysteri- 
ous" explosion  l:)lew  out  the  window  of  the  garage,  bulged 
the  rear  wall  outwardly  a  distance  of  6  in.,  seriously 
marred  the  glossy  surface  of  the  helpless  automobile  and, 
incidently,  quickly  and  effectively  removed  the  partitions 
of  what  was,  in  the  days  before  automobiles  had  become 
iiulispcnsaiile.  a  harness-) oom  wherein  was  loi-ated  the 
heater. 

When  the  excitement  had  somewhat  subsided  an  in- 
vestigation revealed  that  the  heater  was  missing,  hut  the 
ice  which  could  be  seen  projecting  from  the  ends  of 
the  broken  pipes  proved  positively  that  the  idea  of  fir- 
ing up  the  heater  to  thaw  the  frozen  contents  of  the 
pipes  is  not  practical  and  therefore  cannot  be  ajijiroved. 

The  chauffeur  states  that  he  was  examined  and  licensed 
to  "have  charge  and  operate"  automobiles  and  not  hoi- 
water  heaters,  although  he  is  fast  ac(piiring  a  I'uiid  of 
inforiuation  lui  what  "not  to  do"  in  luanipiilatiiig  the 
latter. 

Chahi.ks  F.  AoA.\rs. 

Lvnn.   Mass. 


Deranged  Cutoff  Gear 

One  luoniing  one  of  the  two  Corliss  engines  in  a  cer- 
tain plant  began  taking  steam  at  full  .stroke,  but  it  was 
shut  down  before  the  flywheel  reached  the  bursting  point. 

All  examination  of  the  valve-gear,  etc.,  disclosed  that 
the  set.scrow  A  in  the  governor  arm  C  had  worked  loose, 
allowing  the  arm  to  turn  on  the  shaft  />.  Then  the  steam- 
valve  latch  pushed  the  cam  back  out  of  the  way.  causing 
the  engine  to  take  steam  full  stroke. 

The  engineer  set  the  arm  C  back  fo  its  ]iid)>er  ])laee 
and  marked  the  shaft  and  bell  crank  for  future  reference. 
The  sbaff  and  bell  crank  were  then  taken  info  the  ma- 
chine shop,  a  hole  drilled  and  a  pin  fiffi'il   in  where  the 
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setscrew-  had  been.  This  eliminated  any  danger  from 
future  trouble  at  this  point. 

One  day  at  a  later  date,  when  the  engineer  was  about 
to  shut  down  the  second  engine,  it  began  running  at  a 
terrific  speed  when  the  load  was  taken  off.  An  examina- 
tion showed  that  the  key  in  the  erank-end  exhaust  valve 
had  worked  loose.  The  key  was  driven  home  and  after  an 
examination  the  engine  was  started  again.  It  came  up 
to  normal  speed  and  then  went  higher  as  the  throttle  was 
opened. 

It  was  noticed  that  when  the  engine  was  running  at  a 
little  above  normal  speed  ihe  sleeve  E  on  the  governor 
came  up  against  the  collar  D.  That  prevented  the  gov- 
ernor from  going  any  higher,  and  no  matter  how  fast  the 
engine  ran  the  cutoS  remained  the  same.  The  engine  was 
shut  down,  and  the  setscrew  was  loosened  in  the  collar, 


Troublesojie  Goverxor 

which  was  raised  %  in.  After  the  setscrew  was  set  up  the 
governor  was  blocked  up  to  the  collar  and  the  engine 
started,  but  did  not  come  quite  up  to  speed.  Then  the 
block  was  taken  from  under  the  governor  and  the  engine 
now  goveriis  with  or  without  its  load. 

After  the  collar  D  had  been  raised,  the  safety  stop  was 
moved  out  of  the  way  to  be  sure  that  the  governor  would 
come  down  to  its  proper  place.  On  some  makes  of  gov- 
ernor, if  the  collar  B  is  too  high,  the  governor  arm  F 
would  be  held  up,  and  if  the  governor  belt  should  break 
or  run  off,  the  safety  would  be  of  no  use. 

0.  L.   Sherman. 

Duluth.  Minn. 

Running  Engine  with  Badly  Bent 
Crankpin 

On  a  101/2  and  84  by  27-in.  cross-compound  vertical 
engine,  the  low-pressure  crankpin  became  hot  and  tended 
to  stick  fast  and  both  pin  and  brasses  were  badly  scored ; 
the  crankpin  was  also  bent.  The  connecting-rod  end  was 
of  the  marine  tv-pe  and  no  amount  of  oil  would  cool  the 
pin.  even  when  the  bolts  were  slacked  off  two  turns.  With 
the  bolts  slacked  off  and  the  crankpin  bent,  the  engine 
knocked  very  badly  as  it  made  150  r.p.m. 

Wliile  waiting  for  a  new  crankpin  the  trouble  was  over- 
come as  follows : 


The  crankpin  brasses  were  chamfered  out  as  shown  at 
AAAA  in  the  illustration,  until  the  rod  swung  evenly  on 
each  side  of  the  crosshead-pin  center  in  all  crank  posi- 
tions. A  little  clearance  was  also  given  the  brasses  at  the 
sides,  so  as  not  to  allow  them  to  bind  while  the  engine  was 
running.  The  crosshead-pin  brasses  were  also  made  a 
little   looser   on   the   wristpin.     With   this   arrangement 


Norma  I  position  of  era  n  h  pin  shown  doited 

How  THE  Brasses  Were  Chamfered  to  Allow  Bext 
Pin  to  Turn  Freely 

the  crank  brasses  rolled  on  the  crankpin  as  the  crank  ro- 
tated. The  brasses  were  than  made  to  fit  as  tight  as  pos- 
sible without  heating.  This  stopped  the  knocking  almost 
completely  and  with  plenty  of  oil  supplied  to  the  pin 
the  engine  ran  without  further  trouble. 

J.  McA.  HOWDEN. 
Melbourne,  Australia. 

How  Did  It  Happen? 

These  diagrams  were  taken  from  the  low-pressure  cyl« 
inder  of  a  12s22xl8-in.  single-eccentric  Corliss  cross- 
compound  condensing  engine  connected  to  a  vertical  am- 
monia compressor.  The  boiler  pressure  was  100  lb.,  re- 
ceiver pressure  14  lb.,  vacuum  24  in.,  speed  90  r.p.m.,  and 
the  scale  of  the  diagram  10  lb.  per  inch. 


Diagrams  from  Low-pressure  Cylinder 

I  found,  after  taking  the  diagrams,  that  the  exhaust 
valves  were  line  and  line  when  the  wristplate  was  in  the 
center,  so  I  thought  everything  was  all  right.  But,  upon 
taking  out  the  valves,  I  found  they  were  upside  down. 
AMien  I  put  them  in  again,  the  marks  came  exactly  line 
and  line,  the  same  as  when  the  valves  were  upside  down. 

I  would  like  readers  of  Power  to  suggest  how  this 
could  have  happened. 

F.  A.  Hunter. 

Provinceto^ni,  Mass. 

The  National  Tube  Co.  and  some  other  manufacturers  of 
pipe  are  to  start  the  practice  of  rolling  their  names  in  the 
pipe.  This  decision  is  coincident  with  that  of  discontinuing 
the  rolling  of  merchant  (lighter  than  standard  weight)  pipe, 
and  will  save  the  purchaser  from  misrepresentation  while 
any    of   the    old    merchant   pipe    remains   on   the   market. 
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Buckling  of  Boiler  Tubes 

My  attention  has  been  called  to  the  letter  of  C.  R. 
Summers,  in  the  issue  of  Jan.  14,  undertaking  to  criticize 
my  comments  on  the  buckling  of  tubes  in  the  Aug.  27 
issue. 

His  intimation  that  my  comments  were  theoretical 
rather  than  practical  are  not  to  the  point.  Nevertheless, 
I  might  add  that  they  are  based  on  actual  working  con- 
ditions in  not  only  one  but  hundreds  of  various  experi- 
ences. He  seems  to  have  overlooked  entirely  the  point  of 
my  argument,  which  was  the  fact  that  the  overheating 
and  expansion  of  the  tubes  was,  in  most  cases,  the  result 
of  the  scale  deposit.  He  even  makes  me  say  that  the 
scale  in  a  water  tube  will  hold  it  so  tightly  that  it  cannot 
expand. 

My  statement  was  to  the  ert'ect  that,  when  a  tube  ex- 
pands it  iiaturally  expands  along  the  lines  of  least  re- 
sistance; that  a  water  tube  usually  expands  upward  and 
a  fire  tube  downward.  Naturally,  certain  conditions  can 
be  created  or  conceived  that  would  render  the  opposites 
of  this  statement  true.  There  are  exceptions  to  all  rules. 
In  fact,  I  illustrated  the  case  of  the  arch  tubes  in  loco- 
motives where  the  scale  is  on  the  inside,  but  where  the 
tubes  carry  a  heavy  weight,  in  which  case  the  tube  sags. 

I  ask  Mr.  Summers  to  examine  the  two  lower  rows  of 
tubes  in  any  water-tube  boiler.  Those  are  the  tubes  that 
are  subjected  to  the  greatest  heat,  yet  when  they  liuckle, 
that  buckling  is  invariably  upward. 

If  my  theories  are  at  fault,  I  am  willing  to  acknowledge 
tiiat  I  am  in  error,  but  Mr.  Summers'  argument  is  far 
from  convincing. 

C.  S.  Davis. 

Buffalo,   X.   Y. 

Mr.  Booth's  Condenser  Problem* 

The  condenser  i)roblem  presented  by  Booth  in  the 
Dee.  17  issue  is  very  interesting.  His  analyses  and  state- 
ments are  so  clear  that  one  wonders  he  was  unable  to  ar- 
rive at  a  correct  solution. 

Mr.  Booth  notes  that  if  the  condenser  got  too  liot 
"gravity  got  the  u])per  hand  and  sto])i)ed  the  injector 
\vater  su])ply."  He  understands  that  atmos]iheric  pres- 
sure was  the  f(jrce  that  lifted  the  water  at  ordinary  times 
and  he  knows  atmospheric  pressure  was  present  on  a  hot 
day;  then  wliy  did  the  water  fail  to  rise?  Let  us  begin 
liere  and  work  along  to  a  solution  and  rest  assured  it 
will  bear  no  resemblance  to  peri)e(ual  motion. 

When  that  steam  engine  in  the  cotton  mill  completed 
a  stroke  and  the  exhaust  valve  opened,  there  was  thrown 
away  into  the  atmosphere  a  cylinderful  of  steam  at,  let 
us  say,  about  4  lb.  pressure.  For  illustration  it  is  un- 
important whether  it  was  exactly  4  or  .'{  or  fJ  lb.  Like- 
wise, the  exact  value  of  the  latent  heat  in  that  steam 
IS  not  important.     Let   us  call  it  1000  B.t.u.      It  is  im- 

•Prcvlou.s    discussion    of   this    subject   appeared    In    the    Jan. 


I'ortant  to  note  that  this  steam  is  absolutely  thrown  away 
by  the  engine ;  so  whatever  loss  or  gain  this  may  occasion 
ilsewhere,  cannot  be  reckoned  as  a  detriment  to  the  en- 
gine. 

Every  pound  of  steam  exhausted  by  the  engine  con- 
tains about  1000  B.t.u.,  and  this  represents  energy  to  the 
value  of  778,000  ft.-lb.,  or  sufficient  energy  to  raise  45,- 
000  lb.  of  water  from  the  pond  up  the  17-ft.  pipe  into  the 
condenser.  But  40  lb.  of  water  to  each  pound  of  steam 
is  a  liberal  allowance  for  circulating  purposes,  though 
only  a  little  of  that  energy  can  be  used.  Most  of  it  must 
flow,  as  heat,  into  the  pond  and  there  be  radiated  to  the 
atmosphere.  While  the  weather  is  cool,  this  process  goes 
on  rather  rapidly,  but  on  a  hot  day  these  heat  units  per- 
sist in  clinging  to  the  water.  In  time  the  water  gets 
so  "clogged"  up  with  them  that  it  cannot  absorb  them 
fast  enough  in  the  condenser.  The  vacuum  falls  and 
trouble  begins. 

There  is,  then,  plenty  of  heat  energy  in  the  steam  to 
lift  the  water,  but  when  the  water  cannot  absorb  this 
energy,  the  work  .stops.  It  begins  to  look  as  though  Mr. 
Booth  was  correct  when  he  surmised  that  the  energy 
was  supplied  by  the  steam. 

Let  us  make  one  more  test.  Cut  off  the  .>;team  from 
the  condenser;  water  will  now  be  lifted,  not  by  a  vacuum 
in  the  condenser,  for  that  has  disappeared,  but  by  the  di- 
rect action  of  the  pump.  We  see  now  that  we  have  not 
obtained  our  vacuum  for  nothing.  To  get  it  we  have 
used  heat  units  that  cost  money.  And,  from  the  fact 
that  only  when  the  water  absorbs  energy  from  the  steam 
can  we  get  the  vacuum,  which  is  the  cause  of  the  lift 
of  the  water,  we  mu.st  conclude  that  the  energy  is  really 
furnished  by  the  heat  in  the  steam  that  the  engine  can- 
not use. 

It  cannot  be  sliown  that  "the  vacuum  was  or  should  l)e 
a  trifle  less  as  a  result  of  the  water  climbing  up  against 
the  action  of  gravity."  Three  things  arc  needed  to  cause 
a  flow  of  fluid;  a  region  of  low  pressure  (relative),  a 
region  of  higher  pressure  and  a  connection  between  the 
two.  The  water  in  the  pond  was  the  region  of  higher 
pressure  in  this  case,  the  injection  pipe  the  link  or  con- 
necting piece,  and  the  condenser  chamber  the  region  of 
low  pressure.  Let  us  say  we  have  there  a  vacuum  of  24 
in.,  or,  an  altsolute  ])ressure  of  3  lb.  Out  on  the 
])ond  we  have  a  ]ircssure  of  nearly  1.")  lb.  per  sq.iu..  or  a 
difference  of  about  12  lb.  ])er  s(|.in.  And  the  jircssure 
will  be  suificient  to  sustain  a  column  of  water  21  ft. 
high,  or,  counting  friction,  bends,  etc.,  it  ought  to  lift 
water  20  ft.,  whereas  the  lift  to  the  eondeiLser  is  only  17 
ft.  From  this  we  see  that  water  would  flow  in  too  freely 
unless  we  decreased  the  flow  of  the  injection  water  by 
l)artly  closing  the  valve.  Surely  it  would  not  hel])  mat- 
ters any  to  ])ump  more  water  into  the  condenser,  and  if 
water  will  run  in  too  freely  fidni  tlic  jtond.  which  is  17 
ft.  below  the  condenser,  there  could  be  no  giiin  from  let- 
ting water  flow  into  the  condenser  from  a  tank  on  the 
roof. 
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Only  by  converting  the  steam  back  into  water  can  tlie 
engine  get  the  energy  represented  in  the  latent  heat  of 
its  exhaust  steam.  So  the  little  work  the  steam  does 
in  forming  the  vacuum  cannot  lessen  the  efficiency  of 
the  engine,  and  since  we  must  waste  about  a  thousand 
times  the  energy  required  to  raise  the  water,  it  is  not 
going  to  help  the  situation  if  we  use  other  energy  to 
do  this  work. 

William   K.   Dixox. 

Xorwood,  Mass. 


The  condenser  probleni  proposed  by  W.  H.  Booth  can 
be  explained  by  the  general  theory  of  the  siphon  and  the 
jet  condenser.  Let  us  analyze  this  case  into  its  ele- 
ments and  see  what  we  have  by  not  allowing  any  steam 
to  enter  the  condenser. 

We  can  assume  that  the  riser  is  full  of  water.  This 
ii--  true  because  we  know  that  theoretically  the  atmospheric 
pressure  will  support  a  column  of  water  34  ft.  high.  When 
there  is  no  steam  admitted  the  pump  raises  the  water 
17  ft.  by  suction,  and  discharges  it  down  the  discharge 
pipe,  the  length  of  which  is  17  ft.  The  latter  part  of 
the  work  is  done  by  gravity,  and  the  pump  is  really  do- 
ing no  work  at  all,  except  that  of  overcoming  the  fric- 
tion of  the  water  in  the  pipe,  elbows,  etc.  We  have 
practically  a  siphon;  the  down-going  water  raises  the 
incoming  water.  The  only  work  which  the  pump  does  is 
to  overcome  the  friction  of  the  water  in  the  pipe.  By 
changing  the  speed  of  the  pump  we  change  the  quan- 
tity of  water  pumped. 

Thus  far  we  have  had  practically  atmospheric  pres- 
!i.ure  in  the  condenser.  Suppose  now  that,  in  addition 
to  simply  running  the  water  through  the  condenser,  we 
admit  exhaust  steam,  which  comes  in  oontaet  with  the 
spray  of  the  incoming  water  and  thus  condenses.  By 
condensing,  the  steam  produces  a  vacuum.  The  reason 
it  produces  a  vacuum  will  be  clear  from  the  following 
figures:  A  pound  of  steam  at  atmospheric  pressure  oc- 
cupies about  27  cu.ft.  This  same  pound  of  steam  sud- 
denly cooled  and  changed  into  water  (by  a  spray,  for 
example),  will  occupy  less  than  Vioo  oi  a  cu.ft.  Thus 
we  see  that  nearly  the  entire  space  suddenly  contains 
no  matter;  that  is,  a  vacuum  is  formed.  The  pressure 
v/ould  fall  to  zero  if  it  were  not  that  water  always  has 
some  vapor  present  at  any  temperature,  and  that  some 
noncondensable  gases  come  in  with  the  steam.  To  keep 
this  vacuum  continuous  the  pump  must  constantly  re- 
move the  water,  condensed  steam  and  gases. 

Now  let  us  see  the  combination  we  have,  siphon  and  con- 
denser together.  The  water  is  sent  up  the  risers,  not  by  the 
pump,  but  by  the  difference  between  the  pressure  at  the 
lower  end  of  the  riser  and  that  within  the  condenser. 
The  pressure  of  the  water  in  the  top  of  the  riser  equals 
atmospheric  pressure  minus  that  due  to  its  17  ft.  of 
height.  Since  atmospheric  pressure  corresponds  to  about 
34  ft.  of  water,  the  pressure  in  the  riser  corresponds  to 
34  ft.  minus  17  ft.,  that  is,  17  ft.  of  water.  Therefore, 
for  any  water  to  flow,  the  vacuum  in  the  pipe  and  con- 
denser must  be  less  than  the  pressure  corresponding  to 
17  ft.  of  water.  This  vacuum  is  easily  attainable  and 
corresponds  to  about  15  in.  of  mercury.  For  the  same 
reason  that  the  pressure  at  the  bottom  of  the  riser  is 
equal  to  17  ft.  of  water,  that  at  the  top  of  the  downtake 
pipe  is  equal  to  17  ft.  of  water.  Therefore,  the  only 
work  which  the  pump  must  do  is  to  force  the  water  and 


gas  from  the  vacuum  pressure  (less  than  17  ft.  of  water) 
iigainst  the  frictional  resistance  offered  l)y  the  pipe.  The 
rost  of  the  work  is  done  by  gravity  in  the  downtake  pipe. 

The  energy  to  lift  the  water  comes  from  the  differ- 
ence in  pressure  that  exists  between  the  vacuum  and  the 
lo]>  of  the  riser.  The  vacuum  is  not  at  all  affected  by 
the  manner  in  which  the  water  gets  iii,  whether  it  falls 
ill  by  gravity,  is  pumped  in,  or  is  sucked  in.  The  vac- 
uum depends  on  the  amount  which  does  get  in  and  on 
its  temperature.  There  must  be  enough  cold  water  to 
condense  all  the  steam  entering  the  condenser.  The 
quantity  of  water  which  will  flow  through  a  pipe  depends 
tm  the  difference  of  pressure  causing  the  flow  and  on 
the  diameter  of  the  pipe.  In  the  case  we  are  discussing 
tliere  must  necessarily  be  a  differ  nee  of  pressure  be- 
tween the  top  of  the  riser  and  the  vacuum  of  less  than 
17  ft.  of  water.  Therefore,  to  get  a  large  quantity  of 
water  we  would  need  a  large  pipe. 

In  the  installation  in  question,  the  reason  that  ".some- 
limes  in  summer  gravity  got  the  upper  hand"  is  that  the 
j)ipe  was  not  large  enough  to  supply  sufficient  condensing 
water,  more  water  Ijeiiig  needed  in  summer  than  in 
winter,  because  it  is  warmer  and  has  less  heat-absorbing 
capacity  up  to  the  temperature  of  the  steam. 

F.    GiTHEXS. 

New   York  City. 

Removing  Large    Cylinder  Heads 

Having  read  of  James  McClure's  sling  for  removing 
cylinder  heads,  I  l)eg  leave  to  submit  the  following  sketch, 
illustrating  a  means  for  doing  this  that  I  have  used  very 
successfully  on  some  large  units  of  which  I  have  had 
charge : 


Eye-bolt  to  Facilitate  Removal  of  Cylixdei!  Heap 

The  illustration  is  self-explanatory.  An  eye-bolt  of 
the  same  diameter  as  the  cylinder-head  bolts  is  usually  of 
sufficient  strength  to  hold  the  head.  A  hook  or  rope  may 
be  passed  through  the  eye-bolt  when  lifting  off  the  head. 

By  lifting  off  a  head  in  this  manner  the  threads  on  .the 
stud-bolts  are  not  likely  to  become  damaged,  the  tackle 
taking  the  weight  of  the  head. 

R.   H.   SCHAFEK. 

Trenton,   X.  J. 
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Roil  Pat-kiiiK  Thickness — Why  are  the  stuffing:  boxes 
larger  on  larger  engines,  requiring  larger  packing,  e.g.,  if 
%-in.  packing  will  hold  on  a  rod  1%  in.  in  diameter  why  will 
it  not  hold  on  a  rod   4   in.   in   diameter? 

E.    T.    K. 

The  larger  the  diameter  of  a  rod  the  greater  is  the  circum- 
ferential length  of  the  area  to  be  kept  packed,  consequently 
the  greater  is  the  total  elasticity  required  of  the  packing-  to 
keep  it  tight.  The  greater  amount  of  elasticity  is  obtaini-il  by 
employing  a   thicker   packing. 


Pump  Steam  Consumption — Why  do  ordinary  direct-acting 
steam  pumps  take  more  steam  per  horsepower  per  hour  than 
steam    engines? 

L.    S.    W. 

The  larger  consumption  of  steam  pumps  per  horsepower- 
hour  is  not  to  be  attributed  to  their  not  being  well  made,  but 
rather  to  their  having  to  take  steam  the  full  stroke,  and 
the  steam  end  is  under  other  disadvantages  of  operation,  as 
irregular  and  slower  piston  speed  and  greater  waste  of  steam 
from   necessary  clearance  spaces. 


Repairing?  Bagged  Boiler — Hew  big  a  bag  in  a  boiler 
would  it  be  safe  to  drive  back  into  place  instead  of  cutting 
out  the  bag  and  putting  in  a  hard  patch? 

A.   L. 

The  size  bag  it  would  be  safe  to  drive  back  would  de- 
pend on  the  size  of  the  boiler  and  the  pressure  carried.  For 
boilers,  60  in.  in  diameter  and  upward,  probably  no  bag 
larger  than  10  in.  in  diameter  nor  bagging  more  than  ^  of 
its  diameter  should  be  forced  back.  If  there  is  any  doubt 
at  .ill,  it  is  better  to  cut  out  the  bag  and  insert  a  patch 
with   well-rounded  corners. 


.Vvoiilln^  Static  Electric  SliockM — How  can  the  shocks,  due 
to  static  electricity,  from  belts,  shafting  and  hangers  be 
avoided?  Does  the  static  electricity  affect  motors  or  gen- 
erators? 

J.    H.    G. 

Charges  of  static  electricity  can  be  dissipated  by  ground- 
ing some  metallic  part  of  each  section  affected  with  a  gas 
or  water  pipe.  A  ground  from  a  hanger  will  carry  away  the 
charge  of  static  electricity  from  all  parts  in  metallic  con- 
tact with  it.  Any  other  section  more  or  less  insulated  from 
the  first  will  require  a  separate  ground.  The  static  charge 
has   po  effect   on   electrical   machinery. 


Meter  Correction — What  correction  should  be  made  to  the 
reading  of  a  meter  calibrated  to  read  in  pounds  of  water  at 
212  deg.  F.,  whin  the  water  is  eight  degrees  hotter  than 
boiling? 

L.   F.    U. 

A  cubic  foot  of  water  at  212  deg  F.  weighs  59.833  lb. 
and  at  220  deg.  F.,  5JI.63  lb.,  according  to  I.andolt  and  Born- 
gtein's  Tables  (1905).  Hence,  the  reading  of  a  volumetric 
meter,    calibrate.!    for    212    deg.    F..    .should    b.-    multiplied    by 


0.90111 


it  to  the  tru( 


It  220  deg.   F. 


Homeponer   ConMtanI — What    in   meant    by    the    hor.ieiiower 
constant    of   an    engine    and    how    is    It    obtained? 

I.  A.  R. 
^The  horsepower  constant  is  the  number  of  horsepower  per 
pound  of  mean  effective  pressure  developed  by  an  engine 
when  running  at  Its  normal  speed.  It  will  br-  different  for 
different  speeds.  Knowing  the  constant,  one  need  only  mul- 
tiply the  mean  effective  pre.ssure  (obtained  from  an  Indicator 
diagr.im)  by  this  constant  to  kno%v  what  Indicated  horse- 
powi  r  the  engine  Is  developing.  Kvldently.  bv  the  definition, 
the  horsepower  constant  is  all  of  the  "PLAN"  formula  ex- 
cept  the  P.  or 


L.\N 

33.000  ~  '■"n^l-'n' 

which  indicates,  therefore,  that  to  find  the  constant  one 
should  multiply  the  length  of  stroke  in  feet  by  the  cross- 
sectional  area  of  the  cylinder  in  square  inches,  and  by  the 
number  of  strokes  per  minute  (twice  the  number  of  revolu- 
tions)   and   divide   by   33,000. 


Height  of  Liiiuid  in  Horizontal  Cylindrical  Tank — To  what 
height  will  3000  gal.  of  water  fill  a  horizontal  cylindrical 
lank.   6   ft.   in  diameter  and  25  ft.   long? 

K.    T.    B. 
Presuming  that  the  tank  has  one   inward  and  one  outward 
bumped    head,    its    volume    will    be    the    same    as    if    both    ends 
were    flat,    and    will   equal 

6  X  6  X  0.7854  X  25  X  1728 


231 


3287.  6S  gal. 


The  tank  when   containing  3000  gal.   will  therefore  be 
0.oG7 


3000 
.5287.  S8 


part    full 

The  area  of  a  circle  1  ft.  in  diameter  is  0.7S54  sq.ft.  and  a 
horizontal  tank  1  ft.  in  diameter,  filled  in  the  same  pro- 
portion as  the  6-ft.  diameter  tank  when  containing  3000 
gal.,  would   have  0.567   of  the   head  submerged  or 

0.7S54  X  0.567  =  0.4453     sq.ft. 
This    would    leave. 

0.7S54  —  0.4453  =  0.34    sq.ft.    unsubmerged. 
From  a  table  of  the  areas  of  segments  of  a  circle  of  diam- 
eter   equal    to    1.    it    is    found    that    a    segment    of    0.34    area 
would    have    a    height    of    0.44S,    hence    the    submerged    depth 
■would    be 

1  —  0.44S  =  0.552. 
For  a   tank   (!   ft.    in   diameter   the   depth    would   be 

0.552    X    6    =    3.312  ft. 
or  about  3  ft.    S%    in. 


Computed  Factor  of  Evaporation — The  usual  tables  for 
factors  of  evaporation  do  not  go  above  212  deg.  F.  How 
can  the  factor  be  obtained  when  the  feed  water  tempera- 
ture   is    220    deg.    F. ? 

B.     F.     1,. 

The  factor  of  evaporation  for  conditions  beyond  the  range 
of  the   tables  may  be  computed    from   the   formula 


whe 


H 


lb. 


steam   at 


Total    heat    above    32    deg.    F, 

boiler   pressure 

h  =  Total   heat  above  32   deg.   F.   of   1   lb.   of   feed   wal^r. 

970.4  =  Heat    of    evaporation,    or    latent    heat    of    steam    at 

212  deg.   F.      (From  Marks  &  Davis  steam  tables). 

Suppose    the    boiler    pressure    to    be    100    lb.    gage,    then    the 

absolute    pressure    would    be    114.7    or,    practically,    115    lb.    per 

sq.in.      From    the    Marks    &    Davis    tables,    the    value    of   H    lor 

115    lb.    abs.    Is    1188. S    B.t.u.    and    for    h    for    220    deg.    F.    188.1 

B.t.u.      Substituting   In   the   equation. 


r 


1188  8  —  188. 


1000  7 
970  4 


=   1.0312 


«nl 


970.4 

This  shows  that  one  factor  cannot  be  obtained  from  an- 
er  as  given  In  a  table  by  any  percentage  correction,  but 
y  as  a  difference.  If  tables  of  factors  of  evaporation  are 
liable   for   feed   water  at    200   deg.    F.,   and   for   the   existing 


boiler    pressure,    the    actual    factor    can    be    computed    as    fol 
lows: 

As  the  heat  above  32  deg.  1 
200  deg.  F.  Is  167.04  B.t.u.  and 
the  correction  Is 


In    I    lb.    of    feed    water    at 
t     220    (leg.    F.     188.1     B.t.u., 


.1  —  167.94       20.16 


0.0208 


970.4  970  4 

to  obtain  the  true  factor  of  evaporation,  when  the  tem- 
ature  of  the  feed  water  Is  220  deg.  F..  subtract  0.0208  from 
factor  for  feed  water  at  200  deg.  F. 
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Mensuration — Pakt  VII 
Spherical  Segment 

lu  the  last  lesson  we  learned  that  the  volume  of  a 
sphere  is  equal  to  its  surface  multiplied  by  one-third  of 
its  radius,  because  the  sphere  can  be  considered  to  con- 
sist of  a  great  number  of  pyramids  of  equal  altitude  wiih 
their  apexes  all  meeting  at  the  center.  If  we  take  away 
enough  of  these  pyramids  we  might  have  a  spherical  sec- 
tor as  in  Fig.  1  and  the  volume  of  this  sector  would  be 
equal  to  the  sum  of  the  volumes  of  the  pyramids  remain- 
ing, so  that  the  law  still  holds  and  the  volume  of  the  sec- 
tor will  equal  the  product  of  the  surface  of  the  part  of 
the  sphere  left  (in  this  case  a  zone)  by  one-third  of  the 
radius.  Then,  given  any  spherical  sector  of  known  radius, 
we  have  but  to  tind  the  area  of  the  zone  to  be  in  position 
to  determine  the  sector's  volume. 

We  also  learned  in  the  last  lesson  that  the  area  of  a 


Vi  =  i  a  X  -^  r- 
where  a  is  the  altitude  of  the  cone  and  equals  the  radius 
of  the  sphere  minus  the  height  of  the  segment  or 

a  =  R  —  h 
Sulistitutiiig  in  the  last  equation 

V,  =  i  (/^  —  /O   X  TT  ?•= 
Now,  subtracting  this  volume  from  that  of  the  spheri- 
cal sector  and  the  volume  of  the  spherical  segment  of  one 
base  becomes 

r,  =  §^7?^;,  —  [1  (E  —  h)  X  TT?-] 
which  reduces  to 


V. 


(2  E-  h  —  r-  E  +  r-  h) 


A 


2  7T  R  h 


where 


This  formula  is  a  bit  awkward  to  use  and  involves  both 
the  radius  of  the  sphere  and  the  radius  of  the  base  of  the 
segment,  whereas  generally  only  the  radius  of  the  base 
is  known  when  it  is  desired  to  find  the  volume  of  a 
spherical  segment.  What  we  need  then  is  to  know  the 
radius  of  the  sphere  in  terms  of  the  radius  of  the  base. 

In  Fig.  3,  which  is  a  vertical  section  through  the  cen- 


X^ 


Fig.  1. 


Fig.  2. 


Fig.  3. 


R  =  Radius  of  the  sphere : 
]i.  =  Height  or  altitude  of  the  zone. 
Xow  we  can  construct  one  formula  for  the  volume  of 
a  .spherical  segment  for  we  have  seen  that  it  will  be 


T    =AX^ 


Substituting 

r 


the  value  of  A  and  we  have 
E  _ 
3    ~ 


ter  of  the  sector,  we  find  a  right  triangle  formed  by  r,  a 
and  E  and,  as  we  learned  some  time  ago, 
E-  =  r-  +  a' 
To   avoid  bringing  in  a  we  will  take  its  equivalent, 
E  —  /(,  and  substitute  it,  then 

R2  _  ,.2  +   (fi  _  hy- 

which  reduces  to 

r-'  +  h-i 


R  h  X 


E'  h 


K  = 


■Ih 


From  the  forms  that  we  have  become  familiar  with  we 
recognize  in  the  spherical  sector  the  combination  of  two 
— a  spherical  segment  of  one  base  and  a  cone — and  we 
might  separate  them  as  in  Fig.  2.  Xow  we  see  at  once 
the  way  to  find  the  volume  of  a  spherical  segment  of 
one  base  for  we  have  only  to  subtract  the  volume  of  the 
cone  from  that  of  the  spherical  sector,  both  objects  the 
volumes  of  which  we  now  know  how  to  determine. 

Calling  the  radius  of  the  base  of  the  segment  r,  the 
volume  of  the  cone  is 


Xow  substituting  this  in  our  formula  for  the  volume 
of  the  segment  and 


F, 


^iK^ 


V^V'— (^^1-- 


which  is  even  more  formidable,  but  this  happily  reduces 
(though  we  will  not  here  go  through  the  tedious  algebraic 
process)  to 

y„  =    ^  /(  (3  r-  +  h^)  =  0.5236  /(   (3  r-  +  Ir) 

which  is  a  handv  formula  and  may  be  .stated  as  follows: 
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Rule :  To  find  the  volume  of  a  single-hose  spherical 
segment,  add  three  times  the  square  of  the  radius  of  the 
ha.se  to  the  square  of  the  height  and  multiply  the  sum 
by  the  height  and  hy  0.5236. 

In  the  rarer  cases  where  the  radius  of  the  sphere  is 
known  but  the  radius  of  the  base  of  the  spherical  segment 
is  not  known,  we  will  need  a  formula  which  also  may  be 


Fig.  4. 

derived  from  the  first  one  by  substituting  the  value  of  r- 
in  terms  of  R  and  h. 

Going  back  again  to  the  relation  of  the  squares  of  the 
sides  of  a  right  triangle 

R^  =  r"  J^   (i?  _  7,)2 

this  may  also  be  solved  for  P,  when  it  gives 
r^  =  2  Rh  —  r- 
Substituting  this  in  the  first  equation  for  the  segment 
volume  and  we  have 


T^  =   -  [-2  R^  h  - 
which  reduces  to 


(2  R  h  —  h-)  R  +  {2  R  h  —  Ir)  h] 


R—-\  =  3.Ul(;/i2 


R 


which,  interpreted  as  a  rule,  states : 

Rule:  To  find  the  volume  of  a  spherical  segment,  suh- 
tract  one-third  of  the  height  of  the  segment  from  the 
radius  of  the  sphere  and  multiply  the  difference  hy  the 
square  of  the  height  and  -i.lJtlG. 

The  last  formula  will  be  useful  in  the  next  step — to 
find  the 

Volume  of  a  Spheiucal  Segmext  Having  Two  Basks 
Obviously  the  volume  of  a  segment  of  two  bases  is  the 
same  thing  as  the  difference  between  the  volumes  of  two 
single-liase  segments,  as  indicated  in  Fig.  4,  the  larger 
fine  containing  the  smaller.     Then  the  formula  would  be 

'■  =  "'.'("-'^)-^".=  ("-1f) 

w  lie  re 

/(,  =  Height  of  the  larger  single-base  segment; 

h„  =  Height  of  the  smaller  single-base  segment; 
wjiich  reduces  to 

V  =  1.5708  h  //•,2  +  r,/  -f  j\ 

■where 

h  =  Height  of  the  double-base  segment; 


Ti  =  Radius  of  lower  base; 

r,  =  Radius  of  upper  base. 

Expressed  as  a  rule  this  states : 

Rule:  To  find  the  volume  of  a  double-hase  spherical 
segment,  add  the  square  of  the  radius  of  the  lower  base, 
the  square  of  the  radius  of  the  upper  base  and  one-third 
of  the  scjuare  of  the  height  and  multiply  this  sum  hy  the 
height  and  1.5708. 

Just  to  prove  our  formula  let  us  take  a  segment  with 
its  lower  base  equal  to  a  great  circle  and  its  upper  base 
equal  to  zero.  We  know  that  such  a  .segment  would  be  half 
of  a  sphere  or  a  hemisphere  and  its  volume  should  prove 
to  be  half  that  of  the  whole  sphere.  Under  these  condi- 
tions 

7\  will  equal  R 
r„  will  equal  0 
/(  will  equal  R 
Then  substituting  in  the  formula 


V  =  1.57(18  R  (  R-^  -{-  0  -\-  ^\  =  1.5708/'7?3  +  ■^' 


=  1.5708  X 


4^» 


and  since  1.5708 


■i  R^       - 
X  -^^  =  -  X  4  7?3  =  =  -  7?3 


which,  true  enough,  is  one-half  of  ^  tt  R^.  the  volume  of  a 
sphere. 


Fig.  5. 


Fi(i.  6. 


Example:  What  will  be  the  volume  of  a  two-base 
spherical  segment,  the  height  of  which  is  2  ft.,  the  diam- 
eter of  the  lower  ba.se  8  ft.  and  that  of  the  ippor  base 
7  ft.? 

Applying  the  formula,  we  get 

7  =  1.5708  X  2  X   (1=  +  3.5=  +  V^\  = 
92.939  cu.fi.  Ana. 
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Calculating  Capacity  of  BiiiPED  and  Dished 
Head  Tanks 

The  heads  of  humped-  and  dished-head  cylindrical 
tanks,  such  as  those  shown  in  Figs.  5  and  6,  are  nsually 
in  the  form  of  single-base  spherical  segments. 

We  see  that  it  is  easy  to  find  the  volume  of  a  tank  with 
one  bumped  and  one  dished  head,  when  the  voLimes  of  the 
segments  formed  by  the  heads  are  equal,  as  in  Fig.  5. 
The  volume  of  such  a  tank  will  be  the  same  as  that  of  a 
<;\'indrical  tank  with  flat  heads  and  whose  length  is  the 
di-tance  betv,-^en  the  bases  of  the  segments  formed  by 
the  heads,  because  the  increase  of  vohuiic  .iuu  to  the 
bumped  head  is  equal  to  the  decrease  of  volunie  due  to 
the  dished  head. 

Hence,  the  volume  of  Fig.  5  will  be 
1 ,  3-  X  0.7854  X  6  X  1728  =  73,287.24  cu.iii. 

The  volume  of  a  cylindrical  tank  with  two  bumped 
heads,  such  as  Fig.  6,  will  equal  the  volume  of  the  cylin- 
drical part  plus  the  volume  of  the  segments  formed  by 
both  heads.     Let  us  calculate  this  volume. 

The  volume  of  the  cylindrical  part  will  be 
42-  X  0.7854  X  80  =  110,835.65  cu.in. 

Using  the  formula  for  finding  the  volume  of  a  single- 
base  spherical  segment,  and  substituting  we  have 

]■=  0.5230  X  4  [(3  X  21  X  21)  -f  (1  X  4)|  = 
2804.4  nt.in. 

This  multiplied  by  2  will  give  the  volume  ol'  both  seg- 
ments, or 

3804.4  X   3  =  5608.8  cu.in. 
which  added  to  the  volume  of  the  cylinder,  equals  the 
volume  of  the  whole  tank  or 

110,835.65  +  5608.8  =  110,444.45  cu.in. 

ExAitPLEs  FOR  Practice 

(1)  A  knoll  back  of  a  boiler  house  is  to  be  removed 
to  permit  extending  the  boiler  house.  If  the  knoll  is 
shaped  like  a  single-base  spherical  segment  and  is  50  ft. 
in  diameter  by  20  ft.  high,  what  will  it  cost  to  remove 
the  knoll  at  $1.04  per  cu.vd.  (one  cubic  yard  equals  27 
cu.ft.)  ? 

(2)  The  pressure  tank  on  a  hydraulic  elevator  sys- 
tem has  humped  heads.  The  cylindrical  part  of  the  tank 
is  12  ft.  long  by  4  ft.  in  diameter,  the  altitudes  of  the 
bumped  heads  are  each  12  in.  What  is  the  capacity  of  the 
lank  in  gallons? 


Probably  the  most  notable  railway  electrification  project 
at  the  present  time  is  about  to  be  undortaken  in  connection 
with  the  suburban  steam   railways  of  Melbourne,   Australia. 

The  system  includes  289  track  miles  and,  the  potential 
selected  is  1500  volts  direct  current.  Among  the  reasons 
given  for  the  selection  of  high-tension  direct  current  instead 
of  single-phase  alternating  current  was  that  the  motor-car 
equipment  with  the  former  is  simpler;  hence  the  maintenance 
■u"ill   be   less. 

Power  will  be  supplied  from  a  central  station  at  Tarra- 
ville,  a  suburb  of  Melbourne,  in  the  form  of  three-phase  25- 
cycle  current  at  20,000  volts.  It  will  be  stepped  down  and 
converted  into  direct  current  of  1500  volts  at  12  substations 
at  various  points  on  the  system.  The  high-tension  transmis- 
sion is  by  underground  cables  from  the  po"wer  house  to  the 
substation  in  the  centra;  area  and  by  overhead  conductors 
carried  on  the  same  structures  which  carry  the  trolley  wire. 
Roller   pantagraphs   will   be    used. 

The  complete  system  will  represent  an  expenditure  of 
about  $12,000,000.  and  an  American  firm,  the  General  Elec- 
tric Co..  has  been  awarded  the  contract  for  furnishing  the 
rolling-stock  equipment. 


OVER    THE    SPILLWAY 

jrST     JESTS,     JABS.     JOSHES      AND     JUMBLES 


"It  is  hoped  that  some  day  one  company  and  one  plant 
will  furnish  all  the  heat,  light  and  power  in  every  city  of 
the  United  States",  says  the  "Wall  Street  Journal."  Godfreys 
clinkers!  this  editor  is  some  classy  little  optimist.  Just  as 
soon  as  this  plant  is  ready  to  operate,  Ignatius,  we  will  tip 
you  to  the  job  as  'chief  engineer.  It  ought  to  pull  down  good 
money,  considering  the  responsibilities.  In  the  meantime, 
hang  on  to  your  present  job. 

Soon  it  will  no  longer  be  necessary  to  have  the  structural 
formation  of  a  dachshund  to  see  around  a  corner.  A  Berlin 
engineer  has  invented  a  combination  of  photography  and 
telegraphy  "whereby  a  person  can  see  what  is  going  on 
thousands  of  miles  away."  Won't  ever  be  popular  with 
those   of   us  who  sit   up   nights  with   sick   friends. 

"To  make  two  kilowatts  grow  svhere  only  one  grew  be- 
fore," says  "Electrical  World,"  "is  the  purpose  of  the  Society 
for  Electrical  Development."  This  body  is  big  with  purpose 
to  extend  the  use  of  electricity  for  industrial  and  domestic 
use.  Bully!  It's  a  fine  thing  to  be  public  spirited,  even  for 
a  consideration,  but — it  would  be  interesting  to  know  just 
how  it  intends  to  aid  the  development  of  the  isolated  plant. 

Because  of  short  coal  weights,  says  the  Interstate  Com- 
merce Commission,  the  retail  dealers  and  consumers  annually 
lose  $20,000,000.  Who  gets  it?  Can't  blame  Hi  Stack  this 
time.  Hi  never  even  got  a  look-in  on  this  huge  lump  of 
combustion  product. 

"Lend  us  a  passivt   ear." — "Valve   World." 

We  have  a  team  of  ears  that  are  sound  and  kind,  and 
fit  for  a  lady  to  drive  n  whisper  into,  but  unfortunately  they 
won't  stand  without  hitching.  Tou  can  have  almost  anything 
else  from  us,  neighbor,  our  lawn  mower,  a  setting  hen,  our 
calabash  pipe  or  our  fuzzy  hat,  but  our  passive  ear!  We  pray 
thee    hold   us   excused. 


More  than  one  kind  of  "juice"  may  be  run  through  a  con- 
duit. A  Philadelphia  merchant  Is  said  to  have  600  12-in. 
lengths  of  tile  ducts  entering  the  wall  of  his  wine  cellar  to 
serve  as  receptacles  for  wine  bottles.  Each  piece  of  12x4-in. 
conduit  holds  a  quart  bottle  comfortably.  —  "Electrical 
World." 

Any  operating  engineer  ■who  contemplates  reconstructing 
his  wine  cellar  is  welcome  to  this  tip. 

As  long  ago  as  163S,  Spanish  engineers  proposed  that 
a  canal  be  dug  across  the  Isthmus  of  Panama,  If  the  in- 
terests of  better  and  uniform  boiler  laws  are  under  con- 
sideration as  long  as  was  the  canal,  some  of  us  may  lay  upon 
the  hillside,  or  perhaps  there'll  ba  a  good  working  sub- 
stitute  for  the   boiler. 

Govanovich  Sneezardski,  a  Pole  and  an  electrician,  has 
had  his  name  legally  changed  to  Coffin.  Except  P.s  a  time- 
saving  kink,  wherein  lies  the  advantage?  The  first  seems 
but  preliminary  to  the  other.  Ought  to  get  this;  sneezy 
enough  if  you  work  it  out. 

"For  quiet  service  rendered,"  the  City  Club,  of  New  York 
City,  recently  gave  a  dinner  to  that  city's  "faithful  un- 
knowns." men  who  solve  problems  without  appreciation, 
shed  their  constancy  and  loyalty  outside  the  spotlight'.'! 
glare,  and  remain  "unhonored  and  unsung."  Some  of  us  have 
to  do  it,  and  while  the  money  compensation  is  mainly  what 
we  are  after,  there  is  still  satisfaction  in  the  thought  that 
dollars  and  cents  are  not  always  adequate  pay  for  what 
we  do  well   and  quietly. 

Prof.  Marx,  of  Paris,  says  the  aim  of  his  life  is  to  "show 
how  it  is  possible  to  be  happy."  This  is  a  good  long-dis- 
tance aim,  and  ought  to  hit  some  marks.  Having  studied  the 
matter  to  his  satisfaction,  the  learned  Marx  declares  that  a 
man  may  be  happy  with  a  broken  leg.  To  make  it  a  sure 
thing,  why  not  break  both  legs?  Then  the  patient  just 
couldn't    kick;    he    wouldn't    have    a   leg   to    stand   on. 
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Sarco  Water  Temperature  Regulator 

The  Sarco  wator-teniperature  regiUalor.  Fig.  1,  is 
ictuated  b}'  the  expansion  of  a  sensitive  liquiil  liermetical- 
ly  sealed  witjiin  a  cliamber  into  which  is  inserted  a 
flexible  corrugated  tube. 

It  can  be  arranged  to  regulate  the  temperature  of  water 
or  any  other  liquid  where  a  supply  of  steam  or  hot  water 
IS  u.sed  to  obtain  the  desired  temperature  within  any 
given  container.  The  apparatus  has  an  adjustable  regu- 
lating device  by  which  any  desired  temperature  within 
given  limits  can  be  maintained  constantly.  The  internal 
construction  of  the  apparatus  is  shown  clearly  iu  Fig.  2. 

In  installing  the  apparatus  the  thermostatic  element 
is  inserted  in  the  tank  or  container,  the  temperature  of 
which  is  to  be  regulated,  and  the  valve  is  connected  in  the 
steam  or  hot-water  pipe,  opening  or  closing  according  to 
the  temperature  in  the  tank. 

There  are  three  principal  parts  to  the  regulator.  The 
thermostatic  element,  which  is  inserted  in  the  boiler  or 
tank,  the  controller  element,  and  the  valve  K.  Fig.  2. 

The  thermostatic  element  4  is  a  tubular  receptacle  con- 
taining a  heavy  hydro-carbon  oil  into  which  is  inserted  a 
piece  of  corrugated  copper  tubing,  the  length  of  which 


The  regulator  is  simple  and  is  capable  of  delicate  ad- 
justment, by  increasing  or  reducing  the  space  in  which 
the  expandable  fluid  i.>  confined  by  extending  or  con- 
tracting the  corrugated  tube  B. 


Fi'i.  1.  H.Aiifo  Tf.mpekatche 

REGUL.'VTOn 

is  extended  or  reduced  by  turning  the  regulator  head  C. 
From  tlii.s  thermostatic  element  a  piece  of  fine  I'opper  tub- 
ing D  pa-sse.s  to  the  controller  G,  which  also  contains  a 
piece  of  corrugated  tul)ing  capable  of  com])ression  when 
an  increa.'fe  of  tempc^rature  causes  the  surrounding  licpiid 
in  A  to  expand.  The  tiiermustatic  ejeriicnt  .1.  the  con- 
necting coi)j(er  fidie  />  and  the  controller  G  form  a  her- 
metically clo.sed  chamber.  When  tiie  temperature  in- 
creases in  .'1  the  pressure  increa.«es  and  is  transmitted  to 
0,  causing  a  compres.sion  of  tlie  copper  tube  F,  which 
forces  out  the  j)iston  /  and  tends  to  close  the  valve  K. 
The  spiral  springs  E  and  J,  operating  in  the  opposite  di- 
rection, tend  to  keep  the  valve  open. 


Fig.  2.   Sectioxal   View  of 

Ki:GL"LAT()Ii 

This  regulator  is  made  bv  the  Sarco  Engineering  Co., 
116  Broad  St.,  Xew  York  City. 

Lecture  on  Condensing  Apparatus 

Members  and  friends  o!  the  James  Watt  Xo.  7  As- 
sociation of  the  X.  A.  S.  K.  listened  to  an  interesting  and 
instructive  lecture  on  •'The  fare,  Operation  and  Troubles 
of  Condensing  Apparatus,"  by  Brother  C.  H.  Bromley, 
associate  editor  of  Poweh,  at  their  ipiarters  307  West 
Fiftv-fourth  St.,  Xew  York  City,  Saturday  evening. 
Mar.  8. 

After  reviewing  the  types  and  purposes  of  condensers, 
the  speaker  emphasized  the  growing  importance  of  con- 
denser practice,  especially  in  tur!)ine  operation,  where 
high  vacua  are  essential  to  economy.  Mr.  Bromley  urged 
tlie  engineers  to  be  exceedingly  careful  in  the  operation 
of  high-vacuum  apparatus,  as,  because  of  its  high  initial 
cost,  close  attention  was  necessary  to  make  it  a  well  pay- 
ing investment. 

To  assist  in  caring  fur  tlic  Mpparatus.  a  form  of  con- 
denser log  was  shown  (iaterji  slide)  which  contained  col- 
nmns  for  half  hourly  readings  of  vacuum,  load  in  kilo- 
watts, and  temperature  readings  of  the  inlet  and  outlet 
circulating  water,  hotwell,  air-pump  discharge,  condenser 
steam  inlet  and  con<lenscr  rear  bead.  Hy  keejiing  sucli  a 
log.  the  speaker  saiil.  the  ojierator  cduld  (piickly  locate 
the  source  of  any  condenser  troulile. 

Among  the  many  views  shown  were  some  illustrating 
the  latest  design  of  marine  wedgcrshapeil  condensers, 
which  arc  proving  advantageous  in  reducing  the  (dfect  of 
air  in  surface  condensation. 
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As  to  packing  for  the  tubes  of  surface  condensers,  the 
lecturer  said  that  one  large  condenser  manufacturer  has 
adapted  the  fiber  ferrule  as  superior  to  all  others,  when 
driven  tightly  into  the  stutfing-box. 

Refreshments  were  served  after  the  lecture. 


NEW    PUBLICATIONS 


ELEMENTS  OP  HEAT-POWER  ENGINEERING.  By  C.  F 
Hirshfeld  and  W.  N.  Barnard.  Professors  at  Cornell 
University.  Published  by  John  Wiley  and  Sons,  New- 
York.  1913.  Size  9x6  in.;  SOO  pages,  illustrated,  cloth. 
Price   $5. 

A  very  successful  attempt  is  made  to  present  in  a  single 
volume  the  essentials  of  engineering  thermodynamics  as  well 
as  the  principles  governing  the  design  and  performance  of 
the   various   types   of   heat   engines   and   auxiliaries. 

In  the  first  two  chapters  the  definition  and  elementary 
laws  of  heat  energy  are  presented.  In  connection  with  the 
laws  of  conservation  of  energy  and  the  statement  of  the 
mechanical  equivalent  of  heat,  too  much  space  is  devoted  to 
the  discussion  of  the  well  known  forms  of  perpetual  mo- 
tion. Under  specific  heat,  emphasis  is  laid  on  the  fact  that 
the  value  for  the  mean  specific  heat  should  be  used  only  in 
calculations    involving    the    given    temperature    range. 

The  elements  of  steam  and  gas  power  plants,  as  well 
as  the  losses  occurring  during  the  transformation  of  heat 
into  work  are  clearly  explained  and  illustrated  in  chapter 
III.  The  insertion  of  a  chapter  of  this  character  at  the  be- 
ginning is  desirable  as  the  understanding  of  the  practical  de- 
tails should  enable  the  reader  to  follow  more  easily  the  more 
complicated  theoretical  considerations  in  the  subsequent 
chapters. 

The  laws  of  gases  are  treated  in  Chapters  IV,  V,  VI  and 
VII,  and  the  fundamental  principles  of  reversibility  and  en- 
tropy are  taken  up  at  considerable  length.  This  is  followed 
by  a  study  of  gas  cycles,  including  the  Carnot  cycle,  the 
Stirling  and  Ericson  regenerative  cycles,  and  the  Otto  and 
Brayton    internal    combustion    engine    cycles. 

Chapters  IX  and  X  are  devoted  to  the  laws  of  vapors, 
mainly  steam.  The  process  of  steam  generation  in  a  boiler  is 
clearly  illustrated  and  the  steam  table  constants  are  de- 
duced. Methods  are  also  given  for  the  construction  of  the 
temperature — entropy    and    Mollier,    or    heat — entropy    charts. 

The  laws  of  vapors  are  applied  in  Chapter  XI  and  XII  to 
the  study  of  thermal  lines  and  vapor  cycles.  Comparisons 
are  made  of  the  Carnot  cycle  with  gases  and  vapors.  The 
authors  then  differentiate  between  the  Clausius  and  the 
Rankine  vapor  cycles,  the  expansion  being  complete  in  the 
first    case    and    incomplete    in    the    latter    case. 

The  definitions  of  power,  efficiency  and  performance  are 
taken  up  in  Chapter  XIII.  The  efficiencies  discussed  include 
the  Carnot  efficiency,  the  cycle  efficiency,  the  indicated  or 
cylinder  efficiency,  the  mechanical  efficiency,  the  thermal  effi- 
ciency and  the  overall  efficiency  of  a  heat  engine.  Various 
methods  of  stating  the  performance  of  heat  engines  are 
given  and  graphical  methods  for  representing  them  are 
outlined. 

The  theoretical  steam  engine  is  discussed:  the  difference 
between  the  theoretical  and  the  actual  steam  engine  being 
brought  out  also.  The  fundamental  differences  between  va- 
rious types  of  steam  engines  are  very  briefly  outlined  in 
Chapter  XVII  and  this  is  followed  by  a  consideration  of 
governors  in   the   next  chapter. 

In  the  chapter  on  valve  gears  the  principles  of  the  valve 
ellipse,  the  Zeuner,  the  Sweet  and  the  Bilgram  valve  diagrams 
are  explained.  The  effect  of  the  angularity  of  the  connecting 
rod  is  pointed  out  and  a  method  is  presented  for  correcting 
the  various  valve  diagi-ams  when  short  connecting  rods  are 
used.  The  necessity  for  compression  to  gradually  reverse 
the  pressure  on  the  bearings  and  the  effects  of  lead  and 
early  release  are  defined.  The  objections  to  the  slide  valv-- 
are  indicated  and  the  details  of  piston  valves,  multiported 
and  balanced  slide  valves  are  ill'ustrated.  The  peculiarities 
in  the  design  of  valve  gears  for  high  speed,  medium  speed 
and  slow  speed  engines  are  then  explained,  including  piston 
and  balanced  slide  valves,  independent  cut-off  piston  and 
slide  valves,  and  valve  gears  with  oscillating  valves  with 
and   without   the   trip   cutoff. 

Steam  consumption  curves  for  different  methods  of  gov- 
erning are  presented  and  Willan's  law,  for  the  total  steam 
consumption,  is  shown  to  hold  true  for  engines  with  throt- 
tling governors.  Tables  showing  the  efficiencies  and  steam 
consumption   of  various   types   of   engines  are   given. 


Steam  turbines  are  discussed  in  Chapter  XXII,  in  which  it 
is  brought  out  that  the  thermodynamic  problems  in  steam 
turbine  design  are  centered  in  the  nozzle,  the  conversion  of 
the  kinetic  energj"  of  the  jet  into  work  being  a  dynamic 
problem.  The  thermodynamics  of  the  ideal  steam  turbine  is 
considered,  the  effects  of  throttling  and  superheating  being 
illustrated  by  means  of  the  Mollier  diagram.  A  diagram  is 
also  presented  showing  the  relation  between  the  available 
energy  of  the  steam  entering  a  steam  turbine  and  that  de- 
livered by  the  shaft  as  useful  work;  this  diagram  also  illus- 
trates the  various  losses  such  as  leakage,  nozzle  and  bucket 
losses,  windage,  radiation  and  mechanical  losses.  The  prin- 
ciple commercial  types  are  then  explained,  and  brief  mention 
is  made  of  the  field  of  application  of  high  and  low-pressure 
turbine    types. 

Three  chapters  are  devoted  to  internal  combustion  engines 
and  the  Otto  and  Diesel  cycles  are  explained.  Emphasis  is  laid 
on  cylinder  arrangements,  carburetors  for  volatile  fuels  and 
vaporizers  for  heavy  oils,  methods  of  governing,  gas  and 
mixing  valves,  ignition  systems,  and  the  complete  valve 
gear.      Performance    curves    are    also    given. 

Chapters  XVII,  XVIII  and  XIX  are  devoted  to  the  consider- 
ation of  fuels  and  combustion.  The  necessary  air  supply  and 
the  practical  requirements  for  complete  and  smokeless  com- 
bustion are  explained.  Grates,  furnaces,  stokers  and  burn- 
ers for  liquid   fuels  are   Illustrated. 

Steam  boilers  are  next  taken  up.  The  selection  of  a 
boiler  is  discussed  and  several  representative  types  are  de- 
scribed. In  connection  with  the  boiler  performance,  the 
authors  express  the  equivalent  evaporation  both  in  terms 
of  the  old  and  the  newr  values  for  the  latent  heat  of  eva- 
poration. As  the  new  steam  table  constants  have  been  in 
use  for  the  past  five  years,  the  insertion  of  the  old  values 
may  only  tend  to  confuse  the   reader. 

Various  forms  of  superheaters  are  next  explained  and 
means  are  cited  for  protection  against  the  hot  gases  when 
steam  is  not  flowing  through  the  superheater.  Draft  ap- 
paratus is  also  described,  including  chimneys,  steam  jets 
and  fans. 

Gas  producers  form  the  subject  of  Chapter  XXXIII.  After 
describing  the  essential  parts  of  gas  producer  plants  the 
theory  of  the  simple  air  producer  is  developed,  and  emphasis 
is  laid  on  high  temperatures,  long  time  of  contact  between 
air,  gas  and  hot  carbon  as  a  requirement  for  maximum 
efficiency.  The  practical  considerations  such  as  the  caking  of 
fuels  and  the  fusing  temperature  of  ash  are  shown  to  modify 
the  theoretical  requirements.  Artificial  cooling  of  producers 
by  means  of  carbon  monoxide  and  water  vapor  is  then  dis- 
cussed, carbon  monoxide  giving  a  gas  of  more  uniform  com- 
position, while  water  vapor  is  more  economical.  The  effect 
of  hydrocarbons  in  fuels,  due  to  the  formation  of  tar,  on  the 
practical  operation  of  a  gas  producer  is  explained,  and  the 
cracking  method  of  destroying  the  tar  within  the  producer  is 
illustrated. 

Apparatus  for  heating  feed  water  are  considered  and  a 
chart  is  given  showing  the  gain  which  can  be  expected.  This 
is  followed  by  a  chapter  on  condensers  and  another  upon 
water   purification. 

Chapter  XXXIX  is  devoted  to  power  plants  and  the  items 
influencing  the  choice  between  the  steam  and  internal  com- 
bustion   engine    power    plants    are    taken    up. 

The  last  chapters  are  devoted  to  a  brief  consideration  of 
compressed  air  and  refrigeration.  Water  injection,  water 
jacketing  and  multistage  compression  with  intercooling  be- 
tween  stages   are   discussed. 

In  connection  with  refrigeration,  the  thermodynamics  of 
the  refrigerating  machine  is  developed  and  the  coefficient 
of  performance  explained.  The  air  compression  machine  is 
described  and  its  limitations  illustrated.  The  fundamental 
principles  governing  the  action  of  vapor  refrigerating  ma- 
chines of  the  compression  and  absorption  types  are  briefly 
explained. 

In  general  the  book  is  clear,  original  in  the  method  of 
presentation  and  free  from  padding.  The  illustrations  are 
good   and   aid   in   presenting   much    material   in   a   short    space. 
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More    Water  for  Power  at  Niagara 

The  Burton  law,  which  expired  March  4.  1913,  was  ex- 
tended for  another  year  by  the  House  of  Representatives  on 
March  2.  but  withdrawn  the  following  day  by  Senator  Bur- 
ton himself,  states  "Engineering  Record."  This  removes  not 
only  the  ban  on  the  American  diversion  of  water,  but  also 
that  on  the  importation  of  power  from  Canada,  increasing 
the  latter  from   160.000  to   250.000   hp. 

About  two  years  ago  a  treaty  was  signed  between  Canada 
and  the  United  States,  permitting  the  latter  to  divert  20,000 
sec. -ft.  of  water  from  the  Palls,  but  on  account  of  the  Burton 
law  only  16.000  sec. -ft.  were  to  be  used  at  that  time.  The 
additional  4000  sec. -ft.  now  available  will  be  split  up  between 
the  Niagara  Power  Co..  turning  the  wheels  having  been  idle 
since  the  enactment  of  the  law.  and  the  Hydraulic  Power 
Company.  The  diversion  of  this  water  through  the  power 
house  wheels  means  an  increased  output  in  power  of  not  less 
than   55,000   hp. 


Society  of  Superintending  Engineers 

The  New  England  Society  of  Superintending-  Engineers,  an 
organization  of  engineers  recently  formed  in  Boston  by  a 
number  of  men  prominent  in  the  engineering  field,  is  com- 
posed of  chief  engineers,  superintendents  and  master  me- 
chanics who  have  charge  of  large  plants. 

The  objects  of  the  society  are  to  promote  knowledge  on 
all  matters  relative  to  the  construction,  operation  and  man- 
agement of  large  power  plants  and  their  equipment  which 
may  be  brought  before  it  for  consideration  and  discussion; 
to  encourage  social  relations  among  its  members;  to  aid 
each  other  either  personally  or  professionally,  and  assist  each 
other  in  a  practical  way  in  any  matter  affecting  the  mem- 
bers. The  membership  is  limited  to  men  who  at  the  time  of 
making  application  shall  have  actual  charge  of  or  the  direct 
supervision    of   steam   plants   of   not   less   than    2000    hp. 

The  officers  are.  president,  George  W.  Walsh,  chief  engi- 
neer, central  power  station,  Boston  Elevated  Ry.  Co.;  vice- 
president,  L.  H.  Brown,  chief  engineer,  Lynn  power  sta- 
tion. Bay  State  Street  Ry.  Co.,  Lynn;  secretary-treasurer, 
F.  L.  Fairbanks,  chief  engineer,  Quincy  Market  Cold  Stor- 
age  Co..   Boston. 


American  Engineers  to  Tour  Germany 

As  announced  in  earlier  Issues,  about  t'w'o  hundred  of  the 
most  prominent  mechanical  engineers  of  the  United  States 
will  go  to  Europe  this  summer  to  attend  the  fifty-fourth 
annual  meeting  of  the  Verein  deutscher  Ingonieure  in  Leipzig 
and  to  inspect  the  educational  and  industrial  establishments 
of  Germany.  The  object  of  the  tour  is  to  foster  a  broader 
commercial   spirit  between  America  and   Germany. 

The  party  will  sail  on  June  10  on  the  Hamburg-American 
steamship  "Victoria  Luise,"  the  largest  and  most  superbly 
appointed  cruising  steamer  afloat.  Many  friends  of  the  en- 
gineers are  also  planning  to  sail  on  the  steamer  and  will 
probably  compose  the  entire  passenger  list.  The  official 
party  will  consist  of  200  members  of  the  American  Society  of 
Mechanical    Engineers,    accompanied    by    100    ladies. 

The  program  will  Include  many  features  of  interest.  On 
arriving  in  Hamburg  on  June  21.  the  great  shipyards  will  be 
visited.  The  party  will  then  proceed  ne.it  day  by  special 
train  to  Leipzig,  where  the  King  of  Saxony  will  welcome  it 
and  the  Verein  deutscher  Ingenieure  will  tender  an  official 
reception,  at  which  the  president  of  the  American  Society  of 
Mechanical  Engineers,  Dr.  W.  F.  M.  Goss,  will  make  the 
principal   address. 

The  party  will  leave  on  June  25  for  a  tour  of  Industrial 
Germany,  visiting  Dresden,  Berlin,  Cologne,  Diisseldorf, 
Frankfurt,  Heidelberg  and  Munich,  including  a  trip  up  the 
Rhine. 

Independence  Day  will  be  celebrated  at  Frankfurt  under 
the   auspices   of   the   American    Embassy. 


SOCIETY     NOTES 


The  siiring  meeting  of  the  American  .Society  of  Mechan- 
ical Engineers  will  be  held  on  May  20-23  In  Baltimore.  This 
city,  with  its  remarkable  harbor  .ind  nearness  to  Wash- 
ington and  Annapolis,  Is  most  attractive  as  a  convention 
city. 


.\t  the  regular  monthly  meeting  of  the  American  Society 
of  Engineer  Draftsmen,  in  the  Engineering  Societies  Build- 
ing, New  York  City,  on  Mar.  20.  E.  S.  Houghton,  a  member, 
read  a  paper  on  "The  Engineer  Draftsman's  Part  on  the  Erie 
Barge  Canal."  A  lecture,  "The  Application  of  Descriptive 
Geometry  to  Mechanical  Drawing."  by  Frank  Dempster  Sher- 
man, Ph.  B.,  professor  of  graphics  at  Columbia  University, 
was  also   given. 

The  Massachusetts  Chapter  of  the  American  Society  of 
Heating  and  Ventilating  Engineers  met  in  Boston.  Mass.. 
on  the  evening  of  Mar.  11  with  a  good  attendance.  The 
chief  speaker  was  Frank  T.  Chapman,  of  New  Tork,  chair- 
man of  the  committee  on  ventilation  of  moving  picture 
places.  A  standard  of  laws  governing  such  houses  was  dis- 
cussed at  length.  Recommendations  for  legislation  on  min- 
imum ventilation  standards  were  adopted  which  called  for 
a  minimum  of  33  sq.ft.  of  floor  area  as  a  seating  space  per 
occupant,  exclusive  of  aisles  and  public  passageways:  a 
minimum  of  SO  cu.ft.  of  air  space  per  occupant,  and  that  the 
quantity  of  positive  supply  of  outdoor  air  be  based  on  a 
minimum  requirement  of  15  cu.ft.  per  min.  per  occupant. 
The  recommendations  include  measures  for  machine  booth 
ventilation. 

The  program  for  the  spring  meeting  of  the  American  So- 
ciety of  Mechanical  Engineers,  at  Baltimore,  on  May  20  to 
23,  has  been  tentatively  arranged.  The  headquarters  will  be 
at  the  Hotel  Belvedere  and  the  professional  sessions  and  so- 
cial functions  will  also  take  place  there.  The  program  as 
now   arranged    is   as    follows: 

Tuesday.   May  20:   S  p.m. — Informal   reception  at  headquarters. 
Wednesday,    May    21:     9:  30    a.m. — Business    meeting    at    head- 
quarters.    Regular  session,   with   papers. 

12:30    p.m. — Excursion    to   McCall's    Ferry,    dam    and   powet 
house.     Automobile  trip,  including  ladies,   with  tea  served 
at   the    Country    Club. 
Evening:     Lecture  at   headquarters. 
Thursday,    May    22:      9:  30    a.m. — Session    on   Are    protection,    at 
headquarters. 

Afternoon:  Trip  over  Jones'  Falls  conduits;  inspection  of 
sewage  pumping  plant;  trolley  trip  to  sewage  disposal 
plant  at  Back  River;  exhibition  of  high-pressure  fire 
service. 

Evening:  As  guests  of  Engineers  Club  of  Baltimore,  the 
members  will  attend  a  reception  and  dance  at  head- 
quarters. 
Friday,  May  23:  Entire  day  to  be  devoted  to  a  trip  to  Ann- 
apolis. At  2  p.m.  address  by  Admiral  H.  I.  Cone, 
A.  S.  M.  E.,  Engineer-in-Chief,  Bureau  of  Steam  Engi- 
neering,  U.    S.   N.,   at    the   Capitol. 


PERSONALS 


Joseph  M.-  Burns  has  been  appointed  electrical  engineer  of 
the  Morris  County  Traction  Co.,  Morristown,  N.  J.,  in  charge 
of  power  plants,  transmission  lines  and  overhead  construction 
generally. 

William  Mcllhenney,  formerly  assistant  superintendent 
for  the  Keasbey  &  Mattison  Co.,  Ambler,  Penn.,  has  accepted 
the  position  of  chief  operating  engineer  for  the  Ingersoll- 
Rand   Co.,    Philipsburg,   N.   J. 

Charles  H.  Garlick,  for  many  years  president  of  the  Na- 
tional Association  of  Stationary  Engineers,  and  one  of  the 
pioneers  in  the  oil  industry  in  Western  Pennsylvania,  was 
the  speaker  at  the  weekly  luncheon  of  the  Credit  Men's  As- 
sociation   of   Pittsburgh.    Penn..   on    Maich    fi. 


The  plant  of  the  Warren  City  Boiler  &  Tank  Co..  War- 
ren. Penn.,  was  destroyed  by  fire  on  Feb.  24,  with  a  loss  of 
between  SliJO.OOO  and  $200. nno.  Five  hundred  men  were 
thrown    out    of   employment.      The    eciiiipan>'    will    reliulld. 


Large  users  of  coal  will  be  Interested  In  Bureau  of  Mines 
r.ulletin  No.  63,  "Sampling  of  Coal  Deliveries,  and  Types  of 
Government  Specifications  for  the  Purchase  of  Coal."  Just  is- 
sued. The  federal  government,  which  purchases  $8,000.00(1 
worth  of  coal  annually,  buys  more  than  half  of  it  under 
specifications  and  has  gone  deeply  Into  the  question  of  samp- 
ling and  analyzing  coal.  George  S.  Pope,  the  engineer  in 
charge  of  such  investigations.  Is  the  auth'or  of  the  bulletin 
which  may  be  had  by  addressing  the  Director,  Bureau  of 
Mines,   Washington,   D.  C. 
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Progress  of  the  World's  Fair 

Exteiisi\e  preparations  are  under  way  for  the  interna- 
tional exposition  to  be  held  in  San  Francisco  in  lUlS 
to  celebrate  the  completion  of  the  Panama  Canal.  The 
Harlior  View  site  has  been  reclaimed  and  cleared  for  oc- 
cupancy, and  the  Service  Building  is  ueariug  completion. 
The  Machinery  Palace,  by  far  the  largest  of  the  build- 
ings to  be  erected,  will  cover  eight  acres  and  contain 
8,000,000  ft.  of  lumber,  enough  to  floor  the  Exposition 
site  three  times  over.  The  building  will  be  one  mile 
around  and  will  have  two  miles  of  ornamental  cornices. 

Twenty-seven  foreign  countries  and  thirty-three  states 
and  territories  have  signified  their  intention  to  partici- 
pate. Pre.sident  Taft  urged  Congress  to  appropriate  $2,- 
000,000  for  a  special  building  to  house  the  administration 
exhibit.  He  also  recommended  such  legislation  as  will 
facilitate  the  entry  of  material  intended  for  exhibition 
and  protect  foreign  exhibitors  against  infringement  of 
patents  anii  the  unauthorized  copying  of  patterns  and  de- 
signs. 

New  York  has  appropriated  $700,000  for  its  participa- 
tion while  other  states  have  appropriated  from  $100  to 
$50,000  to  cover  their  preliminary  arrangements.  The 
Philippine  government  has  appropriated  $250,000  gold 
and  Hawaii's  commission  has  selected  its  building  site. 

Applications  for  exhibits  have  come  from  all  parts  of 
the  world,  the  floor  space  for  which  amounts  to  1,977,000 
sq.ft. 

\\ .  D.  A.  Pyan,  the  illuminating  engineer  who  devised 
tile  method  of  illuminating  the  Panama  Canal  and  that 
of  the  Hudson-Fulton  celebration,  having  experimented 
for  several  months,  plans  to  make  the  illumination  the 
most  striking  feature  of  the  Exposition.  One  of  the  s]h- 
cial  features  will  be  the  introduction  of  jewels  in  the 
places  of  incandescent  lights.  The  whole  effect  will  he 
surmounted  by  a  forty-eight  electric  scintillator — one  for 
each  state — which  will  be  mounted  off  the  main  axis  of 
the  Exposition,  about  500  or  600  yd.  out  in  the  water.  It 
will  be  placed  on  barges  anchored  in  the  bay  and  require 
60  trained  men  to  operate  the  lights.  These  will  go 
through  many  evolutions  of  color,  and  on  clear  nights 
will  be  visible  for  forty  or  fifty  miles. 

'"The  lighting  of  this  Expositi(m,"  says  Mr.  Eyan,  "will 
surpass  anything  in  lighting  in  the  world's  history.  The 
advance  since  the  last  big  exposition  in  the  science  and 
art  of  electric  engineering  and  development  of  electric 
apparatus  has  been  so  great  that  effects- can  be  produced 
which  were  jihysically  impossible  five  or  six  years  ago." 

Enormous  Expenditures  in  Water 
Power  Development 

In  developing  inland  navigation,  says  a  recent  bulletin 
of  the  Geological  Survey,  the  federal  government  alone 
has  expended  $300,000,000,  and  prospective  expenditures 
exceed  this  sum.  It  is  obvious  that  the  determination  of 
stream  flow  is  necessary  to  the  intelligent  direction  of 
these  disbursements. 

In  irrigation,  the  government  is  now  expending  on 
reclamation  systems  about  $700,000,000,  and  this  amount 
is  far  exceeded  by  private  expenditures  in  the  arid  West. 
It  is  further  obvious  that  the  integrity  of  any  irrigation 
system  is  based  absolutely  on  the  amoimt  of  water  avail- 
able.    The  largest  use  of  water  is  that  for  domestic  sup- 


jily,  and  not  only  quantity  but  quality  is  of  prime  im- 
portance. Ill  very  recent  years  water  power  has  become 
a  matter  of  great  national  moment.  Before  the  day  of 
improved  electric  transmission,  the  importance  of  water 
jiower  was  confined  largely  to  the  locality  at  which  it  was 
generated,  but  now  it  is  a  public  utility,  and  as  the 
amount  of  water  power  available  is  dependent  on  the 
flow  of  rivers,  the  investigation  of  stream  flow  is  a  pre- 
requisite to  the  intelligent  management  of  this  source 
of  energy. 

The  drainage  of  the  70,000,000  acres  of  swamp  areas 
of  the  country  is  a  matter  of  water  engineering,  and  the 
study  of  runoff  is  the  first  consideration  in  any  drainage 
project.  Drained  swamp  lands,  as  a  rule,  become  the 
most  fertile  of  agricultural  areas,  and  the  reclamation 
of  the  swamps  of  the  United  States  should  add  a  value 
which  can  be  reckoned  only  in  billions  of  dollars. 

Flood  prevention,  both  in  the  contributing  areas  and 
along  the  great  lowland  rivers,  is  the  first  necessity,  as 
the  flood  damage  in  this  country  is  probably  over  $100,- 
000,000  annually. 


A  new  heat  indicator  intioducpd  by  the  General  Electric 
Co.  (Limited)  consists  of  a  paint  for  application  to  bearings 
or  other  parts  of  machiner>'  and  electrical  apparatus,  which 
normally  is  of  bright  vermilion,  but  on  reaching  a  tempera- 
ture of  120°  F.  shows  a  change  of  color  and  at  190  to  210° 
F.  is  almost  black.  When  the  temperature  of  the  part  falls 
below  120*  F.  the  paint  resumes  its  normal  red  color.  It  is 
claimed  that  the  paint  is  practically  indestructible,  that  it  is 
unaffected  by  lubricating  oils,  that  it  prevents  the  formation 
of  rust,  and  that  the  warning  which  it  gives  enables  a  ma- 
chine to  be  stopped  before  any  damage  is  done  by  overheat- 
ing.— London   "Times." 


ATLANTIC  COAST  STATES 

Plans  are  being  prepared  by  the  Worcester  Electric  Light 
Co.,  Worcester,  Mass.,  for  the  construction  of  a  new  trans- 
former station.  Three  500-kw.  transformers  will  be  installed. 
Estimated  cost,  $20,000.  R.  W.  Robbins  is  in  charge  of  the 
work. 

The  Litchfield  Electric  Light  &  Power  Co.,  Litchfield.  Conn., 
is  mailing  preliminary  ai'rangements  for  the  installation  of 
additional  equipment  in   its  plant.     A.  J.  Fromholz  is  managei'. 

The  New  York.  New  Haven  &  Hartford  R.R.  Co.  is  con- 
sidering plans  for  the  construction  of  a  power  plant  at  New 
Haven,  Conn.,  to  supply  electricity  for  the  operation  of  the 
proposed  electric  line  from  New  Haven  to  Boston.  Edward 
Gagel,    New    Haven,    is   chief   engineer. 

The  United  States  Light  &  Heating  Co.  contemplates  the 
construction  of  another  addition  to  its  power  plant  at  Sus- 
pension  Bridge    (Niagara  Falls  post-office),   N  Y. 

The  Phillipsburg  Light,  Heat  &  Power  Co.  has  been  granted 
a  franchise  by  the  city  council  to  construct  and  operate  an 
electric-light  plant   at   Phillipsburg,   N.   J. 

Bids  will  be  received  by  the  borough  clerk  of  Sharpsburg. 
Penn.,  until  Mar.  27.  for  furnishing  power-plant  equipment 
as  follows:  Two  375-kw..  2300-volt,  three-phase,  60-cycle  gen- 
erators, complete  with  exciters.  Alternative  bids  on  prime 
movers  as  follows:  Two  450-hp.  direct-connected  type  simple 
steam  engines;  two  450-hp.  direct-connected  cross-compound 
steam  engines;  two  375-kw.  steam  turbo  driven  alternating- 
current  generating  units;  complete  condensing  equipment; 
three  50-light.  four  ampere  metallic  flame  arc-lamp  equip 
ments  complete;  one  four-panel  switchboard  complete.  Sid- 
ney Martin.   Penn   Bldg.,    Pittsburgh,    is   consulting   engineer. 

The  Andrew  Ramsey  Corporation,  Mount  Savage,  Md..  has 
been  granted  a  franchise  to  construct  and  operate  an  electric- 
light  and  power  plant  at  Ellerslie,  Md. 

SOUTHERN    ST.\TES 

The  city  of  Spencer,  N.  C,  has  been  granted  permission 
to  issue  bonds  for  $50,000,  for  the  construction  of  a  municipal 
electric-light  plant  and  water  system. 

The  J.  B.  McCrarv  Co.,  Atlanta,  Ga.,  is  preparing  plans  for 
the  construction  of  an  electric-light  plant  at  Rochelle,  Ga. 
W.  C.  Carter  is  city  clerk. 

The  town  council  of  Milton,  Fla.,  is  considering  the  propo- 
sition to  issue  $40,000  in  bonds,  for  the  construction  of  an 
electric-light   plant   and   water   system. 

An  expenditure  of  $400,000  is  planned  by  the  Tampa  Elec- 
tric Co.,  Tampa.  Fla..  for  improvements  including  additions 
to  its  power  plant  and  the  installation  of  new  equipment.  J. 
C.   Woodsome,   Tampa,    is   local   manager. 

J.  M.  Riley  has  been  granted  a  franchise  to  construct  and 
<  perate   an  electric-light   plant   at   Williamstown.    Ky. 
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Forcing  Oneself  to  Work 


UNFORTUNATELY  many  men  engaged  in  pow- 
er plant  operation  are  unfit  ced  either  physically, 
mentally    or   by   temperament    for   the     work. 
Others  are  not  naturally  qualified  or  do  not  possess 
the  necessary  training  to  make  good  operators. 

Such  men  la- 
bor under  either 
a  physical, 
mental  or  ner- 
vous  strain. 
Their  work  is 
not  a  pleasure 
to  them.  They 
lack  enthusiasm 
and  must  force 
themselves  to 
perform  their 
duties.  They 
soon  fall  into  a 
rut  and  content 
themselves  with 
a  commonplace 
existence  in  the 
lower  ranks. 

Every  man 
possesses  c  e  r  - 
tain  qualifica- 
tions which 
make  him  better 
suited  for  one 
line  of  work  than  for  another.  A  young  man  just 
out  of  high  school  finds  himself  at  the  door  of  the 
power  plant,  seeking  work.  If  he  makes  a  fair  ap- 
pearance and  if  help  is  needed,  he  is  given  a  chance, 
doing  some  unimportant  task.  If  he  is  faithful  and 
shows  natural  ability,  he  is  advanced  as  his  experi- 
ence, training  and  conditions  warrant.  If  his  abil- 
ity and  trustworthiness  are  merely  commonplace,  he 
becomes  a  mere  operator.  If  he  shows  no  ability  or 
liking  for  the  occupation,  he  is  discharged  after  a 
fair  trial. 

The  same  young  man  might  have  become  the  driver 
of  a  laundry  wagon,  a  moldcr's  helper  or  a  house  paint- 
er. His  selection  of  occupation  was  haphazard,  as  was 
also  his  selection  for  the  position. 


That  a  man  may  get  the  most  out  of  his  work  it 
must  be  congenial  to  him  and  he  must  be  suited  to  it. 
To  raise  the  standing  of  steam  engineers  it  is  neces- 
sary to  raise  the  standard  of  the  personnel.  Every 
down-in-the-mouth,  illfitting  and  illfitted  stationary 
engineer    lowers  the    general    efficiency    of    the 

whole  a  corre- 
s  p  o  n  d  i  n  g 
amount.  Any 
organization  of 
workmen  recog- 
nizing this  fact 
and  endeavoring 
to  improve  the 
standard  of  the 
individual  work- 
men is  bound  to 
ultimately  raise 
the  standard  of 
workmanship. 

Many  men  are 
content  to  work 
in  a  h  a  1  f- 
hearted,  indif- 
ferent manner, 
earning  a  mere 
living  at  work 
which  is  not  at- 
tractive to  them 
because  theiren- 
thusiasm  has 
never  been  aroused  and  they  have  never  come  to  real- 
ize the  value  and  importance  of  their  work. 

Important  and  well-paid  positions  are  to  be  filled  in 
the  power  plant  field,  and  men  having  a  vision  of 
something  beyond  the  doors  of  the  engine  or  fire 
rooms  will  be  chosen  to  fill  the  positions  worth  having. 

If  a  man  is  physically  unsuited  to  his  work,  he  had 
better  try  something  else.  If  he  merely  lacks  en- 
thusiasm he  should  get  in  touch  with  the  various 
sources  of  inspiration,  such  as  the  national  and  local 
organizations  and  the  leading  technical  journals  deal- 
ing with  the  work.  If  he  lacks  training  and  experi- 
ence, he  had  better  get  busy  and  be  ready  for  the 
worth-while  position  when  it  comes. 
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Central  Power  Plant  of  Montgomery,  Ala 


By  Wai.'K'Kx  O.  tiocJicits 


SYNOPi-Ii^ — The  main  features  of  this  installation  are 
the  manner  of  coal  delivery,  piping  of  the  generating  and 
auxiliary  units  and  the  design  of  the'  pump  house,  the 
latter  made  necessary  by  the  great  difference  between  the 
low-  and  higli-water  levels  of  the  river. 

lu  Montgomery.  Ala.,  two  electric-generatiug  stations 
compete  for  the  electrical  business  of  the  city.  As  a  re- 
sult, the  rates  charged  for  curreut  are  low. 

What  was  known  as  the  Citizens  Electric  Light  Co.  is 


herein,  was  built  by  the  traction  company  to  not  only  sup- 
ply electrical  energy  for  commercial  use  in  the  city,  but 
to  also  operate  its  own  street-car  lines.  The  matter  is 
now  being  decided  by  the  courts  as  to  the  validity  of  the 
contract,  the  traction  company  nuiintaining  that  it  ha< 
been  broken. 

PowKK   Plant 

This  new  power  plant  is  on  the  outskirts  of  the  city  on 
the  bank  of  the  Tallapoosa  Eiver,  and  has  several  interest- 


Fti;.  1.  View  of  the  Turbixe  Poom  fuom  the  Switchboard  Gallery 


now  the  Montgomery  Light  &  Traction  Co.  Strange  as 
it  may  seem,  the  rival  electric  company  supplies  the  en- 
ergy for  the  street-car  service,  this  being  one  of  the  pro- 
visions of  a  long-term  contract  between  the  Citizens  Elec- 
tric Light  Co.  and  the  rival  company.  It  seems,  however, 
that  this  part  of  the  contract  has  not  been  carried  out  and 
so  poor  was  the  service,  that  the  new  plant,  described 


ing  features.  The  boiler  house  is  175  ft.  long  by  75  ft. 
wide,  and  the  turbine  room  is  100  ft.  long  by  110  ft.  wide. 
The  machinery  is  arranged  in  symmetrical  order  and  sd 
spaced  that  there  is  room  to  work  on  each  unit  without 
interference  with  the  next.  The  building  is  in  two  sec- 
tions, so  to  speak,  the  boiler  room  running  at  right  angles 
to  the  turbine  ronm.     Between  the  turbine  room  and  the 
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briek  boiler-room  partition  is  a  gallerj'  ami  pump  bay. 
Oa  the  other  side  of  the  turbine  room,  is  a  second  gallery 
and  bay;  both  galleries  running  across  the  room.  The 
f^oor  of  the  turbine  room  slopes  toward  the  center  from 
four  sides.  A  wide-gage  track  enters  the  turbine  room  at 
one  side  and  crosses  to  the  engineer's  office,  which  is  on 
the  switchboard  side  of  the  room  on  the  ground  floor.  A 
20-ton  crane  runs  the  length  of  the  turbine  room  and 
heavy  material  can  be  unloaded  from  the  freight  cars  on 
the  track  and  deposited  at  any  desired  point.  A  small 
10-ton  crane  runs  the  length  of  the  gallery  next  the  lioil- 
ers. 

Gexekatixg  Units 

Two  2500-kv.-a.  horizontal  steam  turbines  drive  the  two 
2500-kv.-a.,  2300-volt,  two-phase,  60-cycle  generators  at 
3600  r.p.m.  They  are  placed  side  by  side  with  the  steam 
end  next  to  the  boilers,  as  shown  in  Fig.  1.  On  the  side 
of  the  room  next  to  the  generators,  and  between  them 
and  the  switch-bay,  are  two  200-kw.,  1200-r.p.m.,  rotary 
converters,  changing  the  alternating  current  to  direct 
current  at  500  volts  for  power  circuits  through  the  city. 
There  are  also  three  500-kw.  rotary  converters,  running 
at  900  r.p.m.,  delivering  600-volt  direct  current. 


Kk;.  2.  I'lMi-  lloisK  Axn  CoyriiKTi:  I'lT 

Two  turiiiiie-driven  exciters  are  at  the  end  of  the  dry- 
vjunnim  pump.s.  The  turbines  are  directly  coupled  to 
I'lO-kw.,  125-volt,  direct -current  generators,  of  SOO  amp. 
'apacity,  at  2400  r.]>.m. 

C'OXnEXSiNT,    OlTlIT 

On  the  turbine-room  floor  are  twf)  10  and  21  by  IR-in. 
steam-driven  air  ]iiimi)s,  which  are  ])iped  to  two  liaro- 
mctric  condensers  placed  next  to  the  boiler-room  wall. 
The  exhaust    connections   from  the   turiiines    run    under 


the  floor  to  the  condenser,  as  do  the  eireulating-pump 
discharge  pipes  from  the  two  condensers.  As  water  in 
abundance  is  obtained  from  the  Tallapoosa  Eiver,  with  an 
average  temperature  of  60  deg.  F.,  the  rise  in  tempera- 
ture is  but  5  deg.  with  a  29-in.  vacuum.  In  fact,  the 
water  from  the  condenser  is  used  to  cool  the  oil  used  on 
the  turbine  bearings. 

Plmp  Hou.se 

Owing  to  the  height  to  which  the  water  in  the  river 
rises  above  the  normal  level,  it  was  necessary  to  construct 


Fig.  3.  Ixteiuok  of  I'riii'  IIorsK,  Showixg  Motors 

a  pump  house  and  pit  on  the  river  bank.  The  pit  is  65 
ft.  deep  and  25  ft.  in  diameter.  The  lower  part  is  round 
and  built  of  reinforced  concrete  with  3-ft.  walls.  Above 
the  concrete  work  the  walls  are  brick  and  hexagonal  in 
shape.    The  pump  house  is  illustrated  in  Fig.  2. 

The  circulating  pumps  are  at  the  bottom  of  the  pit  and 
are  of  5000  gal.  capacity  per  min.  against  a  100-ft.  head, 
at  low  water,  and  8000  gal.  capacity  per  min.  at  high 
water.  The  variation  in  the  level  of  the  river  between  low 
and  flood  stages  is  about  60  ft.  These  pumps  are  di- 
rectly connected  to  two  150-hp.  induction  motors,  using 
2200-volt,  two-phase,  60-eycle  current,  and  running  at 
1165  r.p.m.    They  are  shown  in  Fig.  3. 

An  iron  ladder  extends  from  the  floor  of  the  pump 
house  to  the  concrete  bottom.  Gate  stands  connect  with 
the  discharge-valve  stems,  which  facilitate  the  operation 
of  tiic  valves.  Beside  the  motor-control  apparatus,  there 
is  a  gage  board,  upon  which  are  mounted  eight  gages  for 
indicating  the  suction-  and  discharge-water  pressures.  At 
the  l)ack  of  the  pump  ])it  is  a  small  counterweighted  ele- 
vator used  for  lowering  ligiit  loads  to  the  bottom  of  the 
pit.  A  .small  motor-operated,  four-ton.  pivoted,  single- 
arm  crane  extends  from  the  wall  of  the  pump  house  to  the 
center,  which  can  be  moved  to  any  position  desired.  Speak- 
ing tubes  run  from  the  top  to  the  Itottom  oF  the  pit,  also 
to  the  .s^vitcbboard  gallery  in  the  station.  .V  railing  sur- 
rounds the  opening  in   the  flooring  over  the  pump  pit. 


PrMi'; 


Fxcept  the  two  centrifugal  ininips  in  t 
nil  (if  those  in  the  plant  are  in  the  puui 
under  the  condenser  and   heater  gallery. 


•  piini])  Mouse, 
bay.  which  i.s 
They  include 
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two  17  and  10  by  15-in.  duplex,  outside-packed  pumps, 
used  for  boiler  feed,  and  two  8  and  10  by  12-in.  duplex 
pumps,  used  for  house  service  and  for  pumping  the  hot- 
well  water  to  the  two  5000-hp.  open  heaters.  The  heat- 
ers are  on  the  balcony  above  the  pumps.  Exhaust  steam 
from  the  auxiliaries  enters  the  heaters  at  the  end,  or  can 
be  bypassed  to  the  atmospheric  exhaust.  The  heaters  can 
be  operated  indepemleutly  of  one  another.  The  feed 
■water  is  heated  to  from  190  to  200  deg.  The  locations  of 
tlie  pumps,  heaters  and  condensers  are  shown  in  Figs. 
1  and  4. 

The  latter  illustration  also  shows  the  arrangement  of 
the  steam  and  exliaust  piping,  which  is  suspended  from 
the  gallerv  floorin?.     Steam  from  the  boiler  is  conveyed 


to  No.  1  turbine  with  a  long  and  short  bend  at  right 
angles  to  each  other.  Xo.  2  turbine  is  supplied  from 
the  header  by  a  steam  line  extending  from  a  tee  to  the 
turbine  with  a  long-radius  bend.  The  steam  pipes  to  the 
dry-vacuum  pipes  are  connected  in  a  similar  manner.  The 
exhaust-steam  lines  connect  with  a  16-in.  exhaust-steam 
header,  whicli  runs  the  length  of  the  pump  bay  and  con- 
nects either  with  the  heater  or  with  the  atmospheric  ex- 
haust pipe. 

Steam  pipes,  bent  to  the  shape  of  a  question  mark, 
drop  from  the  steam  header  to  the  pumps.  This  con- 
struction permits  of  free  expansion  and  contraction.  The 
peculiarity  of  the  auxiliary  piping  is  shown  in  Figs.  1 
and  4.     Both  live-  and  exhaust-steam  pipes  are  run  in  a 


EQUIPMENT  OF  THE  MONTGOMERY  LIGHT  &  TRACTION  CO.'S  POWER  PL.\NT 


Equipment 

Turbines 

Generators 

Converters . 
Converters . 


Make 

Horizontal 

Alt.  current 

Rotar>' 

Rotarj- 


2     Geneiators Direct  current 


Turbii 
Condensers. .  . 

Pumps 

Pumps 

Motors 

Pumps 
Pumps 

Heaters -  - 

Boilers 

Transformers. 
Transformers . 


ontal 
Barometric 

Dry  air 

Circulating 

Induction 

Duplex 

Duplex 

Open 

Stirling 

Oil  cooled 

Oil  cooled 


Purpose 

Main  units 

Main  units 

Power  circuits 

Railway 

Exciters 


Kw.  Phase  Cycles      Volts      Amp.    Hp.      lb. 


2500 
2500 
200 
500 
100 
00 


Main  units 

Condensers 

Cooling  water 

Cir.  pumps 

Boiler  feed 

House  service 

Feed  water 

Steam  gen. 

Station  rotaries 

Lighting 


60 


2300 
500 
600 
123 


543 
333 
833 
800 


i.p.m. 

Manufactiu-ers 

3600 
3600 
1200 
900 
2400 
2400 

Westinghouse  Machine  Co. 

Westinghouse    Electric    & 
Co 

W'estinghouse  Machine  Co. 

Henrj-  R.  Worthington. 

1165 
1165 

De  Laval  Steam  Tin-bine  Co 
Alli.--Chalmers  Co. 

Henry  R.  Worthington. 

■  W'estinghouse  Electric  Mfg.  Co. 


horizontal  line  at  right  angles  from  the  headers,  drop- 
ping down  to  the  several  units  as  shown. 

Boiler  House 

Eight  400-hp.,  water-tube  boilers,  carrying  steam  at 
200  lb.  pressure  are  set  in  a  row  along  one  side,  of  the 
boiler  room.  They  are  all  equipped  with  superheaters, 
which  increase  the  temperature   12.5   deg.     Each  boiler 


Tig.  4.  Showing  Piping,  Pumps,  Heaters  and  Baro- 
metric Condensers 


Fig.  5.  Eot.4.ry  Teansfokmeks  and  Switchboard,  from 
Turbine  Floor 


to  the  16-in.  header  through  a  12  to  16-in.  steam  main  in 
the  boiler  room.  The  steam-outlet  pipes  for  the  boiler 
connect  with  the  header  from  the  top  with  short-radius 
bends.    The  main  header,  above  the  pumps,  is  connected 


contains  290  tubes,  31/4  in.  in  diameter,  three  25-in.  steam 
drums  and  one  42-in.  mud  drum.  The  main  16-in.  steam 
main  runs  the  length  of  the  building,  18  ft.  above  the 
floor  level  and  in  front  of  the  boilers  above  the  firing 
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alle_y.  It  contains  two  U-expansion  bends  to  relieve  tJK' 
pipe  line  of  expansion  and  contraction  strains.  Feed  water 
is  supplied  through  a  6-in.  main  suspended  under  the 
steam  main,  branch  pipes  running  to  the  several  boilers. 


Fig.  6.  Switchboard  Balcony 

The  grate  area  of  each  boiler  is  6x14  ft.,  or  84  sq.ft.  The 
furnaces  are  fitted  with  balanced  doors,  which  are  a  pro- 
tection to  the  fireman  in  case  a  tube  bursts. 

Coal  is  delivered  to  the  boiler  house  in  dongola  coal  cars 


and  unloaded  into  a  coal  bin  buiit  with  concrete  parti- 
tion walls  and  wooden  sides.  It  has  eight  compartments 
and  a  total  storage  capacity  of  480  tens.  The  concrete 
partition  walls  support  a  wide-gage  track  upon  which  the 
loaded  coal  cars  are  run  to  be  unloaded.  The  boarded 
sides  of  the  bin  are  high  enough  from  the  floor  to  permit 
coal  to  run  down  within  easy  reach  of  the  fireman. 

There  is  room  for  eight  other  boilers  of  the  same  size 
as  those  now  installed,  on  the  opposite  side  of  the  coal- 
storage  bin.  All  smoke  uptakes  from  the  boilers  enter  a 
main  smoke  flue,  which  connects  to  a  steel  chimney  10 
ft.  inside  diameter  at  the  top,  25  ft.  diameter  at  the  bot- 
tom and  200  ft.  high.  At  present,  hand  firing  is  used 
and  the  ashes  are  removed  to  the  ashpit  in  front  of  the 
boilers,  wheeled  out  and  dumped  at  the  rear  of  the  sta- 
tion. Provision  has  been  made,  however,  for  an  ash- 
handling  system ;  an  ash  tunnel  has  been  constructed  and 
the  ashpit  made  with  a  temporary  bottom. 

Tbansformers 

Along  the  side  of  the  transformer-turbine  room,  next 
to  the  switchboard,  are  four  single-phase  transformers 
for  station  use.  They  are  of  100  kv.-a.  capacity,  trans- 
forming from  2300  to  370  volts,  60-cycle  current.  There 
are  also  six  single-phase  transformers  of  250  kv.-a.  capac- 
ity, transforming  from  2300  to  370  volts,  60-cycle,  Fig.  5. 

Above  the  transformer,  suspended  from  the  under  side 
of  the  switchboard  balcony,  are  the  busbars.  Below  on 
the  main  floor  are  the  oil  switches  and  above  on  the  bal- 
cony is  the  58-panel  slate  switchboard,  shown  in  Fig.  6. 
These  panels  are  divided  into  groups,  for  the  generating 
units,  exciter  units,  motor  and  lighting  units  about  the 
plant,  instruments  and  commercial  lights  and  motor-line 
control. 

The  plant  is  in  charge  of  Chief  Engineer  J.  M.  Chum- 
ley,  who  has  been  with  the  company  for  more  than  30 
years. 


Determination  of  Steam  Consumption 


By  Earl  B.  Smith 


i^]'X()I'S/S — . I  formula  by  ii-liicli  the  steam  consump- 
tion of  a  lurliiiie  or  engine  may  be  determined  when  ex- 
hausting into  a  jet  condenser,  having  given  the  load,  the 
condenser  discharge  and  the  steam  and  water  tempera- 
tures. 

a 

When  a  turbine  or  an  engine  is  exhausting  into  a  sur- 
face condenser,  it  is  a  simf)le  matter  to  determine  the 
amount  of  steam  used.  But  when  the  exhaust  is  into  a 
jet  condenser,  a  great  many  diiliculties  are  presented.  Tiie 
steam  consumption  in  this  case  must  be  determined  either 
by  a  careful  boiler  test  or  by  computations  from  tem- 
perature and  volume  determinations  at  the  jet  condenser. 
In  large  lighting  and  railway  ]>lants  the  boiler-test  meth- 
od usually  is  not  feasible  because  of  the  difficulty  of  iso- 
Intiiig  a  part  of  the  boiler  ])lant  for  use  on  the  test;  then 
the  drips,  the  leakage,  and  the  auxiliaries  usually  offer 
other  comjdicatioiis. 

A  determination  of  the  steam  consumption  of  a  tur- 
bine or  an  engine  from  tiie  cdnden.ser  end,  when  the  con- 


denser is  of  the  jet  type,  need  not  be  very  difficult.  The 
fallowing  is  a  description  of  a  method  that  may  be  used 
on  turbine  tests,  which  has  b(>en  found  by  the  writer  to  be 
very  satisfactory. 

In  most  cases  it  is  more  convi'uient  to  determine  the 
amount  of  water  discharged  from  the  condenser.  Of 
cour.se,  if  the  amount  of  injection  water  may  be  deter- 
mined and  also  tlie  amount  of  condenser  discharge,  then 
the  difference  in  a  given  time  gives  the  steam  consump- 
tion. But  usually  the  amount  of  condenser  discharge  is 
the  only  quantity  that  may  be  determined.  Tempera- 
ture readings  of  the  injection  water  and  of  the  condenser 
discharge  must  l)e  taken  at  frequent  intervals. 
Eet 

U"  :=  Pounds  p<'i-  minule  discharged  from  the  con 
denser,  which  is  the  mixture  of  injcntiou 
water  and  the  condensed  steam  ; 
w  =  Pounds  of  steam  per  minute  suiiplied  to  the 
turbine  (wet)  ; 
{W  —  w)  =  Pounds  of  injection  water  supplied  to  con- 
denser : 
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(1) 


Hs  =  Total  heat  per  ponnd  of  steam,  iv,  supplied ; 
taking  into  account  the  quality  of  the  steam 
(  =  ry  +  xr)  ; 
H~ii'  =  Total  heat  per  pound  of  condenser  discliarge; 
He  =  Total  heat  per  pound  of  steam  exhausted  from 
the  turbine  before  entering  the  condenser; 
a  =  Total  heat  per  pound  of  injection  water. 
Then  the  fundamental  formula  obtained  from  the  total 
heat  relations  is 

(ir  —  «•)   /(   -(-  w  He  =  IT  Hw 
Therefore, 

_    ir  (//;,  — /Q 
"'  "        Hc  —  h 

To  make  a  practical  formula  of  this  equation  other 
factors  must  be  introduced  which  will  account  for  the 
various  losses  of  heat  and  work.  Take  the  case  of  a 
6000-kw.  low-pressure  Parsons  turbine  direct-connected 
to  a  5000-kw.  alternating-current  generator  running  at 
1000  r.p.m. 
Let, 

B  =  Brake  horsepower  of  the  turbine: 
A'  =  Load  in  kilowatts  on  the  generator  during  test ; 
F  =  Bearing  friction   and  windage  of  the  turbine, 
which   is  approximately   1    per  cent,   of  full 
load ; 
E  =  Efficiency   of  the   generator ;   which   is   97    per 
cent,  at  full  load,  9(5  per  cent,  at  %  load  and 
94  per  cent,  at  V2  load  ; 
L  =  Windage   loss   and  brush   friction   of  the  gen- 
erator  in   kilowatts,    approximately   21/^   per 
cent,  of  full  load  : 
R  =  Heat  units  lost  by  radiation  from  the  shell,  etc. ; 
approximately  1000  B.t.u.  per  hour  per  square 
foot  of  the  shell   (3000  B.t.u.  per  minute  in 
this  case)  ; 
;?  =Total   steam   consumption    ]:)er   hour    =    Go   w. 
The  difference  between  the  heat  received  by  the  turbine 
and  that  exhausted  represents  the  work  done  plus  all  the 
losses.     Then 

w  (Hs  —  He)  =  42.41*  (JJ  +  F)  +  K 
and  since 

K  +  L 


B  = 


+ 
0.746  E 


^0.746  E 

Substituting  equation  (2)   in  equation   (1), 
W  {Hw  —  h) 


(2) 


Hs  —  k 


42.41  /K 


(J.'i'4C  E 


+  F 


Simplifying, 


W  {Hw  —  h)  +  42.41  (^^t„  t  +  F\  +  R 


0.746  E 


Hs 


h 


Ci) 


Then,  since  L  =  0.025,  K  and  F  =  0.01  K,  substituting 
these  and  the  numerical  values  indicated  above,  the  fol- 

horsepower- 


lowing  formula  is  obtained  for  the  total  steam  c(uisuiii]i- 

tion  per  hour  at  full  load : 

(W{H-w  —  h)  -t-68.6  A'-f  (58.6  X0.025  A')\ 
V  +  (42.41  X  0.01  K)  +  3000 ) 


s  =  mx        '- 


Hs  —  h 
W  {Hiv  —  h)  +  60.49  A'  -)-  3000 


//. 


h 


_  60  W  {Hw  —  h)  +  3629.4  K  +  180,000 
~  Hs  —  h 

Formula  (3)  is  applicable  to  the  case  of  any  direct- 
connected  turbine  or  engine  unit  exhausting  into  a  jet 
t'ondenser.  The  method  of  determining  IF,  the  amount 
of  condenser  discharge,  depends  upon  the  installation.  In 
some  cases  a  carefully  calibrated  weir  may  be  used,  or  a 


Method  of  ('oli.kcting  Condensate    ■ 

FliOM    ('ALOIilllETEIi 

pilot  tube  may  be  more  convenient,  or  perhaps  a  venturi 
meter  may  be  used. 

The  value  of  H g  the  total  heat  in  the  steam  received 
by  the  turbine,  must  be  determined  by  a  temperature  or 
a  pressure  reading  in  the  steam  pipe,  and  a  quality  deter- 
mination of  the  steam.  This  quality  of  the  steam  must 
be  determined  by  means  of  a  steam  calorimeter.  If  the 
steam  used  is  under  the  usual  high  pressures,  then  a 
throttling  calorimeter  may  be  the  more  convenient.  But 
if  the  steam  is  low  pressure  (below  atmosphere),  then  a 
separating  calorimeter  should  be  used.  In  the  use  of 
the  separating  calorimeter  with  low-pressure  steam  the 
small  gage.  G.  ordinarily  used  for  indicating  the 
amount  of  steam  flowing  through  cannot  be  used ;  but  a 
small  condenser  'made  of  a  coil  of  copper  pipe,  C, 
immersed  in  a  tank  of  cold  water  may  be  connected 
to  the  exhaust  of  the  calorimeter.  The  condensate  from 
this  small  condenser  must  be  collected  in  a  closed  vessel 
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B,  which  is  t-umiected  to  the  vacuum  f;ide  of  the  turhiiie 
condenser.  Then,  knowing  the  pressure  of  the  steam  (or 
its  temperature)  and  its  quality,  x.  the  total  heat  may  he 
computed  by  the  aid  of  steam  tables  and  the  formula  //  s 

-  q  +  .*•  '•■ 

Formula  (3)  may  be  simplified  somewhat  further  by 
dro]iping  the  items  L,  F  and  R,  and  thus  obtaining  the 
formula 

K 


W  {H-^  +//)+  4-2.41 


U.740  E 


Hs-h  (^' 

This  formula  (4)  gives  results  sufficiently  accurate  for 
all  practical  purposes  and  which  will  be  within  0.4  per 
cent,  of  those  of  formula  (3).  Also  it  may  be  noticed 
that  when  using  formtila  (3)  great  accuracy  is  not  nec- 
essary when  selecting  values  for  L.  F  and  R.  Even  au 
approximate  value  of  E  may  be  used. 

Talbot  Water-Tube  Boiler 

I'.Y  T.  H.  Heath 

A  water-tube  boiler  with  features  that  will  appeal  to 
the  engineer  and  power  producer  is  becoming  well  known 
on  the  Pacific  coast.  Besides  safety  and  economy,  its 
strong  points  are  reparability  and  freedom  from  scale. 
It  is  manufactured  by  the  Talbot  Boiler  Co.,  Seattle, 
Wash.     Its  sceneral  construction  is  shown  from   Figs.   1, 


the  closed  end  of  the  outer  tube.  The  tubes,  as  regards 
the  headers,  resemble  a  porcupine  boiler,  only  the  inner 
tubes  of  the  Talbot  boiler  provide  the  circulating  medium 
for  the  w^ater,  Fig.  5. 

All  headers,  identical  for  each  size  of  boiler,  are  set 
horizontally,  one  above  the  other,  across  the  back,  except 
the  two  lower  ones,  which  are  set  vertically,  or  nearly  so. 
directly  below  the  horizontal  ones.  The  tubes  from  the 
horizontal  header  extend  over  the  furnace,  but  those  from 
tlie  vertical  headers  extend  each  side  of  the  furnace.  Fig. 
1  gives  a  good  idea  of  the  arrangement  of  the  headers 
and  ttibes,  although  the  tubes  on  the  firebox  side  are  not 
shown,  being  covered  by  the  insulating  material.  The 
front,  or  free  ends,  may  be  seen  at  the  lower  left-hand 
corner  of  Fig.  3. 

The  method  employed  for  supporting  the  parts  is  shown 
in  Fig.  1,  although  in  later  types  the  headers  are  car- 
ried by  saddles  and  the  water-pipe  inlets  by  supporting 
legs.  The  free  ends  of  the  tubes  are  loosely  supported 
by  the  front  casing  which  allows  unrestricted  expansion. 
Iron-plate  casing  is  used,  with  magnesia-asbestos  insula- 
tion. 

Referring  to  Fig.  1,  the  inlet  is  at  the  right  end  of  the 
top  header  at  A.  By  the  inside  arrangement  of  the  header 
the  water  is  compelled  to  go  through  all  its  tubes,  and 
])assiug  out  through  B,  loops  around  under  the  casing 
and  enters  the  next  lower  header  at  ('.  From  this  header 
and  tubes  the  water  passes  out  at  D,  crosses  over  to  the 
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2  and  3.  Fig.  I  shows  one  of  the  smaller  types  of  ihc 
boiler  supplying  steam  to  an  engine-driven  electrical  unit. 
The  steam-generating  ])arts  consist  of  a  number  of 
steel  headers  at  the  back  of  the  boiler  from  which  water- 
tube  meml)ers  extend  horizontally  toward  the  front,  each 
consisting  of  an  outer  anrl  inner  lube.  The  outer  tubes 
are  screwed  into  the  header  at  the  rear  end.  and  are 
welded  dosed  at  the  front  or  free  end.  The  inner  tubes, 
eoncentric  with  the  outer  ones,  are  also  screwed  into  the 
header,  but  connect  with  a  separate  chamber;  the  other 
end   is  opf>n   and   ext"iids   to  within   about   six   inches  of 


right  of  the  next  lower  one,  through  its  tubes  and  thus 
goes  through  all  of  the  horizontal  headers. 

From  the  last  horizontal  header  the  course  is  through 
the  pipe  E  to  the  lower  end  of  the  left  vertical  header 
and,  rising  through  it  and  its  tubes,  crosses  over  and  en- 
ters at  the  bottom  of  the  right  vertical  heailer  at  F, 
thence  1o  the  steam  i>ipe  <l. 

Ill  Fig.  .')  is  shown  a  section  of  a  header  and  llu'  way 
the  water  is  directe<l  through  the  tubes.  The  water  en- 
ters the  chamber  //  through  (he  ground  joint  and  flows 
through  the  inner  tubes  which  discharge  near  the  outer 
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«nd  of  the  outer  tube.  The  water  returns  between  the 
two  tubes  to  the  chamber  E,  which  passes  it  on  to  the 
next  chamber  connected  with  inner  tubes  only.  Thus  the 
water  is  directed  back  and  forth  over  the  heated  zone, 
through  four  sets  of  tubes  and  headers. 

It  will  bo  observed  from  Fig.  1  that  the  water-pipe  con- 
nectors between  headers  are  bent  or  looped  upward.  This 
is  for  the  purpose  of  trapping  or  retaining  the  water  in 
the  headers  when  the  boiler  is  not  in  operation. 

The  feed  water  is  controlled  automatically.  The  free 
■end  of  one  of  the  tubes  is  connected  to  a  lever,  and  by 
its  lineal  contraction  and  expansion  reduces  or  increases 
the  flow  of  water  by  causing  the  lever  to  close  or  open  a 


Fig.  4.  Boilek  and  Engine  Unit 


clearance  between  them  and  the  outer  tubes.  As  they  are 
subjected  to  a  balanced  pressure  this  does  not  interfere 
with  the  pressure  capacity  of  the  boiler.  The  ground 
joints  between  the  headers  and  water  connections,  secured 
with  studs,  are  shown  in  Figs.  1  and  5. 

The  rate  of  flow  varies  from  a  velocity  of  3000  ft.  in 
the  smaller  sizes  to  about  10,000  ft.  in  the  larger  types 
of  boilers.  The  rapid  circulation  as  well  as  increasing  the 
heat-absorbing  capacity  also  prevents  pitting  and  forma- 
tion of  scale;  boilers  operated  under  working  conditions 
after  months  of  use  are  found  unaffected. 

Scale-forming  solutions  have  been  tried  under  normal 
conditions  with  the  same  results.  The  water  is  carried 
along  so  vapidly  that  there  is  no  opportunity  for  the 
scale-forming  elements  to  precipitate  or  adhere.  In  boil- 
ers freshly  opened  after  service,  the  edge  of  the  tubes 
screwed  into  the  headers  is  found  slightly  rounded  and 
polished  by  the  rapidly  moving  sediment. 

One  of  the  important  features  of  the  boiler  is  its  re- 
parability.  About  the  only  thing  that  might  possibly 
fail  in  the  course  of  ordinary  operation  would  be  an  outer 
tube;  this  could  be  considered  an  ordinary  pipe-repair 
job.  The  free  ends  of  the  outer  tubes  are  welded  to  stand- 
ard shape  to  fit  a  spanner  for  screwing  them  in,  and  the 
inner  tubes  have  a  slot  across  the  ends  to  fit  a  screw- 
driver arrangement ;  these  operations  may  be  done  by 
opening  the  boiler  front,  when  the  tubes  are  at  once  ac- 
cessible. 

The  casing  is  in  renewable  sections  bolted  to  the  sup- 
porting frame.  Long  fiber  asbestos  is  pressed  lightly  over 
ilie  tubes  and  the  space  between  it  and  the  casing  is 
filled  with  magnesia. 

.\s  to  safety,  about  tlic  only  thing  that  could  happen 
Wdulil  be  a  liurst  Iiilic.  and  this  would  be  no  worse  than 


piston-admission  valve.  An  increase  of  temperature  be- 
yond a  predetermined  point  expands  the  tube,  causing 
the  lever  to  open  the  admission  valve,  letting  in  more 
water;  a  lowering  of  temperature  creates  the  reverse 
action  to  decrease  the  water  supply.  L,  Fig.  2,  shows  the 
lever  with  the  tube  attachment.  Water  is  delivered  ti- 
the  valve  under  constant  pressure,  generally  from  a 
pump,  and  bypasses  the  surplus  back  to  the  tank  or  .sup- 
ply; the  same  lever  can  be  used  to  control  the  fuel  oil 
■when  oil  is  used. 

As  the  stack  is  directly  over  the  top  header  tubes  the 
feed  water  enters  the  coolest  section  of  the  boiler  and 
works  down  into  the  hotter  zone.  Saturated  or  super- 
heated steam  may  be  used  as  desired.  The  degree  of 
superheat  is  controlled  by  the  water  admission ;  reduction 
of  flow  causes  an  increase  of  superheat.  The  ordinary 
water  gage  or  glass  is  not  used  in  this  type  of  boiler,  the 
amount  of  water  being  indicated  by  a  temperature  gage — 
in  appearance  something  like  a  steam  gage. 

There  is  only  small  steam-storage  capacity  in  this 
boiler,  as  it  is  designed  to  generate  steam  as  it  is  iised. 
As  a  full  head  of  steam  can  be  raised  from  a  cold  boiler 
in  from  four  to  six  minutes  there  need  be  practically  no 
standby  losses. 

The  headers  are  of  crucible  steel  with  cored  tube  cham- 
bers or  passage  ways  and  are  tested  to  1000  lb. ;  the  tubes 
are  of  standard  lap  or  butt-welded  iron  pipe  screwed  into 
the  headers.  On  the  small  boilers,  which  have  smaller 
pipes  than  the  larger  types,  the  inner  tube  is  turned  off  on 
the  outside,  decreasing  the  diameter  to  give  the  proper 
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Fig.  .5.   Details  of  Tube  Connections  to  HEAOEiis 

the  bursting  of  a  steam  pipe,  and  there  is  no  large  volume 
of  scalding  water  bai-k  of  it.  A  header  might  let  go,  but 
this  would  lie  improbable,  owing  to  its  construction  and 
large  factor  of  safety. 

Following  is  the  result  of  a  two-hour  evaporation  test 
that  was  made  with  a  Talbot  boiler  rated  at  100  hp. : 

Water  evaporated,  lb 7446 

Oil  used,  lb 490 

Average  temperature  of  feed  water,  deg.  F    ,  97.4 

Average  temperature  of  feed  steam,  deg.  F.  390 

Average  temperature  of  feed  oil,  deg.  F. .  .  .  65 

Maximum  stark  temperature,  deg.  F 350 

Minimum  stack  temperature,  deg.  F ,     265 

Temperature  of  boiler  room,  deg.  F \       70 

The  calorific  value  of  the  crude  oil  used  was  18,500 
B.t.u.  per  lb.  and  when  corrected  for  moisture  the  test 
shows  an  evaporation  of  17.31  lb.  of  water  per  lb.  of  oil. 
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The  Rational  Utilization  of  Coal 


By  F.  E.  Jl'xge 


SYNOPSIS — Inferior  grades  of  coal  which  trould  hardly 
be  worth  transporting  to  industrial  centers,  are  used  at 
the  mouth  of  the  mines  in  coke  ovens  and  producers.  The 
ga«  is  used  in  gas  engines  for  producing  high-tension  elec- 
tric current  and  innumerable  byproducts  are  obtained 
from  the  tar  residues.  This  practice  is  common  in  Ger- 
many. 

As  a  result  of  geological  retrospection  and  economic 
argument  we  are  forced  to  the  conclusion  that  all  re- 
sources which  are  capable  of  utilization  must  be  utilized, 
and  that  all  values  which  are  hidden  in  the  soil  must  be 
recovered,  in  order  to  attain  a  desirable  state  of  national 
efficiency.  Especially  coal,  the  greatest  nuiterial  asset  of 
a  country,  should  no  longer  be  wasted  by  imrning  it  on 
the  grate,  but.  if  it  contains  byproducts  capable  of  re- 
covery, it  should  be  converted  into  its  constituents,  so  as 
to  yield  the  maximum  possible  returns  in  heat.  Likewise, 
it  is  of  great  economic  importance  to  utilize  the  large 
tracts  of  lignite  and  peat  land,  particularly  those  located 
aear  large  undeveloped  bodies  of  ore,  and  to  render  use- 
ful the  inferior  grades  of  coal,  so  abundant  in  mining 
centers.  This  may  be  done  either  by  transforming  the 
caw  coals  into  some  form  of  available  energy  which  can 
be  transmitted  over  long  distances  at  reasonable  cost,  or 
by  refining  the  low-grade  coals  into  superior  products, 
•such  as  briquettes,  coke,  or  chemicals,  that  they  may  serve 
as  a  basis  for  other  industries. 

The  question  which  remains  then  is  not  whether  the 
inferior  grades  should  be  used  but  how  they  can  be  used 
most  efficiently.  Before  answering  this  question  it  is  op- 
portime  first  to  get  a  clear  idea  of  the  meaning  of  the 
term  ''low-grade  coal."  There  is  no  standard  of  designa- 
tion which  can  be  referred  to  and  none  that  can  be  es- 
tablished. A  fuel  cannot  be  classified  strictly  by  its  rela- 
tive heat  value,  nor  by  the  volatiles  it  contains.  The  con- 
jtant  change  in  byproduct  values  or  in  the  returns  realized 
therefrom  make  it  impossible  to  define  clearly  the  limits 
below  which  a  coal  becomes  inferior. 

If,  owing  to  their  low  carbon,  high  moisture  and  high 
jsh  contents,  lignites  and  peat  are  referred  to  as  low- 
^ade  fuels,  traditional  custom  is  being  followed  rather 
than  plain  facts  based  on  recent  developments.  Likewise, 
there  are  conditions  under  which  the  screenings  or  smaller 
jizes  of  a  high-grade  lean  coal  may  rank  equal  or  lower 
in  monetary  value.  It  is  only  refuse  such  as  culm  and 
ather  waste,  obtained  in  large  quantities  in  coal  mining 
md  which  hitherto  escaped  utilization  entirely,  owing 
to  their  e.xcessive  ash  contents,  that  can  be  rightly  classed 
IS  low-grade  coals,  since  both  their  contents  of  fixed  car- 
bon and  of  volatile  hydrocarbons  is  small. 

For  efficient  utilization  of  coal  there  arc  now  available 
the  byproduct  coke  oven,  the  gas  retort  and  the  gas  pro- 
iuccr. 

These  have  stood  the  test  of  practical  experience  and 
their  exclusive  adoption  for  the  conversion  of  coal  into 
superior  products  is  no  longer  a  matter  of  debate  but  of 
time  and  local  consideration.  The  method  of  utilization 
iepends  on  the  heat  value  and  chemical  characteristics  of 
the  coal.     The  hi|rher  its  heal  value  and  the  greater  the 


transportation  facilities  available  the  larger  will  be  the 
radius  of  commercial  distribution  of  the  coal  from  the 
pit.  If  the  intrinsic  value  of  the  particular  grade  of  coal 
is  not  high  enough  to  pay  its  transportation  charges  it 
must  be  used  on  the  spot,  for  the  chief  cost  of  coal  at 
most  places  is  not  that  of  mining  but  of  transporting  it 
to  the  market.  Hence,  if  by  some  mode  of  transmission 
either  in  the  form  of  gas  or  electric  current  the  trans- 
portation factor  can  be  eliminated,  the  coal  business  is 
relieved  of  one  of  the  chief  factors  which  decrease  profits, 
and  prohibit  commercial  independence. 

If  the  coal  is  of  poor  quality,  such  as  culm,  slack, 
refuse,  screening  and  other  waste  containing  a  high  per- 
centage of  ash,  making  it  unmarketable,  it  may  be  con- 
venient to  discharge  the  screenings,  without  any  attempt 
at  their  separation  from  dirt,  slate,  etc.,  upon  a  convej-or 
leading  to  the  boiler  roon-..  and  use  it  for  the  generation 
of  steam  power.  In  some  cases  in  Germany  it  is  found 
that  30  per  cent,  of  the  mine  output  is  worthless  for  sell- 
ing, but  if  used  at  the  mouth  of  the  pit  for  generating 
electric  energy,  it  is  possible  to  sell  power  at  a  cost  no 
greater  than  in  a  hydro-electric  plant  of  the  same 
size. 

Sometimes,  owing  to  excessive  ash  contents  in  culm 
and  waste  banks,  these  materials  cannot  be  burned  under 
boilers  because  the  ash  acts  both  as  a  diluent  and  as  an 
obstruction  to  the  combustion  process.  Xor  can  the  ma- 
terials be  dumped  back  into  the  mines  because  of  the 
danger  of  spontaneous  ignition.  Hitherto  they  were 
either  stored  in  large  piles  in  the  neighborhood  of  the 
pit,  or  where  territorial  limitations  prevented  this,  they 
were  transported  by  rail  into  neighboring  dumping 
grounds,  being  thus  absolutely  useless  and  causing  heavy 
expenditure.  Kow  there  are  two  possibilities  for  using 
these  low-grade  coals.  One  is  to  dump  them  into  Jahn's 
ring  producers  where  their  heat  value  is  utilized.  The  25 
or  30  per  cent,  of  combustibles  in  the  culm  yield  a  gas 
free  from  tar  and  well  suited  for  heating,  lighting  and 
power  purposes.  A  plant  of  this  type  has  been  in  active 
operation  for  ten  years  in  the  von  der  Heydt  coal  mines, 
Saarbriicken,  Germany.  The  cost  of  1000  B.t.u.  in  the 
form  of  producer  gas  is  only  0.005c.  Or  one  brake  horse- 
[lower-hour  in  gas  engines  costs  0.05c. 

Another  method  was  developed  by  Dr.  X.  Caro,  of  Ber- 
lin, Germany.  It  is  based  on  the  observation  that  culm 
banks  and  other  waste  contain  more  nitrogen  than  that 
which  corresponds  to  their  coal  contents.  In  Westfalian 
collieries  it  was  found  that  culm  banks,  the  coal  contents 
of  which  show  on  analysis  of  about  1.8  per  cent,  of  nitro- 
gen, contain  up  to  1  per  cent,  of  nitrogen,  although  their 
total  contents  of  combustible  matter  is  only  25  or  30  per 
cent.  Dr.  Caro  has  succeeded  in  gasifying  this  material 
in  producers  of  the  Moiid  type,  especially  equipped  for 
the  i)urpose,  and  besides  getting  a  suital)le  gas  he  gains 
about  80  per  cent,  of  its  total  nitrogen  contents  in  the 
form  of  sulphate  of  ammonia.  .\t  the  same  time,  the  sul- 
phur is  removed  so  that  the  residues  of  the  gasification 
process  can  be  directly  dumped  from  the  proilucer  back 
into  the  mines  without  fear  of  causing  ignition.  From 
fiO  to  no  III.  (if  sidphate  of  ammonia  are  gained  i>er  ton 
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of  culm  so  that  uot  only  the  cost  of  removing  the  coal  is 
recovered,  but  a  good  profit  is  also  realized. 

There  are  places  where  coal  of  very  small  size  is  avail- 
able in  large  quantities  and  at  low  cost,  such  as  coal  dust 
in  coke  and  gas  works.  Their  high  ash  and  dust  con- 
tents and  the  small  size  makes  them  unfit  for  boiler  fuel, 
because  the  fine  dust  clogs  up  the  flues  and  necessitates 
frequent  cleaning.  Nor  are  they  suited  for  transportation. 
Two  ways  for  utilizing  these  coals  are  now  open.  One 
is  to  burn  them  in  especially  designed  gas  producers,  the 
other  is  in  briquettes. 
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Fig.  I.  Comparison  BETWEEN  Commercial  Possibilities 

OF  BcExiNG  Coal  in  a  Boiler  and  Its  (iasi- 

FicATioN  IN  Coke  Ovens 

There  are  some  points  to  consider  when  using  dust  coals 
In  gas  producers.  The  great  resistance  offered  to  the  pass- 
age of  the  air  must  be  overcome  by  keeping  the  charge 
as  low  as  possible  and  uniform  in  height;  otherwise  the 
air  will  pass  up  along  the  walls,  producing  clinkers  and 
ii  bad  quality  of  gas.  The  coal  must  be  charged 
frequently  within  short  intervals  and  in  small  quantities, 
and  if  it  contains  moisture  it  must  be  preheated  by  the 
gas.  This  exchange  of  heat  will  increase  the  calorific 
\alue  of  the  gas,  at  the  same  time  lowering  its  tempera- 
ture. 

Under  certain  local  conditions  the  smaller  sizes,  such  as 
buckwheat,  pea,  dust  anthracite,  and  dust  coke,  have  a 
reasonable  chance  of  competition  and  may  even  be  su- 
perior to  bituminous  coal,  lignite  and  peat  fuels.  For 
example,  in  a  certain  city  gas  power  was  to  be  adopted, 
and  there  were  three  different  classes  of  fuel  available, 
anthracite  nut  at  $5  per  ton,  anthracite  dust  at  $1.70 
per  ton,  and  lignite  briquettes  at  $2  per  ton,  having  the 
respective  heat  values  of  13,500,  12,600  and  8100  B.t.u. 
per  lb.  The  fuel  consumption,  including  all  losses,  worked 
out  at  0.25,  0.089  and  0.18c.  per  b.hp.-hr.  for  the  three 
classes.  In  this  particular  case  dust  anthracite  was  su- 
perior, and  it  had  the  special  advantage  over  lignite  that 
it  yielded  a  gas  absolutely  free  from  tar.  Taking  into 
consideration  the  factor  of  transportation  it  was  found 
that  the  cost  of  fuel  for  operation  with  these  three  classes 
is  equal  when  the  plant  is  located  at  the  following  re- 
spective distances  from  the  mine:  anthracite  nut  0,  an- 
thracite and  coke  dust  404,  and  lignite  briquettes  73 
miles.  It  is  seen  that  dust  coke  and  dust  anthracite, 
owins  to  their  low  price  and  comparatively  high  heating 
value,  have  the  largest  commercial  distribution  radius,  in 
this  case. 

There  are  other  cases  where  dust  fuels  cannot  be  dis- 


po.sed  of  at  a  profit  and  where  it  is  better  to  convert  them 
into  a  more  convenient  form  of  fuel  by  briquetting.  In 
one  case  in  Kiga  large  piles  of  dust  coke  were  available, 
which  had  been  sold  previously  as  filling  material  for 
ceilings,  bringing  2.5c.  per  100  lb.,  while  coke  in  the 
larger  sizes  sold  at  30c.  Although  the  dust  coke  con- 
tained from  75  to  80  per  cent,  combustible  it  was  unfit 
for  use  in  boilers,  because  of  the  objections  previously 
mentioned.  Therefore,  a  briquetting  machine  was  in- 
stalled which  produced  1000  briquettes  per  hour.  An 
addition  of  5-  per  cent,  of  hard  pitch  and  tar  residues 
as  binding  material  gave  sufficient  cohesion.  The  aver- 
age production  in  a  10-hr.  day  was  8240  lb.  of  briquettes 
having  a  heat  value  only  5  per  cent,  lower  than  the  coke, 
the  higher  ash  content  ^eing  compensated  by  the  greater 
heat  value  of  the  tar  and  pitch.  By  the  adoption  of  su- 
perior methods  of  utilization  the  returns  from  this  low- 
grade  material  have  been  increased  from  55c.  realized  per 
ton  of  coke  dust  to  $3  received  per  ton  of  coke  briquettes. 

Summarizing,  it  may  be  said  that  coals  of  low  heat 
value  and  others  containing  a  high  percentage  of  asli 
should  be  converted  into  electric  energy  at  the  mouth 
of  the  mine,  the  current  being  transmitted  to  neighboring 
districts,  provided  that  there  are  markets  within  reaching 
distance.  With  the  high  voltages  now  employed  there  is, 
in  small  countries  like  Germany,  practically  no  limit  in 
distance,  as  far  as  the  tnmsniission  of  electric  energy  is 
concerned. 

Coals  (if  liigb  lir.-it  viihu'  but  (if  iiu-ouvenient  form  should 
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Fig.  2.    Chart  Showing  P.yprouucts  Recovered 
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be  either  gasified  in  s^Jecial  producers  and  the  power  dis- 
tributed by  electricity,  or  they  may  be  formed  into 
briquettes,  thereby  increasing  their  value  and  rendering 
them  capable  of  competition  with  the  high-grade  coals. 
Only  those  nonbituminous  coals,  such  as  antliracite  and 
semi-anthracite,  which  contain  a  high  percentage  of  fixed 
carbon  and  a  low  percentage  of  volatile  hydrocarlwns,  and 
are  convenient  to  handle,  should  be  shipped  to  markets 
and  used  for  direct  combustion  on  the  grate.  Other  con- 
ditions being  equal,  heat  value  and  transportation  fix  a 
definite  economic  limit  beyond  which  a  certain  coal  from 
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a  certain  mine  is  no  longer  marketable  and  must  i)e  U'ied 
at  the  mine. 

The  diagram.  Fig.  1,  gives  a  eomparative  analj-sis  be- 
tween the  industrial  possibilities  inherent  in  the  direct 
combustion  of  coal  on  the  grate  and  in  the  gasification  of 
coal  in  coke  ovens.  In  the  first  case  the  application  is 
limited  to  the  generation  of  heat,  steam  power  and  elec- 
tric energy.  The  applications  in  the  second  case  are 
numerous  and  support  a  variety  of  industries;  also  the  re- 
sulting coke  can  be  used  for  heating,  steam-  and  gas- 
power  production  and  for  the  generation  of  electric  en- 
erg}'.  If  used  in  the  blast  furnace  for  making  iron  it 
gives  rise  to  a  number  of  additional  processes,  the  re- 
sulting blast-furnace  gas  being  used  for  heating,  power 
production  and  for  the  generation  of  electricity. 

If  the  gas  be  deprived  of  its  more  valuable  constituents 
there  are  obtained,  among  other  things,  sulphate  of  am- 
monia and  sal  ammoniac,  which  is  used  extensively  in  the 
manufacture  of  explosives  and  as  fertilizer.  The  yield 
of  ammonium  sulphate  amounts  to  about  1.5  per  cent, 
of  the  weight  of  coal  coked,  and  its  price  is  about  $G() 
per  ton  in  Germany,  or  £13  ($60)  per  ton  in  England. 
Germany  now  controls  the  world's  market  with  an  output 
of  more  than  -±10,000  tons  of  ammonium  salts,  represent- 
ing a  selling  value  of  over  $25,000,000. 

Tlie  second  important  byjiroduct  of  coke-oven  gas,  ben- 
zol, represents  about  1.5  per  cent,  of  the  weight  of  coal 
coked.  Benzol  is  used  largely  in  the  dye  industries,  but 
of  late  is  also  being  employed  largely  as  fuel  for  auto- 
mobiles, its  price  being  about  $6  per  100  kg.  (220  lb.)  or 
71/2(1.  (loc.)  per  gal.  in  England.  The  French  automo- 
bile business  absorbs  the  largest  part  of  the  Germany  ben- 
zol production.  Benzol  is  the  mother  substance  of  a 
large  number  of  aromatic  compounds  and  of  artificial 
dye  stuffs;  besides,  it  is  used  as  a  solvent  and  purifier 
for  numerous  organic  bodies,  such  as  caoutachouc  and 
gums. 

The  work  involved  in  the  recovery  of  byproducts  from 
coal  tar,  of  which  Fig.  2  presents  a  graphical  idea,  gives 
employment  to  an  army  of  people,  from  the  highly  trained 
scientific  expert  and  investigator,  through  the  ranks  of 
merchants,  clerks  and  skilled  laborers,  down  to  the  day 
laborer.  The  significance  of  the  rational  utilization  of  coal 
becomes  even  more  apparent  if  some  of  the  more  import- 
ant tar  products  are  studied  in  detail.  From  one-fifth 
to  one-fourth  of  the  coal  tar  produced  is  used  raw,  the 
rest  being  subject  to  development  by  fractional  distilla- 
tion. The  raw  tar  and  such  derivates  as  pitch-tar  oil  and 
creosote  find  extensive  use  as  preservatives  of  wood  and 
iron  from  dampness,  decay  and  attacks  of  insects.  Tar 
paper  has  now  come  to  be,  on  account  of  its  simplicity 
and  cheapness,  an  indispensable  building  material  for 
roofing  and  protection.  Raw  tar  is  al.so  used  to  remedy  the 
dust  nuisance  on  roads,  and  as  a  binder  for  cru.shed  stone 
it  gives  a  smooth,  elastic,  noiseless,  dust-free  roadbed. 
Pitch  is  extensively  used  at  coal  mines  as  a  binder  for  fine 
coal  anil  coal  dust,  permitting  these  to  be  compres.sed 
into  brii|uettes. 

Conclusion 

From  tlie  foregoing  it  appears  that  of  all  industrial  re- 
sources coal  is  the  most  important  material  as.set  of  a 
country.  Its  rational  utilization  enables  a  nation  to  pos- 
sess within  itself  almost  all  the  essentials  of  national  sup- 
ply,  and    the    possibilities   of   further   development   are 


practically  unlimited.  To  reach  this  desirable  state  of 
commercial  independence  and  technical  excellence  it  is 
essential  to  abandon  the  old  wasteful  method  of  treating 
coal  as  a  fuel  and  utilizing  its  heat  value  only.  It  is 
necessary  to  consider  coal  as  a  raw  material  burdened  with 
latent  wealth,  and  to  recover  from  it.  as  far  as  possible, 
the  innumerable  byproducts  inherent  in  it.  It  is  further 
necessary  to  concentrate  tlie  rational  utilization  of  coal 
at  mining  centers,  to  cease  transporting  it  in  its  crude 
form,  but  instead,  after  separating  out  its  valuable  con- 
stituents, to  transmit  it  in  some  superior  form  of  energy, 
either  as  gas  or  electricity,  to  the  markets.  By  this  method 
it  becomes  possible  to  make  use  of  the  inferior  grades 
of  coal  which  were  hitherto  regarded  as  worthless,  at  the 
same  time  eliminating  the  transportation  factor  and  in- 
suring maximum  industrial  efficiency. 

How  One  Mill  Beats  the  Central 
Station 

"What  is  the  situation  with  regard  to  the  central  sta- 
tion?" the  editor  asked  a  friend  Down  East  one  day.  "Is 
the  central  station  really  .selling  current  cheaper  than  the 
isolated  plant  can  make  power  when  there  is  heating  to 
do?" 

"Go  <lowu  to  the  Lowell  Weaving  Co.  and  ask  George 
Dearborn  how  he  came  out  with  it,"  suggested  the  friend. 

The  editor  found  Mr.  Dearborn  sitting  in  a  sunny 
corner  of  the  spick-and-span  concrete  office  building  of 
the  weaving  coni])any.  To  my  explanation  of  my  in- 
terest in  his  experience  with  the  central-station  power, 
Mr.  Dearborn  responded,  "The  electric  company  here 
has  a  young  fellow  on  its  staff  who  can  give  out  the 
most  eloquent  and  convincing  line  of  argument  of  anyone 
who  comes  in  here,  and  the  burden  of  his  song  is,  'unin- 
terrupted service  and  unrivaled  economy.'  He  was  so 
charitably  disposed,  and  so  anxious  and  kind  in  his  disin- 
terested friend.ship  for  us  that  we  came  near  dismantling 
our  plant  and  hooking  up  to  his  feeder,  in  which  case  he 
assured  us  that  our  motive  power  and  its  worriments 
would  be  a  thing  of  the  past.  We  could  .sell  one  boiler, 
run  the  other  at  the  "minimum  of  pressure'  (that  was 
another  of  his  pet  phrases)  and  .save  enough  so  that  we 
could  almost  afford  to  put  him  on  the  payroll. 

"Well,  we  had  to  make  a  change.  We  had  outgrown 
our  little  engine,  and  to  lake  it  Dut,  cut  out  a  bunch  of 
concrete,  make  the  i)lant  o\er  as  I  wanted  to,  and  put  in 
the  bigger  engine,  would  take,  as  I  figured  it,  eight  or  ten 
weeks.  So,  we  got  some  motors,  hooked  on  to  the  cen- 
tral station,  ca.st  off  from  our  worriments  and  i)repared  to 
glide  down  this  placid  stream  of  'uninterrupted  service 
and  unrivaled  economy.' 

"AVe  have  devoloi)ed  here  for  the  last  five  years  some 
two  or  three  hundreil  hor.sepower.  We  weigh  our  coal  and 
take  indicator  cards  four  time  a  ilay.  The  coal  bills  at 
the  end  of  the  year  check  against  the  engineer's  and  fire- 
man's figures  and  the  indicator  cards  are  still  on  file. 
Our  bills  for  power  averaged  in  the  neighborhood  of  $26 
or  $27  a  year  per  horsepower.  We  were  generating  power 
on  from  2%  to  3  lb.  of  coal  per  horsepower-hour,  and  the 
whole  bill  for  power,  including  coal,  engineer,  fireman,  oil, 
waste,  rejiairs,  etc..  amounted  to  about  $1.50  a  week  run- 
ning under  normal  conditions.  There  were  some  students 
from  the  Massachusetts  Institute  of  Technology  who  came 
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up  here  aud  made  a  continuous  test  for  a  week,  and  their 
figures  check  up  with  our  own. 

•'Well,  sir,  there  was  not  a  single  week  out  of  the  ten 
weeks  that  the  central  station  was  hooked  up  here  that 
our  power  bill  did  not  run  from  $o'io  to  $600,  and  that's 
for  the  power  alone.  In  addition  to  that  we  burned  a 
lot  of  coal  to  keep  the  mill  warm  that  would  have  been 
included  in  our  little  $150  a  week  when  we  were  running 
our  own  plant     So  much  for  the  'unrivaled  economy.' 

"Is^ow,  for  the  'uninterrupted  service.'  We  were  shut 
down,  three  times,  in  that  ten  weeks,  and  I  never  could 
tell  when  we  were  going  to  get  to  going  again.  Once  it 
was  on  accoimt  of  a  thunder  storm ;  the  other  times,  some- 
thing else.  We  never  knew  when  it  was  going  to  happen, 
and  when  it  did  happen,  we  never  knew  whether  to  send 
the  help  home  or  keep  them  around.  If  you  telephoned, 
they  could  not  tell  you  whether  the  current  would  be  o£E 
for  two  hours  or  a  week.  ^Vhy,  that  little  Rollins  engine 
that  we  took  out  had  run  five  years  with  only  one  shut- 
down to  its  account,  and  that  was  only  for  about  three 
minutes  while  they  took  out  a  handful  of  waste  that  had 
got  into  the  regulator  gears.  We  have  got  them  cased  in 
on  the  new  one.  Come  down  and  look  at  our  littje 
plant.  There  is  not  much  of  it,  but  it  is  turning  out 
power  about  as  cheap  as  any  of  them." 

We  went  out  through  the  mill  and  Mr.  Dearborn 
stopped  to  show  us  some  cotton  duck  that  looked  fine 
enough  to  make  a  ball  dress  of.  When  I  said  so,  he  re- 
plied that  they  had  made  some  out  of  silk.  They  make 
all  of  the  tine  duck  which  is  used  for  sails  on  the  Her- 
reshoff  yachts  in  the  international  races.  They  made 
some  which  was  used  on  the  "Shamrock,"  too;  but  that  is 
a  secret,  for  everything  on  the  "Shamrock"  was  supposed 
to  be  British  made. 

They  have  a  nice,  plain,  work-a-day  plant,  with  no 
frills,  but  Mnth  ever)i:hing  excellently  adapted  to  its  pur- 
pose, convenient  to  handle  and  made  to  give  "uninter- 
rupted service,"  without  any  spare  units,  duplicate  parts 
or  standby  service.  The  floor  of  the  engine  room  is  a 
great  monolith  of  concrete,  to  which  is  bolted  a  24x42- 
in.  Rollins  engine  running  at  93  r.p.m.,  with  100  lb. 
initial  pressure  and  a  back  pressure  of  from  3  to  4  lb. 
They  use  only  about  one-third  of  their  exhaust  steam.  The 
National  feed-water  heater  has  ample  capacity  to  heat 
the  feed  water  nearly  to  the  temperature  of  the  exhaust. 

The  horizontal  return-tubular  boilers,  of  which  there 
are  two  in  place  and  another  being  installed,  are  right 
alongside  the  engine,  separated  only  by  a  heavy  wall,  and 
the  pipe  is  so  ample  and  direct  that  there  is  little  loss  of 
heat  or  pressure  between  them.  The  boilers  are  18  ft. 
by  72  in.,  with  ninety-four  3V^-in.  tiibes.  All  of  the 
radiating  surfaces  are  heavily  covered  with  magnesia,  for 
that  is  one  of  the  points  upon  which  Mr.  Dearborn  places 
especial  stress.  "Keep  your  heat  in  when  you  have  got 
it;  a  little  more  covering  will  pay  for  itself  in  a  little 
while,  and  then  go  on  making  money  for  you  for  years." 
The  boilers  are  served  by  a  concrete  stack  100  ft.  in 
height,  with  a  72-in.  core  and  a  draft,  as  Mr.  Dearborn 
expresses  it  "which  would  snatch  the  fireman's  shovel 
away  if  he  did  not  hang  on  to  it." 

The  engine  is  belted  to  a  jackshaft  with  a  heavy  three- 
ply  belt.  If  anvfthing  went  wrong  with  that  belt,  or  trans- 
mission, it  would  put  the  mill  out  of  business  ;  but  nothing 
is  expected  to  go  wrong.  "When  I  buy  a  belt,"  said  Mr. 
Dearborn,  "I  ask  the  man  the  price  and  then  I  ask  him 


if  I  pay  him  more  can  he  make  me  a  better  belt."  The 
belt  that  was  on  the  engine  ran  the  entire  time  that  en- 
gine was  in  service,  without  any  indication  of  trouble,  and 
is  now  running  one  of  the  line  shafts  from  the  jack.  The 
jackshaft  is  short  and  heavy,  with  ring-oiled  bearings,  and 
runs  so  smooth  that,  as  my  host  expressed  it  "You  could  • 
cool  your  drinking  water  on  them."  He  is  proud  of  the 
fact  that  the  friction  load  of  his  mill  is  only  2.5  per  cent. 
He  uses  nothing  but  turned  iron  shafting,  put  together 
with  flange  couplings,  split  wood-rimmed  pulleys  and 
ring-oiled  hanger  bearings.  Turned  iron  shafting,  he  be- 
lieves, gives  less  friction  in  the  bearings  and  stays  straight. 
The  cold-rolled  shafting,  according  to  his  doctrine,  is 
filled  with  internal  stresses.  If  you  cut  a  keyway  into  it 
and  relieve  the  surface  tension,  and  especially,  if  you  put 
it  up  with  compression  coufilings,  it  will  go  all  out  of 
shape  and  will  ''look  like  a  row  of  cornstalk  joints  wad-' 
dling  around."  His  shafting  does  certainly  run  so  true 
that  it  is  difficult  to  see  whether  it  is  turning.  In  the  five 
j'ears'  service  of  the  smaller  plant,  there  was  only  one 
shutdown  on  account  of  the  entire  transmission.  This  was 
caused  by  a  twister  cord  getting  wound  around  the  shaft 
and  fotiling  one  of  the  rings  in  one  of  the  hanger  boxes, 
causing  it  to  heat. 

The  entire  cost  of  the  power  plant  did  not  exceed  $14,- 
500.  It  will  be  seen  that  even  when  the  account  is  charged 
with  a  fair  depreciation,  interest,  taxes,  insurance,  etc., 
upon  the  cost,  there  is  an  ample  margin  between  the  cost 
of  the  power  so  produced  and  that  at  which  it  could  be 
purchased  from  the  central  station. 


Power  Distribution  for  Panama  Canal 

The  electric  power  distribution  for  the  Panama  Canal 
operation  and  lighting  will  require  246  miles  of  lead- 
covered  cable,  which  is  about  40  per  cent,  of  the  total 
amount  placed  by  the  largest  electric  power  company  in 
the  United  States  during  the  20  years  preceding  1908, 
states  Engineering  News.  These  cables  will  be  carried 
through  the  lock  walls  in  vitrified  clay  ducts.  On  ac- 
count of  the  large  amount  of  cable  to  be  placed  in  the 
ducts  a  special  device  using  an  electrically  operated  winch 
was  resorted  to. 

Before  the  operation  is  begun  the  ducts  are  carefully 
cleaned.  Then  a  small  steel  lead  wire  is  pulled  througli. 
and  by  this  means  a  manila  cable  is  drawn  through  the 
duct.  The  electric  cable  is  attached  to  the  rope,  and  the 
winch  is  set  in  motion.  By  this  method  it  is  possible  to 
pull  900-ft.  lengths  of  No.  0000  B.  &  S.  gage  lead-covered 
cable  at  one  time,  whereas  the  average  length  by  other 
methods  is  about  300  ft.  The  outside  diameter  of  this 
cable  is  a  trifle  more  than  2  in.  In  such  a  length  the 
cable  passes  through  two  intermediate  manholes,  aud  is 
greased  at  three  points  to  aid  in  reducing  friction.  The 
advantage  of  pulling  the  long  sections  at  one  operation  is 
that  the  making  of  two  joints  is  saved,  and  this  is  a  con- 
siderable economy.  The  winch  used  for  the  purpose  is 
mounted  upon  trucks  operated  over  the  return  tracks  o* 
the  canal  towing  system.  The  cable  is  placed  directl; 
below  the  floor  of  the  operating  tunnel,  and,  therefore, 
the  pull  by  the  winch  is  direct. 

In  addition  to  the  amount  of  cable  mentioned  above, 
the  lighting  system  will  require  about  112  miles  of  wire 
of  miscellaneous  sizes  from  Nos.  18  to  00  B.  &  S.  gage. 
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Generator    and     Prime    Mover 
Capacities* 

By  D.  B.  EusHiioKE  axd  E.  A.  Lof 

The  capacity  of  an  alternator  is  limited  not  only  by  the 
actual  load  which  it  is  carrying,  but  also  by  the  power 
factor.  The  additional  heating  at  low  power  factors  and 
constant  power  is  due  to  the  wattless  component  of  the 
armature  current  and  also  to  the  additional  field  current 
necessary  to  counteract  it.  In  many  cases  it  is  possible 
to  predetermine  approximately  the  power  factor  under 
which  the  generators  will  operate,  and  a  special  design 
to  meet  this  particular  condition  is  largely  desirable. 

The  generator  may  be  designed  for  unity  power  factor, 
while  the  conditions  of  operation  may  give  a  power  factor 
of  0.8,  in  which  case  only  a  part  of  the  prime-mover  ca- 
pacity can  be  utilized.  In  some  hydro-electric  stations, 
the  waterwheel  is  either  too  small  or  too  large  for  the 
generator  and  a  like  result  ensues.  Where  the 
generators  are  installed  to  handle  peak  loads,  this  mal- 
adjustment of  ratings  is  a  necessity,  but  with  most  of  the 
larger  systems  it  is  unnecessary  to  run  machines  except 
at  or  near  their  maximum  ratings.  In  the  past  every 
effort  was  made  to  adjust  the  ratings  of  generators  to 
the  load  curves  and  2.5,  50  and  100  per  cent,  overload 
guarantees  resulted  for  certain  apparatus.  Experience 
and  better  load  conditions  have  changed  this  to  a  maxi- 
mum rating  which  has  become  possible  largely  through 
the  growth  in  the  size  of  stations  and  systems. 

The  speeds  of  engine-driven  units,  both  gas  and  steam, 
have  become  nearly  standardized,  and  turbine-driven  sets 
are  rapidly  approaching  the  same  condition.  With  water- 
wheel  units,  however,  the  situation  is  such  that  the  capac- 
ity and  speed  of  the  generator  are  often  determined  largely 
by  the  hydraulic  conditions  and  the  characteristics  of  the 
waterwheel  which  is  to  be  used. 

With  steam  engines,  the  point  of  maximum  efficiency 
is  rather  marked,  and  the  ratings  are  usually  such  that 
the  engine  is  working  under  its  most  economical  load 
at  the  rating  of  the  electrical  generator.  With  gas  en- 
gines, however,  the  efficiency  increases  with  the  load  be- 
yond the  capacity  of  the  engine,  and  for  this  reason,  the 
rating  of  the  engine  is  generally  made  as  nearly  as  pos- 
sible to  its  maximum  capacity,  leaving  a  small  margin  for 
regulating  purposes.  With  the  steam  turbine  the  effi- 
ciency curve  is  usually  so  fiat  that  it  is  a  question  of  de- 
sirable overload  capacity  which  limits  the  rating  of  the 
turbine.  In  the  waterwheel  unit,  the  efficiency  usually 
falls  off  rapidly  above  and  below  the  maximum  point,  so 
that  the  rating  of  the'  generator  should  correspond  to  the 
point  of  maximum  efficiency  of  the  waterwheel. 

Steam  engines  and  steam  turbines  are  designed  to  op- 
erate with  certain  variations  both  in  pressure  of  the  steam 
and  conditions  of  the  vacuum.  Gas  engines  must  accom- 
modate themselves  to  variation  in  the  quality  of  the  gas. 

•Excerpts  from  paper  presented  at  midwinter  convention 
of  the  American  Institute  of  Blectrlcal   Englnoers. 


With  the  waterwheels,  however,  most  installations  arc  sub- 
ject to  a  change  in  head  which  varies  over  a  wide  range. 
In  many  of  the  low-head  installations,  the  back  water 
may  bring  about  a  change  in  head  which  is  beyond  the 
capacity  of  the  wheel  to  accommodate,  and  in  some  plants 
additional  wheels  must  be  mounted  on  the  same  shaft  and 
cut  into  service  at  times  of  low  head.  One  particular  in- 
stance of  this  kind  is  the  plant  of  the  Chattanooga  and 
Tennessee  River  Power  Co.,  where  the  head  may  vary 
from  20  to  42  ft.  In  most  of  the  large  developments, 
this  change  in  head  is  the  limiting  feature  in  the  design 
of  the  waterwheel  as  related  to  the  generator  capacity,  for 
in  all  electrical  work  it  is  necessary  that  the  speed  of  the 
generator  be  kept  constant. 

Waterwheel  runners  of  different  designs  are  compared 
on  the  basis  of  their  specific  speeds.  The  specific  speed 
of  a  waterwheel  is  the  number  of  revolutions  per  minute 
at  the  point  of  maximum  efficiency  that  a  similar  wheel 
will  give  when  it  delivers  one  horsepower  under  one  meter 
head.    By  comparison  of  the  specific  speeds,  it  is  possible 
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Fig.  1.    Variation  of  Efficiency  with  Hohsepower 
FOR  Different  Specific  Speeds 

to  judge  of  the  characteristics  of  waterwheel  runners  with- 
out respect  to  their  actual  speed,  power  or  head.  A  high 
specific  speed  means  a  high  actual  speed  and  a  low  specific 
speed  means  a  low  actual  speed  in  revolutions  per  min- 
ute. For  this  reason,  waterwheels  with  low  specific  speeds 
are  generally  used  with  high  heads  in  order  to  make  the 
speed  of  the  generator  within  the  range  of  good  electrical 
design. 

The  maximum  full-load  capacity  of  a  turbine  is  that 
point  beyond  which  the  output  decreases  with  an  increase 
in  gate  opening.  The  margin  between  the  point  of  maxi- 
mum efficiency  and  maximum  capacity  depends  upon  the 
specific  speed  of  the  runner  and  is  smaller  the  higher  the 
specific  speed.  This  is  illustrated  in  Fig.  1,  which  shows 
that  as  the  specific  speed  is  increased  the  point  at  which 
maximum  efficiency  occurs  approaches  nearer  to  the  power 
delivered  nt  full  gate  opening.  The  specific  speed  may 
thus  be  increased  to  such  an  extent  that  tlie  point  of  maxi- 
mum efficiency  and  maximum  output  coincide.  There- 
fore, with  low  heads  and  high  specific  speeds  it  is  de- 
sirable to  operate  wheels  near  their  point  of  maximum 
output,  and  to  obtain  the  best  results  the  generator  should 
be  designed  with  consideration  given  to  this  point. 
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Referring  again  to  the  curves  in  Fig.  1,  it  will  be  noted 
that  the  full-load  capacity  occurs  at  about  6  per  cent. 
above  normal  or  rated  full  load  in  all  three  cases.  This 
is  in  accordance  with  the  general  practice,  the  margin 
being  allowed  for  governing.  It  is  also  noted  that  for 
curves  B  and  C  the  efficiency  falls  off  very  rapidly  at 
6  per  cent,  overload,  and  that  should  the  gate  be  opened 
still  further,  the  output  would  reduce  instead  of  increase. 
If,  w^th  wheels  of  low  specific  speed,  as  represented  by 
curve  .-1,  the  gates  were  still  further  opened,  the  power 
would  continue  to  increase  to  some  extent. 

The  poirit  of  maximum  eificiency  for  wheels  repre- 
sented by  curve  .-1  occurs  at  about  !)0  per  cent,  of  normal 
full  load,  in  the  case  of  B  at  93.5  per  cent.,  while  in  the 
case  of  C,  the  maximum  efficiency  occurs  just  at  the 
point  of  normal  or  rated  full  load.  Thus,  the  power  at 
which  the  maximum  efficiency  occurs  approaches  nearer 
to  full  load  as  the  specific  sj^eed  increases. 

With  high  head  wheels,  as  represented  by  curve  A,  the 
efficiency  remains  high  over  a  large  range  in  power,  while 
for  low  head  wheels,  curve  C,  the  efficiency  falls  off  rapidly 
as  the  power  is  reduced  below 'the  normal  full  load.  For 
this  reason  it  is  desirable  to  run  low  head  wheels  un- 
der practically  full-load  conditions.  With  high  head 
wheels  this  is  not  so  important.  With  wheels,  as  repre- 
sented by  curve  C,  it  is  also  necessary  to  allow  some  mar- 
gin above  the  normal  full  load  for  governing,  as  it  is  de- 
sirable to  operate  the  turbine  at  its  point  of  maximum 
efficieiK'y.  With  high  head  wheels,  curve  .1,  such  a  mar- 
gin need  not  be  allowed. 

The  curves  plotted  in  Fig.  1  represent  operating  con- 
ditions under  constant  head.  In  Fig.  2,  is  plotted  a  set 
of  curves  dlustrating  the  effect  of  a  varying  head.  A 
10,000-hp.  turbine  is  assumed  to  operate  under  a  33- 
ft.  head,  the  speed  being  constant  for  a  range  of  heads 
from  26  to  38  ft.     As  the  head  goes  up  to  38  ft.,  the 


more,  considerably  below  the  normal  full  load  at  that 
head,  while  under  26-ft.  head  the  power  at  which  maxi- 
mum efficiency  occurs  is  the  actual  full  load. 

In  the  selection  of  a  speed  for  any  installation,  there- 
fore, aside  from  the  cost  of  the  generators,  the  question 
of  the  wheel  efficiencies  at  partial  gate  openings  has  con- 
siderable bearing.  Where  a  unit  is  likely  to  operate  un- 
der a  very  wide  range  in  power,  it  would  be  advisable 
to  select  a  unit  represented  by  curve  .1.  giving  a  high  effi- 
ciency for  a  considerable  range  in  pnwcr. 

New  Departure  in  Switchboard 
Meters 

One  of  the  elementary  principles  of  scieiitiiic  illumina- 
tion is  that  only  those  parts  should  be  illuminated  that  arc 
desired  to  be  seen.     This  principle  has  been  utilized  in  a 


Br.AcK  Dial  ('(nii'Aitioi)  with  White  One 

line  of  7-in.  dial,  indicating  switchboard  meters  recently 

put    out    by    the    Westinghouse    Electric    &    Mfg.    Co. 

A  white  mark  on  a  black  background  is  much  easier 
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Fig.  2.  Pekformaxck  of  1().000-hp.  Unit  at  Constant  Si'fkii  and  \'Ar>iors  Heads 


shape  of  the  curve  approaches  more  closely  curve  B  iu 
Fig.  1,  while,  when  the  head  falls  to  36  ft.,  the  speed  be- 
ing constant,  it  approaches  more  closely  to  curve  C  In 
other  words,  when  operating  under  a  38-ft.  head  the  speed 
is  lower  than  the  best  speed  for  the  runner  under  that 
head ;  while,  when  operating  under  the  36-ft.  head,  the 
speed  of  the  wheel  is  higher  than  the  best  speed.  Under 
38-ft.  head  the  point  of  maximum  efficiency  is,  further- 


seen  than  a  black  mark  on  a  white  background,  and,  there- 
fore, these  meters  are  supplied  with  black  dials,  the  mark- 
ings on  which  are  white.  Their  particular  field  of  appli- 
cation is  in  installations  involving  poor  natural  or  arti- 
ficial illumination.  The  illustration  shows  the  black  and 
white  dial  meters  under  identical  conditions  of  illumina- 
tion, from  which  it  is  an  easy  matter  to  determine  the 
relative  readability  of  the  two  types. 
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Substation  Wiring 

In  reading  over  Thomas  G.  Thur.^toii's  article  on  "■Suh- 
station  Wiring,"  in  the  Mar.  4  issue,  I  came  across  an 
error  in  Fig.  2.  As  printed  the  battery  switch  E  is  con- 
nected up  wrong,  which  shows  tlie  two  sections  of  the  bat- 
tery short-circuited  at  both  the  lower  clips  on  switch  E. 
But  the  main  question  still  remains,  even  though  switch 
E  is  connected  up  pro])erly : 

Where  did  the  excess  voltage  come  from,  and  why  did 
the  two  signal  lamps  A'  and  G  burn?  The  excess  voltage 
over  the  operating  busbar  voltage  when  the  signal  lights 
were  put  on  the  transformer  .system  was  due  to  the  sig- 
nal light  circuit  being  ])laced  in  series  with  the  low-ten- 
sion side  of  the  10-kw.,  2200-  to  llO-volt  transformer  by 
means  of  the  auxiliary  busbar.  Such  l)eiug  the  case,  the 
transformer  acts  as  a  booster,  hence  adds  a  proportion  of 
its  positive  electromotive  force  to  that  of  the  operating 
busbar. 

When  the  switch  E,  Fig.  2,  is  closed  up,  current  will 
flow  through  the  green  lamp  and  give  excessive  brilliancy, 
owing  to  increased  electromotive  force;  thence  through 
tlie  auxiliary  busbar  and  through  the  low-tension  side  of 
ill*'  transformer  to  the  negative  side  of  the  battery  or  ex- 
citer, whichever  is  connected  to  the  operating  busbars. 


As  Fh;.  2.  Shows 


A.s  Fig.  5  Sjioild  Be 


.\ls<)  current  of  normal  transformer  volt;ige  will  pass 
from  the  negative  operating  busliar  through  tri])  coil  // 
and  red  lamp  R  to  the  auxiliary  busbar  and  give  normal 
brilliancy. 

The  reverse  action  will  take  jilace  when  switch  /''  is 
closed  down.  Incidentally  it  may  be  mentioned  that  the 
direct  current  through  the  signal  light  and  transformer 
circuit  will  be  pulsating  and  unidirectional,  and  current 
will  flow  only  when  the  positive  transformer  electromo- 
tive force  is  positive  with  regard  to  the  oi)erating  busbars. 
Therefore,  such  current  will  pulsate  directly  at  the  rate 
of  60  per  sec. 

Bi;x  D-vwsox. 

Cedar  Rapids,  Iowa. 

Commutator  Trouble 

I  have  noticed  a  numi)er  of  communications  in  PowKi; 
on  commutator  troubles  and  their  causes,  but  think  some 
of  them  may  have  been  duo  to  the  same  cause  as  some 
troubles  T  have  experienced. 

We  have  three  1 10-kw.,  direct-current  generators,  di- 
rect-connected to  three-cylinder  vertical  gas  engines;  two 
of  these  units  gave  considerable  trouble,  the  commutators 
burning  in  spots  and  the  brushes  sparking.  AH  of  the 
Usual  remedies  were  tried,  but  without  overcoming  the 
troubi<'.     Some  said   the  trouble  was  due  to  soft  sjxits. 


because  the  burning  always  occurred  in  the  same  place; 
others  said  it  was  due  to  the  armature  winding  being 
connected  wrong  because  the  burned  spots  were  at  equal 
distances  around  the  commutator,  but  experts  on  arma- 
ture winding  could  find  nothing  wrong.  The  real  cause 
I  f  the  trouble  proved  to  be  something  entirely  different. 

In  making  repairs  to  one  of  the  engines,  it  was  neces- 
sary to  dismantle  the  engine  and  generator,  and  when 
tliey  were  being  reassembled,  I  took  careful  note  of  every 
l>art  as  it  was  put  in  place,  ^\^len  the  armature  shaft 
was  coupled  to  the  crankshaft,  I  noticed  it  did  not  line 
up  with  the  field  polepieces;  this  set  me  to  thinking.  I 
lound  that  the  other  unit  was  the  same — about  %  in. 
out  of  line.  In  the  third  unit,  which  had  never  given  any 
trouble,  the  armature  and  poles  were  exactly  in  line. 

The  sub-bases  of  these  generators  are  grouted  in  ce- 
ment and  it  would  have  been  difficult  to  move  them ; 
therefore  I  removed  the  field  from  the  sub-base  and  cut 
out  the  bolt-holes  to  allow  bringing  the  poles  in  line 
with  the  armature,  and  we  have  had  no  more  trouble. 

The  engine  cranks  are  set  at  120  deg.,  and  each  of  the 
burned  spots  was  in  the  same  relation  to  each  of  the 
crank]iins.  The  connecting-rods  had  a  tendency  to  hold 
the  crank  in  one  position,  but  the  field  was  creating  a 
magnetic  pull  against  the  connecting-rods  and  caused 
the  brushes  to  spark  at  this  point  on  each  revolution  of 
the  commutator  and  this  continuous  sparking  caused  the 
burned  spots. 

I  find  it  a  good  policy  to  wipe  commutators  off  sev- 
eral times  a  day  with  a  clean  cloth,  and  to  go  over  all 
brushes  quite  often,  seeing  that  they  work  freely  in  the 
holders,  that  the  contact  points  are  free  from  copper,  and 
that  all  other  conditions  are  right. 

II.   H.   Delbeut. 

Titusvillc,  I'cnn. 

Brushes  Boiled  in  Mineral  Oil 

We  have  several  direct-current  generators  and  motors 
and  have  experienced  the  usual  troubles  with  them  ;  one 
25-kw.  machine  in  partii-ular  giving  considerable  trouble 
on  account  of  sparking  and  roughing  the  commutator  on 
heavy  loads.  Consequently,  we  had  to  sandpaper  and 
turn  the  commutator  very  frequently. 

.\bout  a  year  ago  I  read  in  Power  about  boiling  the 
brushes  in  mineral  oil.  At  first  1  hesitated  to  try  it,  as 
I  thought  it  would  gum  up  under  the  brushes;  but  having 
a  spare  set  I  finally  tried  it,  and  found  that  it  worked  to 
]ierfection.  Whereas,  the  brushes  had  previously  been 
emitting  the  usual  destructive  blue  sparks,  this  changed 
to  a  thin  streak  of  a  dull  red  which  followed  around  the 
commutator  a  short  distance  from  the  brush.  After  wip- 
ing oft'  the  commutator  frequently  for  a  day  it  ran  cool 
without  a  spark.  1  now  change  and  boil  the  brushes  every 
two  or  three  months,  and  have  good  commutation  on  this 
machine. 

The  effect  on  the  brush  by  boiling  is  to  soften  it,  and  on 
a  slightly  rough  commutator  the  rough  places  become 
tilled  with  the  carbon  from  the  brushes;  this  carbon  ad- 
heres and  improves  commutation,  thus  preventing  sjiark- 
ing.  Where  there  were  several  bars  blackened  and  rather 
low,  after  a  time  they  became  polished  and  now  as  soon 
as  the  commutator  gets  the  least  bit  rough  I  always  boil 
the  brushes  and  it  effects  a  cure. 

Brockville,  Out.,  Can.  S.  (J.  R  si:. 


452 


P  0  W  E  E 


Vol.  37,  No.  13 


II I, Hill K n I mil iiiiiiiiiiiiiiiii Ill «n «»» < ' ""««"" "'™"™ " "' ""' "' """ ' """""""" ' ""'"" " """" "f 

GAS     POWER     DEPARTMENT  f 

»^iii mm wiiiiiiiiiiiiiiiiiii I nil iiiiiiiiiiiiiiiiiiiiiiiii i nil mi mil nm k niii niiiiiiiiiiiiii niiiiu^ 

exhaust  pipe  per  cubic  foot  of  fuel  supi)lie(l  may  be  cal- 
culated from  the  formulas  herein  given.  These  are  de- 
duced upon  the  hypothesis  that  all  the  carbon  in  the 
fuel  appears  in  the  exhaust-gas  analysis  and  that  none 
other  does.  Contrary  to  this  is  the  fact  that  some  car- 
bon is  left  as  a  deposit  in  the  cylinder,  but  it  is  so  small 
compared  with  the  total  carbon  used  as  to  be  negligible. 
Also,  if  the  lubricating  oil  burns,  it  will  appear  as  COj 
in  the  exhaust,  so  care  should  be  taken  that  this  condi- 
tion does  not  obtain. 

Other  quantities,  useful  for  purposes  of  comparison, 
that  may  be  figured  from  the  analyses  are  the  number 
of  cubic  feet  of  air  consumed  per  cubic  foot  of  fuel  and 
the  "excess  coefficient."  The  latter  is  the  ratio  of  the 
former  quantity  to  that  required  for  c^implcte  theoretical 
combustion. 

Sampling 

If  the  fuel  gas  actually  used  on  the  test  is  analyzed, 
:t  is  best  to  take  a  continuous  sample  covering  the  whole 
time  of  the  test.  This  can  be  done  by  connecting  a 
5-  or  3-gal.  flask  with  rubber  tubing  to  the  gas  main 
and  siphoning  water  from  the  flask  at  a  slow  and  uni- 
form rate,  thus  drawing  in  the  sample.  The  exhaust 
gas  may  be  sampled  the  same  way,  but,  if  preferred,  a 
number  of  samples  covering  equal  lengths  of  time  and 
taken  at  equal  time  intervals  may  be  used  and  the  re- 
sults of  their  separate  analyses  averaged.  A  convenient 
method  is  to  collect  one  sample  while  analyzing  another, 
thus  making  a  continuous  operation.  This  has  the  ad- 
vantage of  showing  the  uniformity  of  combustion  as  the 
test  proceeds.     Snap  samples  should  not  be  taken. 

Duration  of  Test 

This  should  last  several  hours,  preferably,  but,  if  on 
a  small  engine,  a  test  of  only  one  hour  will  give  valid 
results,  if  the  engine  is  previously  run  for  15  or  20  min. 
under  the  conditions  to  be  maintained  during  the  test. 
The  readings  to  be  mentioned  later  should  be  taken  suffi- 
ciently close  together  to  obtain  a  fair  average.  The  u.seful 
horsepower  should  be  maintained  constant  and  other  con- 
ditions kept  as  uniform  as  possible. 

To  show  how  a  heat  balance  is  derived  the  data  from  a 
gas-engine  test  will  be  worked  through  for  the  various 
results.  Table  2  gives  these  data,  and  also  the  nota- 
tion used  in  the  formulas.  The  fuel  used  was  illuminat- 
ing gas  manufactured  in  Syracuse,  an  average  analysis 
(if  which  is  given  in  columns  (1)  and  (2)  of  Table  3. 

Fuel  Consumption 
Since  the  weight  of  fuel  in  1  cu.ft.  varies  with  the 
jiressure  and  temperature,  the  gas-meter  readings  should 
be  referred  to  standard  conditions,  namely,  a  pressure 
of  29.92  in.  of  mercury  and  a  temperature  of  32  deg.  F. 
The  following  formula  may  be  used.  (See  Table  2  for 
notation.) 


Heat  Balance  of  a  Gas   Engine* 

By  Julian  C.  S.mallwooh 

A  complete  economy  test  of  a  gas  engine  should  in- 
clude, besides  the  fuel  consumption,  the  determination 
of  the  various  losses  so'  that  their  distribution  may  be 
studied.  All  of  the  heat  energy  of  the  fuel  supplied 
must  be  accounted  for  in  the  form  of  useful  work  and 
losses.  The  equation  becween  these  quantities  is  called 
the  heat  balance. 

The  losses  involved  in  the  operation  of  a  gas  engine 
are  mechanical  friction,  heat  carried  away  by  the  jacket 
water,  by  the  dry  exhaust  gases  (sensible  heat),  by  steam 
in  the  exhaust,  by  unburned  gas,  and  stray  losses,  sucli 
as  radiation,  etc.  It  is  convenient  and  logical  to  base 
the  calculation  of  these  losses  upon  one  cubic  foot  of 
fuel  gas  under  standard  conditions  of  temperature  and 
pressure.  The  heat  balance  may  then  be  written,  "Heat 
supplied  by  1  cu.ft.  of  gas  equals  the  heat  from  1  cu.ft. 
turned  into  useful  work  plus  the  heat  lost  to  friction, 
etc." 

To  measure  the  useful  work,  friction  and  jacket  losses 
on  this  basis,  it  is  necessary  to  meter  the  fuel  sui'plied 
in  a  given  time.  The  other  quantities  of  the  heat  bal- 
ance require  the  analysis  of  both  the  fuel  and  the  ex- 
haust gases.  Generally,  for  the  fuel  analysis,  a  chemist's 
f.crvices  are  needed.  Strictly  speaking,  a  fair  sample 
<if  the  gas  used  during  the  test  should  be  analyzed,  but 
ivheu  the  fuel  is  such  as  city  illuminating  gas  which 
does  not  vary  much  from  day  to  day,  an  average  an- 
alysis is  fairly  representative  and  may  be  used  without 
much  error. 

table  I.     PRINCIPAL  CONSTITUENTS,  IN  PERCENTAGE   OF   VOI^ 
UME,    OF   GAS-ENGINE    FUELS 
"Low"  means  less  than  one  per  cent. 

Producer  Illuminating        Natural 

Gas  Gas,                   Gas. 

Per  cent.  Per  cent. 

Carbon  monoxide,  CO 


Per  cent. 
low 


12 
2 

low 

low 

low 


95 


Hydrogen,  Hg. 

Methane.  CH, 

Ethylene,  C,H. 

Benzol,  CsH, 

Heavy  hydrocarbons 

Oxygen,  O, 

Sulphuretted  hydrogen,  HjS. 

Sulphur  dioxide,  SOj 

Carbon  dioxide,  CO2 

Nitrogen,  Nj 00  o  .1 

Higher  heating  value,  B.t.u.  per  cu.ft.  150  650  1050 

Table  1  gives  the  average  composition  of  the  principal 
gas-engine  fuels.  The  analysis  of  the  exhaust  gases  may 
be  made  with  an  Orsat  apparatus.  The  chief  con- 
stituents are  CO,,  0,  and  No,  but  an  analysis  for  CO 
should  not  be  omitted.  A  determination  of  Ho  is  de- 
sirable, but  is  not  necessary  if  the  CO  is  less  than  1  per 
cent.,  as  it  is  in  proper  operation.  Since  the  CO  is  the 
U'ast  readily  burned  of  the  gas  constituents,  it  is  a  fair 
assumption  that  the  hydrogen  and  hydrocarbons  are 
completely  burned  if  the  CO  is  nearly  all  burned,  and 
experiment  bears  out  this  assumption. 

Knowing  the  gas  analysis,  the  weight  of  gases  in  the 

♦Copyright,    1913.   by   Julian   C.    Smallwood.    associate   pro- 
lessor    of    experimental    engineering,    Syracuse    University. 
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13,6 


Tf  +  460 


XF 


643 
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The  barometer  reading  may  be  obtained  in  most  case*; 
from  the  nearest  weather  bureau ;  whereas,  P  and  Tf 
necessitate  the  use  of  a  water  manometer  and  a  ther- 
mometer at  the  point  in  the  gas  main  where  the  gas 
meter  is  placed.  For  small  engines,  the  usual  gas  meter 
may  be  used,  or  a  gasometer,  but  for  large  sizes  meters 
of  "the  pitot,  venturi  or  orifice  type  may  be  used.  It  is 
assumed  that  the  reader  is  familiar  with  the  methods  of 
ineasuring  Ijrake  and  indicated  horsepowers.  "When  the 
engine   is   so   large   as   to  be   inconvenient   to  brake,   the 

T.\BLE  2.     DATA   FROM   A  GAS-ENGINE   TEST.   AND   NOTATION 
USED  IN  FORMULAS 

Bhp  =Brake  horsepower  =     -■> 

I. hp.  =  Net  indicated  horsepower  -     •?' 

V  =  Cubic  feet  of  fuel  gas  per  hour  by  meter  -   414 

V  =  Corrected  to  29.92  inches  of  mercury  and  32°  F.  _            _ 
B=  Barometer  reading,  inches  of  mercury  -     _9  o 
P  =  Pressure  of  fuel  gas  above  atmosphere,  at  meter,  mches  of  water       -       4 
F  =Fuel  consumption,  standard  cubic  feet  of  gas  per  b.hp.-hr.  ^ 
Tf=  Temperature  of  fuel  gas  at  meter   deg,  F  -     '* 
ti=Temperature  of  ingoing  jacket  water,  deg    t  -     '" 
Tj  =Temperature  of  outgoing  jacket  water,  dcg.  t.  I   i-n 
Te=Temperature  of  exhaust  gases,  deg.  F.  -    ' i" 
t  =Temperature  of  airnear  engine,  deg   F.  Zi-iin 
Wi  =Weight  of  jacket  water,  pounds  per  hour                             ,  ,,        -'-'" 
Wd=W'eight  of  dry  exhaust  gas  from  the  combustion  of  1  cu.lt  ot  lucl. 

lb.  per  standard  cu.ft.  ,  ,     i    iv, 

Wv=  Weight  of  water  vapor  from  the  combustion  of  1  cu.lt.  ol  lucl,  id. 

per  standard  cu.ft. 
R  =  Ratio  by  volume  of  air  consumed  to  fuel  gas 
.  =  Ratio  required  for  theoretical  combustion 
X  =  Excess  coefficient  .     , 

c,  h,  g=Sums  of  columns  (3K  (4),  (3).  Table  3,  respectively. 

Volumetric  Analysis  of  Exhaust  Cias,  Per  Cents. 

D=  Carbon  dioxide,  CO,  =     9^0 

0=Oxygen,  O,                 I        nS 

M  =  Carbon  monoxide,  CO  „  .   T    ,3 

H  =  Hydrogen,  H,  Not  Anal, zed 

N=  Nitrogen,  N,  -     si.( 

useful  horsepower  may  be  approximated  by  subtracting 
from  the  indicated  horsepower  at  the  running   load  its 
value  when  the  engine  is  running  free. 
Applying  the  data  of  Table  3, 

29.5  +-~. 
y  =  ic,  4  X -— '  X  414  =  :JS.5  rif.ff.  p,-r  hr. 

(;8  +  400 

Fnmi  which  the  fuel  cmisuiiiptidii  per  linike  horse- 
]>(iwer-hou/   is 

/'  =  -—  =  1.1.4  rii.tt. 
•2o 

Heat  Suitlikd 

It  is  preferable  to  use  a  calorimeter  to  determine  the 
V.cat  in  one  cubic  foot  of  the  fuel  gas,  but  if  one  is  not 
;ivailal)le  a  working  value  may  be  olilained  liy  calculation 
from    the   fuel-gas    analysis. 

The  gas-engine  code  of  the  A.  S.  M.  K.  specifies  that 
I  he  "higher"  heat  value  be  used;  that  is,  the  heat  ob- 
Ininable  from  tlie  fuel,  including  the  latent  heat  of  vapor- 

TABLE  i  ANALYSIS  OF  FUEL  GAS  USED  DURING  TEST,  AND 

COMPUTATION  OF  QUANTITIES  USED  IN  FIGURING  RESULTS 

(1)  (2)  (3)  (4)  (5)  (6)  (7) 

Conntitu-  Percent.      Subscript     Subncript    Subscript       Higher         (6)x(2) 

cntsof  by  of  CX(2)    ofHX(2)    of  0X(2)  Heat  Value 

Fuel  Volume  of  (1) 

CO 23  5  23  5  23  5  342  SOS 

H,  3fi  4  72  8  348  127 

,   I'l.  i.5  3  15  3  Bl    2  1065  1(53 

'..:::::     «»       138       27 «  loso      im 

.     ;i;  3  9  23.4  23  4  4000  l.-iii 

...  ":;;:::     i  4  2.8 

111,  4.2        4,2  8.4       —       

\./   ,  8  4        ...  -  ■  ■  ■  ■  ■        

Total..  80.2  183  0  34  7  ,  •  "^^  1     , 

=  (.  =h  =R  higher  heat 

of' fuel 

i/atioii  of  the  water  formed  by  combustion  of  the  hydro- 

;;cn.     Some  autliorities  contend  that  the  lower  heat  value  Jacket  loss  = 

is  more  logical   to  use   in   this  connection  since  the  gas 

engine  cannot  avail  itself  of  this  latent  heat,  but  for  the      't  226  -^  f)4:? 


45.3 


sake  of  uniformity  the  recommendations  of  the  code  will 
be  followed. 

To  calculate  the  higher  heat  value  of  the  fuel,  multiply 
the  higher  heat  value  of  each  of  the  constituent  gases,  in 
B.t.u.  per  standard  cubic  foot,  by  its  volume  percentage, 
as  shown  by  the  fuel-gas  analysis,  and  divide  by  100. 
Add  these  products  together :  the  sum  is  the  heat  value 
of  the  fuel  gas.  In  Talile  3,  Column  (6)  gives  the  heat 
values  of  the  combustible  constituents.  Column  (7)  gives 
the  heat  supplied  by  the  amount  of  each  constituent  in 
1  cu.ft.  of  the  fuel  gas  u.sed  in  Ihe  test  under  considera- 
tion. The  sum  of  these,  or  the  heat  value  of  this  fueU 
is  643  B.t.u.  per  standard  culiic  foot. 

HlCAT   COXVEIiTKn   INTO    UsKFUL  WoRK 

The  heat  equivalent  of  1  b.hp.-hr.  is  2545  B.t.u.  Since 
the  fuel  consumed  to  produce  this  power  is.F  cu.ft., 
the  heat  equivalent  of  tlie  useful  power  per  cu.ft.  of 
fuel  is 

2545 

Applying   the   data   of  the   e.\ani|ilc   this  is 

=  liif)  /I.  ./r. 

15.4 

Dividing  this  by  the  lieat  value  gives 
165 


=  (t.25i;  fir  25.1',  //(•/■  miL 


This    is   the   thernuil    efiiciency. 

Heat  Lost  to  Micchanical   Fiuction 

Friction  liorsepoircr  =  Indicated  linrsepoircr  — 
hraJcc  horscjioirrr 
To    ba.se    this    upon    tiie    beat    of    1    cii.rt.    of    lucl.    a 
formula  derived  the  s-inic  as  the  one  last  given   is  \\s('i\. 


Friction  toys,  B.t.u.  = 


i545  X  friction,  horsepower 


Applying  the  data  of  the  exaiiiiilc  ibis  is 


2545  (30.1 


33. T  n.t.n. 


or  33.1 


385 
G45  =  5.2  ])er  cent. 

Hkat  Ivost  to  .Iacrkt  \Vat:;k 

This  is  the  heat  absurlicd  in  a  given  time  divided  by 
the  fuel  used  in  the  same  time.  Considering  hourly 
quantities. 

v 


docket  tos 


The  weight  Wj  may  i)e  measured  by  a  barrel  or  lank  on 
a  platform  scales.  The  tenii)eratures  should  be  read 
with  two  thcrniometors,  one  in  the  discharge  tank  (pro- 
vided the  piping  is  arranged  to  discharge  willmul  ma- 
terial radiation  loss)  ;  tlie  other  in  a  thermometer  well  in 
the  inlet  pi])e  or  in  a  rece])taclc  drawing  water  from  a 
lap  in  the  main  situated  similarly  to  the  jacket  as  to 
temperature. 

Applying  the  data  nf  the  cNain|ilc,  the 
1210  (133°  —  01°) 


385 

35.2  tier  cent. 


=  226  n.t.u. 


454 
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Loss  OF  Sknsible  Heat  to  Dkt  Exhaust  Gases 

This  deterininatiou  involves  the  measurement  of  the 
Icmperature  rise  of  the  fuel  and  air  mixing  with  it,  anil 
of  the  weight  of  dry  exhaust  gases.  For  the  specifi.- 
heat,  an  average  value,  0.245,  may  be  used  with  sutti- 
eient  aceurney.     Then 

Loss  to  (In/  fj-JifiKst  yus  =  0.-245  x    Jr<i  X  {Te --  t) 

Wd  being  the  weight  per  cubic  foot  of  fuel,  obtained  as 
follows: 

^  f{ll  7>  +  8  0  +  7  {M  +  N)} 
'^  '.)000  (/>  +  3/) 

The  value  r  is  ol>tained  as  shown  liy  Table  ;1.  The 
subscript  of  the  T  in  each  fuel  gas  constituent  shown  in 
Column  (1)  is  multiplied  by  tiie  volume  ])ercentage  of 
tiiat  constituent  as  shown  in  Column  (2).  Column  (3) 
shows  these  products,  the  sum  of  wliii-h  is  the  value  of  r. 

The  weight  forniuhi  is  based  on  the  assumption  tliat 
rlie  hydrogen  and  hydrocarl)ons  are  completely  burned. 
Hydrogen  in  the  exhaust,  not  analyzed  for,  generally  pro- 
duces but  little  effect  on  the  weight  of  the  exhaust  gas 
since  it  is  small  in  volume  -and  density. 

The  temperature  in  the  exhaust  pipe  should  Ite  taken 
liy  a  high-reading  thermometer  (1000  deg.  F.)  inserted 
in  a  well  filled  with  fine,  dry  sand,  located  as  near  the 
engine  as  possible. 

Applying  the  data  of  the  example. 


Wd  = 


80.2  {(11  X  9  +  8  X8.8  -I-  7  (0.5 -|- 81.7)} 

DOW)  (0  -f  O.o) 


=  0.703  lb.  per  ru.ft.  of  fiid 

and  the  loss  to  tiie  dry  exhaust  gas  e<|uals 

0.245  X  0.7113  X    (750  —  70)   =  118  B.t.u. 
or  118  -H  613  =   18.3  percent. 

Loss   TO   WaTKH    VaPOI!   IX    EXHAIST 

Since  the  higher  heat  value  of  the  gas  is  used,  the 
latent  heat  of  the  water  vapor  should  be  included.  It  is 
then  necessary  to  find  the  total  heat  of  the  steam  in  the 
exhaust  gas  above  the  heat  of  the  liquid  at  room  tem- 
perature. If  the  pressure  of  the  steam  were  known,  its 
total  heat  could  be  found  by  reference  to  the  steam  tables ; 
but  since  the  steam  is  only  a  small  part  of  the  exhaust 
gas,  its  pressure  is  very  much  less  than  that  of  the  mix- 
ture and  is  inconvenient  to  figure.  Professor  Diederichs 
Las  proposed  the  following  expression  for  total  heat  un- 
der these  conditions  which  agrees  substantially  with  the 
curve  furnished  by  Professor  Marks. 
Heat  loss  to  tuatcr  vapor  =  W'v  (1090  +  i).4(j  Te  —  /) 
Wv^  the  weight  of  water  vajxjr  from  1  cu.ft.  of  fuel, 
may  be  figured  from 

/             2  Hi 
W-v  =  0.000251  /A  —J. 1^ 

The  value  h  is  found  the  same  as  c.  as  shown  in  Table 
o.  If  hydrogen  in  the  exhaust  has  not  been  analyzed 
for,  the  term  2  Hr  ^  (P  -\-  M)  may  be  neglected.  The 
formula  ignores  the  small  amount  of  water  vapor  brought 
in  with  the  air  and  with  the  fuel  gas. 

Applying   the   data  of   the   example, 
Wv   =  0.000251  X  185  =  0.0464  lb.  per  cu.ft.  of  fuel 
and 


Lo.v.s-  to  water  vapor  =  0.(U(i  I    (lo!)i»  -|-   0.46  X   750  — 

70)    =  61.3  B.l.u. 
cr  6  1.3  -^  643  =  10  per  cent. 

Heat  Lost  i!Y  UxiuiiXED  Fuel  Gas 

Considering  only  carbon  monoxide  and  hydrogen  in 
the  exhaust,   this  equals 

3.45  c  {M  +  //) 
D  -f  M 

If  liydrogen  lias  not  been  analyzed  I'or,  omit  //  from  this 
expression. 

.Vpiilying  the  ilatii  of  the  ('\iiin])lc. 

,         ,  ,  ,   .     ,       3.45  X  80.2  X  0.5 

Jjis.\  bi    uiihiiriicil  fuel  =  —    — ;r --— 

■^  ■  9-1-  0.5 

=    14.65  /.'././/. 

(U    1  1.65  -^  643   =   2.3  per  cent. 

Heat  Lost  to  P apiatiox.  Etc. 

This  is  found  by  subtracting  from  the  heat  value  of 
the  fuel  the  other  quantities  of  the  heat  balance,  as  just 
found,  or  by  subtracting  from  liio  per  cent,  these  quan- 
tities expressed  in  percentages.  The  "unaccounted  for" 
heat  includes  that  used  for  |niniping  the  fuel  mixture 
into  the  cylinder  if  the  area  of  the  lower  loop  has  been 
subtracted  from  the  upjx'r  loop  of  the  indicator  diagrams. 
This  quantity  could  ije  separately  accounted  for,  but  it  is 
generally  sufficient  to  include  it  in  the  friction  loss  as  is 
done  when  the  lower  loop  is  altogether  ignored,  or  to 
list  it  under  radiation. 

Applying  the  data  of  the  example, 
7>o.s-.s-   to  radiation,  etc..   =   6 13  —   165   —  33.7  —  226 

—  118  —  61.3  —  14.6  =  21.4  B.t.ii. 
or  21.4  -^  643  =  3.+  jicr  cent. 

Cubic  fret  of  air  /iir  ( iihic  foot  of  gax.  This  nuty  be 
figured   from  tlu'   folhjwing: 


B 


^{ 


D  +  0  +  (kb_  ( M  -I-  H)      li_ 
D  -i-  M  "^ 


4r       } 


if  hydrogi'U   in   the  exhaust   has  not   been  analyzed  for, 
omit  //  from  the  foregoing. 

Applying  the  data  of  the  example, 

_  80.2  ji>  -f-  8.8  -I-  0.5  X  0.5       185  —  2  X  34.7) 
21    I  '.)  -F  0.5  "*"         4  X  80.2        J 

=  8.63  rii.fl. 

Excess  (.'oefficiext 

The  air  required  for  the  com]ilete  theoretical  combus- 
tion must   first  be  figured.     This  is 

2  c  -I-  0. oh  —  g 
'"  "  42 


Applying  the  data  nf  the  example, 
2  X  80.2  -f  0.5  X  185  —  34. 


from  which 


42 


X  =  ^^^^  1.66 
r        5.2 


5.2  cu.ft. 
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I  HEATING     AND     VENTILATION  i 
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Pipe  Sizes  for  Forced   Hot  Water 
Heating 

Bv  W.  L.  DriiAXD 
hi  the  design  of  forced  hot-water  systems,  the  most 
coiiiiiioD  method  of  determining  pipe  sizes  is  on  the  hasis 
of  some  allowable  velocity.  A  20-deg.  F.  drop  in  the 
radiator  is  assumed  and  the  total  heat  required  divided 
by  20  will  give  the  pounds  of  water  required.  Water  at 
180  deg.  F.  weighs  60.5  lb.  per  cu.ft.  Hence,  the  pounds 
of  water  required  divided  by  this  figure  will  give  the  cubic 
feet  per  hour.  This  divided  by  the  velocity  will  give  the 
cross-sectional  area  of  the  pi]ie.     Thus 

Ponnd,s  of  wafer  per  liouv 


60.5  X  3G00  X  aUuwablc  vel.  in  ft.  per  xer 
This  velocity  is  ordinarily  made  from 
sec.  to  8  or  10,  the  smaller  values  beino 


=  a  reel  nf  pipe 

'i  or  13  ft.  pel- 
used  for  branch 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiniiiiiittiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiniuiiiiiiiiiiiiiiiii^ 

\\  hat  would  appear  to  be  a  more  logical  method  of  de- 
termining pipe  sizes  would  be  to  fix  the  total  friction 
head  per  100  ft.  and  from  the  total  length  of  the  system 
determine  the  allowable  friction  head  per  100  ft.  If  a 
radiation  table  is  compiled  between  the  size  of  pipe  and 
friction  head,  it  would  be  a  simple  matter  through  its  use 
to  determine  the  pipe  sizes  for  any  system.  Then,  the 
final  result  would  be  a  definite  friction  head  and  a  con- 
stant drop  throughout  the  whole  system  and  not  a  small 
drop  in  one  part  and  a  large  drop  in  another,  as  with  the 
method  outlined  above. 

The  accompanying  table  gives  the  velocity  per  second, 
the  cubic  feet  of  water  per  minute  and  the  radiation  ba.^ed 
on  ITO  B.t.u.  per  sq.ft.  per  hr.  and  a  20-deg.  F.  drop  for 
]iipes  from  1  to  10  in.  and  friction  heads  per  100  ft.  fnmi 
1  to  •")  ft.  This  table  could  be  extended  if  the  conditions 
required:  but  it  will  be  fotmd  to  cover  a  large  part  of 
forced  hot-water  work. 


VELOCITY  AND  VOLUME  OF  WATER  AND  RADIATION  FOR 
Frict 


1 
1.21 
0.436 
186 
1.50 
0.936 
400 
1.60 
1.35 
575 
1.90 
2.81 
1200 
2  14 


2  44 

7  51 
3210 

2.67 
11  0 
47W) 

2,89 
15  3 
6.M0 

3.08 
20.4 
8700 

3 .  .30 
27  5 
11,750 

3.75 
45  1 
in.3(KI 

4  10 
lili  2 
2H,2(X) 

4  .38 
91.5 
39,000 


1} 
1  3fi 

0  490 
210 
1.68 

1  05 
450 

1  SO 
1.52 
650 
2.13 

3  15 
1350 

2  40 

4  80 
2050 

2  75 
8.47 

3620 

3  00 
12  4 
5300 

3.25 
17.2 
7350 

3.47 
23.1 
9900 

3.72 
31  0 
13.2,i0 

4  22 
.50.8 
21.7(X) 

4  61 
74  5 
31,800 
4  92 
103 
44,(K)<) 
68 


I  Head  per 

15 

1.50 

0  540 

230 

1.85 

1.15 

490 

2.00 

1.69 

720 

2  35 


2260 
3.02 
9.30 

3980 
3.31 

13.6 

5800 
3. .58 

19.0 

8100 
3.80 

25.2 

10.800 

4  10 
34.2 

14,600 
4.67 

.56  2 

24,000 
5.08 

82.0 

35,000 

5  43 
113 

48,300 

6  25 


DIFFERENT  FRICTION  HEADS 
100  Ft.  Length  of  Pipe  in  Feet 


187 


2.14 

1  33 
570 

2  31 

1  95 
830 

2  73 


3. OS 

6  16 
2630 

3. 53 

10  9 
4650 

3.86 
15  9 
6800 

4.18 
22.2 
9500 

4  42 
29  4 
12,600 

4  80 
40  0 
17.100 

5  40 
65  n 
27,800 

5  90 
95  3 
40.700 

6  35 
1.33 

.57.(KH) 

7  25 
238 

101. .■yKI 


1  96 
0.695 
297 
2,41 

1  .50 
640 
2.61 

2  21 
945 

3,ns 

4  56 

1950 
3.4S 
6  -  9li 

2980 

3  98 
12  3 
52.50 

4  33 
17  8 
760U 

4  7(1 


19.20(1 
6,  10 

73  5 

31.400 
6  65 


li3.7(HI 
8  20 
270 
ll.5.2(K) 


332 

2  65 


1040 

3  40 
5  03 

21.50 
3.81 
7  62 

3260 

4  40 
13  5 
5760 

4.80 
19  8 
84.50 


5  93 
49  4 
21,1(10 

6 . 7(1 
80 . 6 

34,.';oo 

7  30 
118 
5(1..50(1 
7  85 
164 
70.0(KI 
9  00 
296 
126,000 


3J 

2  34 
0  841 
360 


3.69 
5.46 
2330 

4  15 
8  30 

3540 
4 .  76 
14.7 
6270 

5  20 


5.96 
39  6 
16,900 

6  45 
.53  7 
23,(KX) 

7  25 
87 . 3 
37,200 


9  75 
320 
137,000 


2.51 
0.904 
386 
3  09 
1.93J 
825 
3.34 
2.82 
1200 
3.93 


4  45 
8  90 
3800 


10 


6700 

5  .50 
23  0 
9800 

6  00 
31  8 
13,600 

6  40 
42  5 
18,1,50 

6  90 


.58.200 
9  15 


4  J 

2.68 
0.965 
412 
3.29 
2  05 
875 
3.58 
3.03 

1300 
4.20 
6.22 

2660 

4  73 
9  46 

4950 
5.40 
16.6 
71(X) 

5  90 
24  4 
10,400 

«.40 
.33.9 
14,500 

0  80 
45  2 
19,300 

7.35 
61.1 
26,100 

8.30 
100 
42,700 

9  00 
145 
(i2,00() 


II  I 
3(>5 
156,0(X) 


2.83 
1.02 
435 
3.47 
2.16 
920 
3.76 
3.18 

1360 
4.44 
6. 57 

2810 
5  (X) 

10  00 

4270 

5  72 
17  6 
7500 

6  25 
25.8 
11,000 

6.75 
35  8 
15,600 

7  20 
48  0 
20,500 

7.75 
64.5 


45,(KHI 
9  .50 
153 
65,.5(X) 
10  4 


connections  and  risers  where  they  serve  to  compensate  tin? 
ra]iid  increase  in  frictional  resistance  with  decrea.se  in 
diameter  of  pipe.  Then  the  friction  head  is  computed  on 
the  basis  of  the  layout  determined  iiy  the  above  method, 
and.  if  it  falls  within  the  limits  .«et,  well  and  good.  If 
not.  it  is  necessary  to  u.se  some  other  velocity  and  recom- 
pute the  pipe  sizes. 

This  method  is  long  and  does  not  give  results  in  kee])- 
ing  with  good  engineering  and,  due  to  the  rai)id  change 
in  friction  with  varying  pipe  sizes,  does  not  give  a  bal- 
anced svstem. 


The  writer  lias  not  as  yet  in  operation  a  forced  hot- 
water  system  based  on  the  above  tai)le.  a.s  it  was  only  re- 
cently worked  U])  as  a  possible  im))rovement  over  the  usual 
method.  Any  crilieisiii  of  this  method  would  be  gladly 
welcomed. 

A   Mixed  Heating  System 

llv  KmvAiM)  T.  BiNNs 
Some  changes  teiuling  toward  economy  in  the  heating 
and  power  |)lant  of  a  large  philanthropie  institution  may 
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prove  of  interest.  The  plant  was  out  of  repair  and  much 
loss  had  been  occasioned  by  the  violation  of  certain  basic 
rules  at  the  time  of  installation. 

One  large  administration  building  and  a  number  of 
smaller  buildings  are  heated  and  lighted  from  a  central 
power  plant.  In  the  main  Imilding  the  indirect  system  of 
heating  is  employed  for  the  three  upper  floors.  An  en- 
gine-driven fan,  31/2x7  ft.,  delivers  fresh  air  over  some 
8000  ft.  of  1-in.  pipe.  These  coils  are  heated  jointly  by 
the  exhaust  from  the  fan  engine  and  a  branch  from  the 
exhaust  line  which  extends  to  all  parts  of  the  system.  Two 
other  houses  are  heated  by  indirect  radiation,  having  en- 
gine-driven fans  of  proportionate  size.  Four  other  houses 
are  heated  directly  and  have  radiators  throughout.  One 
vacuum  pump  must  handle  the  water  of  condensation 
from  all.  The  return  ends  of  the  radiators  in  two  of  the 
cottages  are  equipped  with  thermostatic  traps.  Xone  of 
the  drain  lines  from  the  fan  coils  were  trapped,  one  be- 
ing 2  in.  in  diameter  and  two  I'/i  in.  There  were  no 
traps  on  about  3.5  radiators  in  the  main  building  and 
power  house. 

All  returns  from  trapped  aryl  untrapped  units  were 
run  to  the  vacuum  pump  by  way  of  a  common  return 
line.  As  a  result  of  this  combination  no  end  of  trouble 
was  experienced.    Nothing  could  prevent  steam  from  com- 


\lndirecfSysfem, 


I  Traps  placed  here 


Radiators  Untrapped 


Indirect  l     t--,-. 


Radiators 
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ing  back  through  the  return  line  to  the  pump  and  de- 
stroying the  vacuum.  Besides,  the  various  lines  and  heat- 
ing units,  being  but  poorly  drained,  gave  continual  trouble 
from  leakage.  Much  trouble  was  also  experienced  from 
coils  and  radiators  being  short-circuited. 

As  an  only  recourse  for  producing  vacuum  sufficient  to 
keep  the  system  water  free,  the  cold-water  spray  valve  at 
the  pump  had  been  perpetually  kept  open.  As  the  vac- 
uum pump  discharged  into  an  open  feed-water  heater,  this 
caused  it  to  overflow  constantly  and  waste  a  great  deal  of 
hot  water  during  the  sea.«on. 

To  relieve  the  trouble,  nonvapor  traps  were  installed  at 
the  points  where  the  open  steam  lines  which  drained  the 
banks  of  coils  entered  the  common  return.  A  trap  of  the 
thermostatic  type  was  selected,  and  in  %-in.  sizes.  Water, 
but  no  steam,  was  conveyed  to  the  return  line,  and  the 
pump  worked  successfully.  Radiators  and  coils  were  kept 
more  free  of  water  by  the  maintenance  of  a  better  vacuum, 
and  the  firemen  had  no  more  trouble  in  keeping  up  steam. 

Another  source  of  waste  was  the  carrying  of  an  uncer- 
tain and  often  excessive  pressure  in  the  exhaust  line,  and 


besides  the  waste  from  too  much  back  pressure  upon  the 
engines,  a  considerable  amount  of  steam  and  hot  water 
was  often  ejected  from  the  vent  pipe  of  the  feed-water 
heater.  It  might  be  mentioned  that  there  was  no  feed- 
water  thermometer,  and  that  the  back-pressure  gage  was 
not  working.  These  two  valuable  adjuncts  were  speedily 
fitted  up.  Exhaust  steam  filled  but  a  fractional  part  of 
the  requirements,  and  it  was  necessary  to  use  considerable 
live  steam  admitted  through  a  reducing  valve. 

By  replacing  leaky  blowofEs,  broken  globe-valve  seats, 
worn  and  broken  piston  rings,  etc.,  both  the  saving  and 
satisfaction  promise  to  be  of  substantial  character. 


Pressure  Losses  in  Piping  System* 

The  losses  in  the  piping  system  are  made  up  of  two 
parts,  the  dynamic  losses  and  the  friction  losses.  The 
dynamic  losses  are  due  to  changes  either  in  the  direc- 
tion or  velocity  of  the  air  flow  and  are  composed  of  the 
loss  of  entrance  and  of  the  loss  in  elbows  and  connec- 
tions. The  first  is  the  pressure  required  to  produce 
velocity  itself  in  the  pipe  and  may  vary  anywhere  from 
1  to  1.5  times  the  velocity  head,  i.e.,  the  pressure  corre- 
sponding to  the  velocity,  depending  on  whether  the  pipe 
is  connected  directly  to  the  fan  outlet  or  through  the 
plenum  chamber.  It  is  expressed  as  a  multiple  of  the 
pressure  corresponding  to  the  average  velocity  produced 
in  the  pipe.  Where  the  velocity  in  the  pipe  is  the  same 
as  at  the  fan  outlet,  this  may  still  be  considered  a  loss, 
in  view  of  the  fact  that  with  a  reduction  of  velocity 
through  a  gradually  diverging  outlet  to  a  larger  area, 
the  difference  between  the  velocity  head  at  the  fan  and 
the  velocity  head  in  the  pipe  is  largely  utilized  by  con- 
version to  static  pressure. 

The  other  chief  source  of  dynamic  loss  is  in  the  elbows 
and  depends  on  the  radius  of  curvature  of  the  elbow  and 
not  on  the  size  of  the  elbow  or  the  velocity  of  the  air. 
This  loss  may  be  expressed  directly  in  per  cent,  of  the 
velocity  head,  and,  with  a  round,  five-piece  elbow,  having 
a  center  line  radius  of  one  diameter,  the  loss  will  be  25 
per  cent,  of  the  average  velocity  head.  With  a  five-piece 
elbow,  having  a  center  line  radius  of  li/^  diameters,  the 
loss  will  be  17  per  cent.,  or  only  two-thirds  that  of 
the  first  one. 

The  second  .source  of  pressure  loss  in  the  piping  sys- 
tem is  due  to  the  friction  of  the  air  against  the  sides 
of  the  pipe.  This  loss  will  vary  directly  as  the  length 
of  the  pipe,  or  as  the  square  of  the  velocity,  and  in- 
versely as  the  diameter  of  the  pipe.  As  the  length  is  a 
fixed  quantity  for  any  system,  the  only  factors  subject  to 
modification  are  the  diameter  and  the  velocity,  which  de- 
termine the  relation  between  the  power  cost  and  the  pip-l 
ing  cost. 

As  in  the  case  with  the  heaters,  it  is  the  usual  engi 
neering  practice  to  proportion  the  piping  arbitrarily 
either  from  assumed  velocities  depending  on  the  veloc 
ity  of  the  air  at  the  fan  outlet,  or,  in  better  engineer 
ing  practice,  by  determining  the  velocity  which  will  give 
an  assumed  resistance  considered  suitable  and  within  the 
fan  capacity.  It  is  the  usual  practice  among  fan  manu- 
facturers gradually  to  increase  the  velocity  of  the  air  ir 


•Latter  part  of  paper  on  "Operating  Cost  of  Indirect  Heat' 
ing  Systems,"  by  Frank  L.  Busey  and  V\'illis  H.  Carrier,  reac 
before  tlie  American  Society  of  Heating:  and  Ventilating  En 
gineers.      First  part   of  paper  appeared  Mar.   IS.   1913. 
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the  main  oouduit,  as  the  latter  is  decreased  in  size,  owing 
to  partial  delivery  of  the  air  through  hrauch  outlets. 

From  the  accompanying  diagram,  the  sizes  of  the 
branches  or  reduced  piping  may  be  proportioned  directly 
from  the  assumed  size  of  the  main  pipe. 

For  example,  assume  a  branch,  intended  to  carry  50 
per  cent,  of  the  capacity  of  the  main  pipe,  which  is  50 
in.  in  diameter.  Starting  at  the  bottom  of  the  chart 
with  50  per  cent,  capacity,  pass  upward  until  line  A  is 
intersected ;  thence,  horizontally,  to  the  diagonal  line 
marked  50,  and  upward  to  the  scale  at  the  top  of  the 
•chart,  which  gives  a  diameter  of  38  in.  for  the  branch 

Pipe  Diameter  in  Inches 
?0  50  40  50  60  70  80 


u.       1.0    0.9   08    0,7    0.6    Q5     0.4   0.3    01    01      0  

Ratio  of  Branch  Capacity  to  Main  Capacity 

''''liOPOIiTIOKIXG     PiPIXG    TO     AlLOW     FOR     FltlCTION 

pipe.  This  is  so  proportioned  as  to  give  the  same  fric- 
tion per  foot  of  length  as  in  the  main  pipe.  This  per- 
mits the  resistance  of  the  entire  sy.stem  to  be  calculated 
as  though  it  was  of  one  diameter,  with  a  corresponding 
velocity  throughout  its  entire  length. 

Velocity  for  M.xximuji  Ecoxomy 
A  decrease  in  velocity  increases  the  size  and  cost  of  the 
air  conduit,  but  decreases  the  cost  of  power  consumed 
in  overcoming  the  conduit  or  piping  resistance.  From  a 
jKiint  of  economy,  the  question  to  be  determined  is,  what 
relation  between  power  cost  and  conduit  cost,  as  deter- 
mined by  the  velocity,  will  give  the  mininunn  annual 
total  cost.  This  relationship  is  shown  in  the  appendi.x  lo 
be 


Vo 

I'm  =  0 


=  0.335 


(-'wo\ 
Wo) 


Cpo 


C-i) 


Where  Cpo  and  C^,,,  rejiresent,  respectively,  the  cost  of 
power  to  overcome  pi])ing  resistance  and  the  annual  al- 
lowance on  the  co.st  of  the  piping  for  interest  and  de- 
preciation at  an  assumed  velocity  V oi  an'l  ^^m  '^  ''"' 
relative  velocity  required  for  maximum  economy. 

r'om]iaring  these  relationships  with  those  obtained  fur 
the  heater,  it  is  evident  that  they  are  almost  identical. 
Tt  may  be  seen,  in  this  case,  that,  for  the  maximum 
economy,  tlie  annual  cost  of  power  consumed  for  pijiing 
resistance  should  be  practically  one-third  of  llir  niinuid 
interest  and  depreciation  charges.  l)ased  on  llie  initial 
co.st  of  piping. 

pR.\rTI(AI,   Al'I'I.If  ATIOVS 

For  the  purpose  of  illu.strating  the  apiilication  of  the 
foregoing  principles  to  a  system  of  galvanized-iron  pip- 
ing,   different    cases    will    be    assumed    and    the    results 


shown.  A  system  handling  30,000  cu.ft.  per  min.  at  a 
velocity  of  1950  ft.  j^er  min.  will  require  a  pipe  53  in.  in 
diameter  or  an  area  of  15.32  sq.ft.  These  quantities  will 
be  taken  as  a  constant  condition,  but  different  arrange- 
ments considered  in  the  system  of  piping. 

Assuming  one  straight  duct,  200  ft.  long  and  53  in. 
in  diameter,  delivering  all  of  the  air  at  the  end  farthest 
from  the  fan,  there  will  be  two  sources  of  loss  to  be  over- 
come by  the  fan.  First,  the  dynamic  loss  due  to  the 
velocity  of  1950  ft.  per  min.  (or  one  velocity  head),  and 
second,  the  loss  due  to  friction,  amounting  to  one  veloc- 
ity head  in  each  forty  diameters  of  length.  The  pres- 
sure due  to  the  velocity  of  1950  ft.  per  min.  in  the  pipe, 
will  be  0.237  in.  water  gage.  The  loss  of  pressure  due 
to  friction  will  be 

^  ^^  -^  ^(j  =  113  relocity  head 

This  loss  expressed  in  inches  of  water  will  be 

0.237  X  1-13  =  0.257  in. 
and  the  total  loss  will  be  the  sum  of  these  two,  or  0.494 
in.  In  the  piping  system,  a  part  of  the  velocity  is  con- 
verted to  static  pressure,  hence  the  power  calculation 
should  be  based  on  total  pressures  with  a  corresponding 
fan  efficiency  of  50  per  cent.  At  a  rate  of  $20  per  hp.-yr., 
the  annual  cost  due  to  the  piping  resistance  will  be 
Cpo  =  30,000  X  0.000324  X  0.494  X  20  =  $96 

A  round,  galvanized-iron  pipe,  53  in.  in  diameter, 
would  be  made  of  Xo.  18  iron,  weighing  2.3  lb.  per  sq.ft., 
and  would  contain  15.2  sq.ft.  per  running  foot.  This 
would  make  32.7  lb.  per  running  foot,  or  a  total  of  6540 
lb.  for  the  entire  pipe.  Allowing  25  per  cent,  annually 
for  interest  and  depreciation  on  an  initial  cost  of,  say, 
10c.  per  lb.,  the  yearlj-  allowance  would  be  2.5c.  per  lb. 
of  iron.  Then,  the  yearly  allowance  for  interest  and  de- 
preciation would  lie 

C^.p    =  6540  X  0.025  =  $163.50 

From   equation    (2)    it   may  be   determined    that    for 

the  most  economical   conditions   the   velocity  of  the  air 

in  the  pipe  should  be 

'U;3.5\! 
=  1620  //.  per  nun. 

Assuming  the  case  where  the  30,000  cu.ft.  per  min.  is 
to  be  uniformly  distributed  through  a  galvanized-iron 
pipe  200  ft.  long,  with  equal  openings  every  20  ft.  of 
its  length,  each  discharging  3000  cu.ft.  per  min.,  w'ill 
give  an  example  of  another  common  form  of  installa- 
tion. Referring  to  the  chart,  it  may  be  seen  that,  if  the 
tirst  20  ft.  of  pipe  is  53  in.  in  diameter,  the  next  20 
ft.,  carrying  90  per  cent,  of  the  air,  should  be  51  in.  in 
diameter.  Treating  each  successive  section  in  the  same 
manner,  its  diameter  and  weight  may  be  determined  and 
the  total  weight  of  the  piping  found  to  be  3922  lb.  Then, 
the  yearly  total  allowance  for  interest  and  depreciation 
on  the  piping  system  will  be 

C^o    =   3922   X   •>.025  =  $9S.(I5 

The  loss  in  pressure  due  to  friition  will  be  the  same  as 
in  the  first  case  considered,  or  0.257  in.,  but  the  loss  due 
to  the  velocity  will  be  only  about  to  per  cent,  of  the 
loss,  as  calculated  in  the  first  e.\aini)le.  or  0.095  in.  The 
total   pressure   loss  will   then   be 

0.257  +  0.095   =  0.352  in. 
and  the  annual  power  co.?t  at  $20  per  hp.-yr.  will  be 

C'pg  =  30,000  X  0.000324  X  0.352  X  20  =  $68.50 


=  0.7  X  19.5n 
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The  velocity  for  the  most  economical  operation  will  be 
Vm  =  0.7  X  1950  (l^A    =  1540  yy.  per  min. 

Another  example  of  the  application  of  the  relationship 
herein  presented  wonld  be  to  assume  a  case  of  an  entire 
installation  of  fan,  heater  and  piping.  A  fair  annual 
allowance  on  the  entire  apparatus  for  interest  and  de- 
preciation wonld  be  30  per  cent,  on  the  first  cost  of  the 
installation.  Assuming  that,  in  order  to  obtain  the  most 
economical  operation,  the  yearly  cost  of  power  should  be 
30  per  cent,  of  the  above  20  per  cent,  allowance,  makes 
the  yearly  power  cost  equal  to  6  per  cent,  on  the  initial 
cost  of  the  installation.  Allowing  $20  per  hp.-yr.  as  the 
cost  of  power,!  with  a  25  per  cent,  allowance  in  the  cost 
of  the  heater  for  interest  and  depreciation,  the  velocity 
through  the  heater  should  be  approximately  590  ft.  per 
min.  in  order  to  operate  at  the  point  of  greatest  economy. 

For  the  same  assumed  conditions  as  to  air  handled, 
the  resistance  through  the  heater  will  now  be  0.145  in.. 
and  at  the  most  economical  velocity  through  the  piping 
system,  the  pressure  loss  will  be  0.31  in.,  making  a  total 
pressure  at  the  fan  of 

0.145  +  0.31  =  0.455  in.,  or  0.254  oz. 
The  total  annual  cost  of  power  will  then  be  Cp  =  $98 
instead  of  $212.50  under  the  first  assumed  conditions 
when  using  one  straight  run  of  pipe  200  ft.  long.  This 
would  show  a  saving  of  $114.50.  The  total  cost  of  the 
apparatus,  as  at  first  assumed,  would  be  approximately 
$1331,  so  that  the  power  cost  of  $212.50  would  amount 
to  16  per  cent,  on  the  initial  cost  of  the  apparatus. 

The  total  cost  of  the  apparatus,  as  revised  to  meet  the 
more  economical  conditions,  would  be  $1660,  or  an  in- 
crease of  $329.  The  yearly  cost  of  power  would  be  5.9 
per  cent,  on  the  initial  cost  and  there  would  be  an  al- 
lowance of  19.7  per  cent,  for  interest  and  depreciation  on 
the  entire  installation.  The  saving  of  $114.50  would 
make  a  return  of  35  per  cent,  on  the  additional  invest- 
ment. 


sec.  The  following  is  a  list  of  pipe  sizes  ftith  the  friction 
liead  per  100  ft.  of  pipe,  with  the  water  flowing  at  the 
rate  of  10  ft.  per  sec.  This  shows  the  large  friction  head 
that  would  result  if  this  practice  were  followed.  As  a 
matter  of  fact,  the  best  practice  does  not  exceed  4  ft. 
per  sec.  in  the  smaller  sizes  of  pipe : 

Size  of  Pipe,  in.  Head  in  Ft. 


Another  point  which  is  overlooked  by  a  good  many 
engineers  in  laying  out  liot-water  work,  and  which  is  the 
case  in  the  article  under  discussion,  is  that  in  order  to 
equalize  the  system,  the  water  in  the  supply  and  return 
pipes  should  flow  in  the  same  direction.  If  laid  out  this 
way.  the  difference  in  head  is  practically  the  same  be- 
tween the  supply  and  return  end  of  each  loop.      If  laid 
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Circulation   through  Shunted  Hot 
Water  Radiators 

On  page  58  of  the  Feb.  4  issue  of  Power,  Mr.  Brew- 
ster's explanation  to  the  effect  that  the  circulation  is 
due  to  the  cooling  of  the  water  in  the  radiator  producing 
a  ditferenee  of  static  head  between  the  flow  and  return 
connections  is  entirely  wrong.  This  would  only  be  pos- 
sible if  the  flow-supply  connection  was  covered  up  to  the 
point  where  it  enters  the  radiator,  which  is  not  the  case 
in  practice.  As  a  matter  of  fact,  the  flow  connection  would 
cool  along  with  the  radiator  and  there  would  be  no  flow 
at  all  if  the  radiator  were  connected  to  a  tank  as  de- 
scribed. ^^^len  the  system  is  first  started  up  and  the 
radiator  and  both  connections  are  full  of  water  at  room 
temperature,  what  is  going  to  cause  the  water  to  start 
circulating  if  the  circulation  is  due  to  a  "thermo-siphon" 
action  ? 

Mr.  Brewster  also  states  that  the  pipes  should  be  so 
proportioned  that  the  flow  does  not  exceed  10  ft.   per 

iSee  curve  B,  Fig.  2,  page  381,  Mar.  18  issue  of  "Power." 


out  with  the  flow  in  the  opposite  direction,  the  difference 
in  pressure  between  the  supply  end  of  the  first  loop  and 
the  return  end  may  be  several  pounds,  while  that  be- 
tween the  supply  and  return  ends  of  the  last  loop  is  only 
a  few  ounces.  The  illustration  shows  what  is  probably 
the  best  method  of  laying  out  the  loop  system,  such  as 
described  by  Mr.  Brewster. 

The  reason  for  the  circulation  of  the  water  throughout 
the  risers  and  loops  in  this  system  is  the  same  as  for  any 
other  hot-water  system,  the  difference  in  density  between 
the  water  in  the  supply  and  the  return  risers.  The  cir- 
culation in  the  radiators  is  due  to  the  difference  in  pres- 
sure or  head  between  the  supply  and  return  end  of  the 
radiator,  due  to  the  friction  loss  in  the  main  pipe  or  loop 
between  these  points.  This  applies  equally  well  to  either 
a  gravity  or  forced  system. 

W.  L.  DURAND. 

Brooklyn,  X.  Y. 


The  Hamburgr-American  Liner  "Europa."  sister  ship  of  the 
"Imperator."  is  to  be  launched  on  Apr.  3,  according  to  recent 
press  dispatches.  The  "Europa"  is  ;I50  ft.  long  and  has  a 
beam  of  100  ft. 
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Sleeping  While    on   Duty 

lu  this  issue,  page  Hil,  a  coiitrilnttor  tells  of  a  night 
eugiueer  who  after  heavily  covering  the  furnace  fire  and 
adjusting  the  voltage  and  city  water  supply  to  the  feed- 
water  heater,  would  "turn  in"  for  a  few  hours,  leaving 
the  plant  in  care  of  a  street  watchman,  who  caine  in 
hourly,  if  he  was  not  delayed. 

Those  who  have  worked  the  night  watches  know  how 
hard  it  is  to  resist  the  desire  to  sleep  which  is  likely  to 
come  over  one,  esi)ecially  between  two  and  three-thirty  in 
the  morning.  Some  know,  too,  that  it  is  an  unforgivable 
offense  for  any  member  of  the  night  crew  to  select  a 
corner  and  sleep  without  first  informing  the  man  on  watch 
of  the  particular  corner  selected.  This  is  necessary  to 
])revent  delay  in  finding  assistance  should  any  be  needed. 

The  above  is  typical  of  some  men  and  plants.  Needless 
to  say  it  is  wrong  and  the  penalty  should  be  immediate 
dismissal.  There  may  be  times  when  the  offense  is  ex- 
cusable, l)ut  such  occasions  are  rare  and,  furthermore,  the 
management  should  be  such  that  it  is  never  exc-usable. 

It  is  such  conditions  as  herein  mentioned  that  make 
boiler  and  license  legislation  imperative. 


Ammonia  for  Hot  Bearings 

Undoubtedly  the  discussion  brought  out  by  the  letter 
in  the  Feb.  18  issue,  page  334,  on  liquid  ammonia  for 
cooling  hot  bearings,  will  ])rove  interesting. 

The  rapidity  with  which  liqviid  ammonia  absorbs  heat 
while  evaporating  commends  it  for  cooling  hot  bearings. 
But  there  is  a  possibility  of  cooling  bearings  and  jour- 
nals too  quickly  by  its  use,  although  as  that  depends  upon 
the  strength  of  the  solution  it  should  be  possible  to  easily 
control  the  rapidity  of  the  cooling  process. 

It  should  be  remembered  that  rapid  cooling  of  a  bear- 
ing is  only  necessary  until  the  temperature  has  been  re- 
duced below  that  at  which  the  metal  tends  to  become 
pla.stic.  Tiic  aim  is  to  prevent  it  getting  so  hot  that  the 
babbitt  will  melt  or  the  brasses  become  badly  "burred" 
or  roughened  and  so  accelerate  the  temperature  rise  due  to 
increased  friction. 

Ammonia  is  dangerous  and  unpleasant  to  handle  and 
for  that  reason  it  may  never,  among  many  engineers,  be- 
come a  j)o])ular  means  for  cooling  hot  bearings.  How- 
ever, wlicn  an  engine  simply  must  be  kept  running,  even 
though  it  develops  a  hot  bearing,  whiih  all  ordinary 
remedies  fail  to  cool,  an  engineer  would  gladly  use  liquid 
ammonia,  if  he  knew  before  liand  that  more  serious 
trouble  than  a  hot  bearing  would  not  develop  as  a  re- 
sult of  using  the  ammonia. 

The  practice  of  using  a  paste  composed  of  white  lead, 
engine  oil,  graphite  and  ammonia  to  "wear  down"  a 
chronically  hot  bearing  or  pin  is  not  uncommon  when 
the  bearing  and  rotating  surfaces  become  hot  because  of 
abrasions  on  their  .surfaces.  This  paste  is  so  cfTectivc, 
even  when  the  ammonia  content  is  small,  that  it  ought  to 


cool  extremel}'  hot  bearings  if  the  proportion  of  am- 
monia contained  is  increased. 

Before  applying  liquid  ammonia  to  a  hot  bearing  one 
would  like  to  know  how  strong  a  solution  is  best  to  use; 
if  the  bearings  were  of  brass  or  bronze  would  the  am- 
monia seriously  corrode  them?  If  so,  what  could  be 
mixed  with  the  liquid  to  offset  corrosion  but  not  impair 
the  cooling  properties  of  the  ammonia  ? 

We  would  be  pleased  to  publish  letters  stating  the  re- 
sults of  actual  experience  with  liquid  ammonia  as  a 
remedy  for  hot  bearings. 

a 
License  Examinations 

Quite  frequently  we  receive  letters  inclosing  lists  of 
examination  questions  that  have  been  asked  applicants  for 
engineers'  licenses.  In  some  instances  the  correspondents 
indicate  a  belief  that  if  they  could  answer  these  particular 
questions  they  would  have  good  chances  of  passing. 

The  purjiose  of  holding  examinations  is  to  obtain  evi- 
dence of  the  applicants'  fitness  for  assuming  the  re- 
sponsibilities that  go  with  a  license.  While  sample  ques- 
tions may  be  of  value  in  suggesting  the  breadth  of  in- 
formation and  degree  of  intelligence  covered  by  an  ex- 
amination, an  applicant  is  likely  to  be  disappointed  if  he 
has  persuaded  himself  that  preparation  for  an  examina- 
tion consists  in  simply  uncovering  correct  answers  to 
questions  asked  at  previous  examinations.  The  fifeld  of  in- 
formation in  which  a  licensed  engineer  should  be  well 
qualified  is  so  broad  that  only  lame  or  la:«y  examiners 
would  adhere  to  a  stereotyped  set  of  questions ,  hence 
memorizing  answers  to  old  ones  is  likely  to  be  of  little 
more  benefit  in  preparing  for  an  examination  than  com- 
mitting to  memory  a  table  of  logarithms. 

An  applicant  should  remember  that  the  purpose  of  the 
examination  is  not  to  discover  how  well  ho  can  answer  a 
list  of  questions  pertaining  to  his  work,  but,  rather,  to 
find  out  how  well  he  is  versed  in  a  knowledge  of  his  work ; 
not  how  well  he  can  take  care  of  a  certain  part  of  a 
plant,  but  how  well  he  can  care  for  the  whole  of  it. 

To  many  practical  men,  some  questioTis  asked  by  the 
examiners  seem  foolish  or  irrelevant.  For  example,  "How 
many  cubic  feet  of  steam  at  atmospheric  pressure  weigh 
one  pound?"  Altlioiigh  the  work  of  the  operating  engi- 
neer does  not  com])el  him  to  use  steam  tables  very  often, 
his  answer  to  this  question  immediately  indicates  whether 
or  not  he  knows  of  the  existence  of  such  tables  and  how 
to  use  them.  The  same  applii>s  to  questions  relating  to 
finding  the  strength  of  boiler  joints  or  the  stress  on  flat 
surfaces  supported  by  boiler  stays.  If  the  applicant  can 
figure  sucli  problems,  the  examiner  knows  that  he  is  quite 
familiar  with  boiler  design  and  a  desirable  apjilicant. 

Above  all,  the  applicant  should  remetnber  that  to  get 
his  license  he  must  show  that  be  has  a  good  knowledge 
of  boilers  and  how  to  safely  operate  and  maintain  them. 
The  rest  of  the  plant  equipment  is  secondary  as  far  as 
his  license  is  concerned. 
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Is  It  Worth  While? 

Eoiitiue  work  Ukf  tlif  daily  opuranuii  of  a  Imig-estab- 
lislied  power  plant  tends  to  raise  a  question  iu  the  minds 
of  thoughtful  and  ambitious  engineers  as  to  the  ultimate 
reward  of  faithful  service.  Is  the  game  worth  the  candle 
when  all  its  trying  and  wearisome  tasks  are  considered 
and  balanced  against  the  pecuniary  returns,  present  and 
probable,  and  the  inner  compensation  which  goes  with 
duties  well  done? 

In  every  field  of  human  endeavor  these  times  of  ques- 
tioning and  of  temporary  discouragement  now  and  then 
assail  the  most  enthusiastic  and  energetic  workers.  Those 
on  the  inside  of  every  occupation  know  that  enduring  suc- 
cess can  only  be  secured  by  willingness  to  endure  drudgery 
and  a  lasting  determination  to  make  each  day's  record 
measure  a  little  closer  to  the  highest  standards.  Thousands 
of  men  and  women  are  forced  to  toil  at  tasks  not  of  their 
own  choosing  to  keep  body  and  soul  together ;  but  the  en- 
gineer who  has  the  slightest  interest  in  his  work  and  the 
smallest  natural  aptitude  for  machinery  has  no  excuse 
for  numbering  himself  among  these  unfortmiates. 

The  work  of  the  engineer,  in  this  wonderful  century 
of  power,  covers  so  vast  a  field  and  touches  the  borders 
of  so  many  imsolved  problems  that,  in  a  sense,  the  money 
side  of  these  useful  and  responsible  occupations  stands 
apart  from  their  real  interest.  Happily  the  possibilities 
of  large  financial  rewards  encompass  really  distinctive  and 
pioneer  engineering  work  on  all  sides,  but,  to  the  man 
working  for  small  wages,  who  has  the  imagination  to  see 
it,  the  study  of  his  owti  special  installation  and  the  in- 
terest which  it  yields  to  intelligent  analysis  often  equal 
the  intellectual  satisfactions  of  handling  larger  and  more 
showy  groups  of  equipment.  It  is  not  always  the  biggest 
plant  which  offers  the  greatest  interest  to  the  keen  stu- 
dent of  povrer  economics. 

The  engineer  working  for  small  pay  may  be  inclined 
to  scoff  at  the  idea  that  the  mental  satisfaction  of  dealing 
with  old  mother  nature  at  first  hand  through  steam,  steel 
and  electricity  enhances  the  attractiveness  of  his  occupa- 
tion. With  some  disgust  he  may  make  the  observation 
that  mere  ideas  pay  no  rents  or  grocery  bills.  That  is 
just  where  he  is  wrong.  The-world  is  looking  for  purpose- 
ful thoughts,  pays  cash  for  them  when  they  are  put  in 
the  right  place,  and  only  specifies  that,  if  they  are  to  be 
taken  at  par  value,  ideas  shall  be  capable  of  practical  ap- 
plication along  the  line  of  showing  how  something  may 
be  done  better  than  before. 

Yes,  it  is  worth  while  to  be  an  engineer,  to  put  one's 
best  efforts  into  a  plant  month  after  month,  if  one  learns 
how  to  look  beyond  the  immediate  task  and  catch  its 
larger  significance  in  relation  to  the  great  world  of  ap- 
plied science.  Some  men  never  catch  this  spirit  of  in- 
quiry, never  become  possessed  of  an  insatiable  curiosity 
to  find  out  the  uttermost  possibilities  of  their  equipment 
and  to  run  down  and  pin  to  earth  the  unusual  and  unex- 
plained events  which  crowd  thick  and  fast  upon  every 
keen  seeker  after  the  truth.  The  work  as  a  whole  must 
be  congenial  and  interesting  in  its  possibilities;  if  it  is  not 
so  the  engineer  had  better  be  selling  life  insurance  or 
snipping  off  dress  goods  behind  a  counter,  or  whatever  else 
appeals  to  him  in  a  permanent  way.  But  once  let  this 
fascination  of  machinery  and  power  seize  him,  once  let 
the  possibilities  of  self-improvement  through  spare-hour 
study  and  the  future  possibilities  of  investigation,  and  in- 


\ention  take  hold  of  him — then   there  can  be  but   one 
answer  to  the  question  at  the  head  of  this  page. 

These  are  great  days,  and  great  opportunities  for  rais- 
ing the  efficiency  of  some  detail  of  the  world's  work  are 
at  hand.  For  the  engineer  wdio  can  catch  the  broader  out- 
look and  make  it  grow  by  wider  association  with  his  fel- 
lows, by  determined  and  persistent  reading,  by  seeking 
after  the  hitherto  neglected  or  overlooked  aspects  of  his 
daily  duties,  by  taking  upon  himself  larger  conceptions 
of  practical  life  at  the  throttle  and  indicator,  his  occupa- 
tion must  inevitably  be  worth  wdiile,  for  its  future  only 
awaits  unlocking  by  the  master  key  of  intelligent,  imagina- 
tive and  untiring  personal  industry. 

A  History  of  Technics 

Elsewhere  in  this  issue  will  be  found  an  abstract  of  a 
communication  to  the  American  engineering  societies 
from  Dr.  C.  Matschoss,  of  the  great  German  engineering 
society.  In  it  he  urges  the  cooperation  of  engineers  in  this 
and  other  countries  in  the  preservation  of  records  that 
may  go  to  make  up  a  fitting  history  of  engineering 
achievement,  or,  as  he  terms  it,  a  history  of  teclmics.  As 
he  points  out,  it  is  evidently  because  engineers  have  been 
so  busy  domg  things  that  they  have  had  no  time  to  write 
about  them  from  the  historical  point  of  view.  Now  the 
danger  is  that,  as  these  men  pass  on,  there  will  be  lost 
with  them  the  knowledge  of  the  development  of  their 
inventions  and  many  facts  that  would  be  of  great  im- 
portance to  a  comprehensive  history  of  things  mechanical 
or  technical. 

True,  at  the  time,  there  are  reports  upon  their  work 
given  in  the  form  of  papers  to  the  technical  societies  con- 
cerned with  their  fields  of  activity,  and  the  technical 
jieriodicals  give  accounts  of  their  work,  but  these  soon  be- 
come buried  in  libraries  of  reference  if  not  altogether  lost. 
What  is  needed  is  the  work  of  collating  and  filling  in  the 
history  scattered  through  these  thousands  of  volumes  and 
private  manuscripts  so  that  there  may  be  handed  down 
to  future  generations  a  complete,  coordinated  and  con- 
nected history  that  may  truthfully  show  the  development 
of  the  mechanical  arts  and  industries  and  the  evolution  of 
their  products. 

A  condition  that  is  well  deserving  of  the  thought  of 
engineers  is  that  history  has  so  long  been  considered  a 
story  dealing  with  wars  and  politics.  As  Dr.  Matschoss 
points  out,  there  are  hundreds  of  such  histories  while 
there  are  none  dealing  with  engineering  advance.  This  is 
naturally  the  outcome  of  the  periods  when  conquest  was 
the  paramount  concern  of  nations  and  civilization  was  Ei 
march  of  the  sword.  Present-day  development  has  under- 
gone a  radical  change  even  from  that  intermediate  stage 
when  statesmanship  took  precedence  over  generalship,  for 
now  both  warriors  and  statesmen  have  largely  yielded 
place  to  scientists,  inventors  and  that  great  class  popular- 
ly knowTi  as  captains  of  industry.  They  are  present-day 
makers  of  history  and  their  works  the  salient  factor  in  the 
extension  of  civilization  and  commerce. 

Now  it  remains  for  a  new  set  of  historians  to  come 
forward  and  w'rite  up  that  chapter  in  the  world's  history 
dealing  with  the  events  of  this  age  of  science  and  inven- 
tion ;  in  short,  as  our  German  brother  has  called  it.  the 
History  of  Technics.  Wliere  shall  we  find  a  Herodotus, 
a  Livy,  a  Macaulay  or  a  Bancroft  who  shall  be  to  this 
affe  what  the  older  historians  were  to  their  times? 
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I    READERS     WITH     SOMETHING     TO     SAY    ■ 


Short    Splice    for  Rope  Drive 

The  rope  drive  uuder  my  charge  is  small,  but  it  gets 
hard  service.  A  four-strand  cored  manila  rope,  ly^  in. 
in  diameter,  is  used.  The  pulleys  are  93  ft.,  center  to 
center,  and  the  drive  runs  1600  ft.  per  min.  on  an  angle 
of  45  deg.  A  sliding  idler  pulley  with  weights  takes  up 
the  slack.  This  drive  is  out  of  doors  and  runs  during 
all  kinds  of  weatlier  the  year  roiind.  Although  a  good 
rope  dressing  is  iised,  I  find  that  stone  dust,  which  is  con- 
tinually flying  about,  works  its  way  into  the  strands  and 
gradually  cuts  them.  In  time  the  core  gets  ground  nearly 
to  a  powder,  caused,  I  believe,  by  bending  around  the 
pulleys  and  by  the  strain  due  to  the  weights  on  the  idler. 

A  new  rope  lasts  about  21/2  years,  after  that  the  strands 
begin  to  break  until  the  rope  is  very  hard  to  repair.  A 
splice  generally  runs  from  four  to  six  months  before  giv- 
ing out,  probably  because  the  splice  is  a  little  looser  than 
the  rest  of  the  rope,  which  allows  stone  dust  to  work  in 
and,  the  strand,  getting  the  most  strain,  gives  first.  A 
temporary  fastening  of  the  loose  strand  will  sometimes  al- 
low the  plant  to  continue  running  until  a  rainy  day  or 


One  reason  I  favor  a  short  splice  is  that  it  takes  very 
little  rope,  and  two  or  three  splices  can  be  made  before 
it  is  necessary  to  put  in  a  new  piece,  which  means  a  lot 
when  one  takes  into  consideration  the  time  required  to 
make  a  double  splice  which  is  required  for  the  long  splice. 

I  have  used  the  long  splice,  but  it  did  not  last  as  long 
as  the  short  one  and  takes  as  much  time  to  put  in.  It 
takes  on  the  average  about  two  and  one-half  hours  to 
make  a  splice  with  one  helper.  A  prepared  rope  dress- 
ing is  used  which  is  applied  as  hot  as  can  be  borne  on  the 
hands.  It  is  rubbed  in  carefully  and,  although  it  is  a 
nasty  job,  there  is  the  satisfaction  of  knowing  that  the 
rope  is  thoroughly  covered.  No  trouble  is  had  from  slip- 
ping even  when  the  rope  is  covered  with  snow  and  ice. 

C.  L.  Malleby. 

Myerstown,  Penn. 

Taking   Chances 

How  some  engineers  can  take  chances,  and  still  avoid 
disastrous  accidents,  is  to  be  marveled  at,  considering  the 
way  some  plants  are  handled. 

(hold)  Cut  off  a/l  loose 

■' -fds  r^hen  finished 


"A  %-:A 


\^kVJ^     Si 


f^eacly  fo  open  with 
Marhn  Spike  an£:tpulf 


Fig.  1.  C'oKK  Si'Lnic 


Fig.  2.  Short  Splice 


Saiiday  gives  the  necessary  time  to  make  a  permanent 
splice. 

I  use  the  .short  splice,  taking  21/^  ft.  on  each  end  which 
is  unstranded  after  cutting  off  the  core  within  6  in.  of 
the  solid  rope.  One  strand  is  unwound,  the  core  pulled 
out  and  a  short  common  splice  is  made,  Fig.  1,  more  to 
hold  the  rope  together  and  get  the  proper  twist  to  the 
strands  than  because  it  is  needed.  Replacing  the  core 
and  loosened  covering,  a  strand  from  each  end  coming 
together  with  the  proper  twist,  is  taken  and  each  is  split 
in  halves.  Taking  one-half  of  a  strand  it  is  wound  into 
the  other  strand,  leaving  out  a  thread  at  each  turn,  li/j 
in.  from  the  other,  until  both  are  used  up.  cutting  off  all 
the  loose  ends.  The  operation  is  repeated  with  each  strand 
tiiitil  both  ends  are  woven  into  ])lac('.  With  a  little  tare 
one  can  make  the  pull  on  each  strand  nearly  equal  and  in 
two  or  tliree  days  the  .splice  will  be  no  bigger  than  the 
balance  of  the  rope.  Fig.  3  shows  the  method  of  making 
a  short  splice. 


At  a  plant  with  which  I  was  well  acquainted,  the  night 
engineer  came  on  duty  at  7  p.m.  and  continued  on  duty 
until  7  a.m.,  seven  nights  a  week,  the  year  round.  The 
plant  had  two  high-speed  engines  of  the  single  valve 
tyi)e,  with  automatic  flywheel  governors,  two  return- 
tubular  boilers,  72  in.  in  diameter  and  16  ft.  long,  two 
duplex  pumps,  a  system  of  vacuum  heating,  with  two  sin- 
gle-cylinder, double-acting  air  pumps,  an  electric  elevator, 
a  hydraulic  elevator  and  an  open  hmitcr.  The  night  en- 
gineer did  his  own  firing.  The  elevators  were  shut  down 
for  the  night  at  8  p.m. 

(ioing  over  everything,  after  the  heaviest  of  tlie  load 
went  ofF,  which  was  about  9  p.m.,  the  engineer  adjusted 
the  valve  on  the  city  water  line  to  the  lieater.  lie  then 
covered  the  fire  heavily,  shut  the  cylinder  oil  off  the  en- 
gine that  was  running,  pulled  out  his  cot-bed,  and  "turned 
in."  (He  .shut  the  cylinder  oil  off  the  engine  to  change 
the  position  of  the  governor,  as  the  s])rings  squeaked  at  a 
certain  position  and  kept  him  awake.) 
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A  watchman,  who  was  employed  by  the  city,  but  who 
had  nothing  to  do  with  this  plant  or  any  of  the  buildings 
connected  with  it,  frequently  came  in  during  the  evening 
to  talk  for  a  while.  This  watchman  made  his  rounds  at 
11  p.m.,  1  a.m.  and  3  a.m.  He  came  in  and  covered  the 
fire,  looked  the  engine  and  switchboard  over,  adjusted  the 
voltage,  if  needed,  saw  that  the  vacuum  and  feed  pumps 
were  running  all  right,  took  a  final  look  at  the  gage-glass 
and  went  out  again.  This  state  of  affairs  continued  for 
a  year,  that  I  am  aware  of,  withoiit  serious  mishap. 

In  another  plant,  having  a  60-in.  return-tubuhxr  boiler 
15  ft.  long  and  carrying  a  pressure  of  90  lb.  gage,  the 
engineer  went  home  every  Saturday  night,  leaving  a 
banked  fire.  He  did  not  come  in  Sunday,  but  started  a 
new  fire  every  Monday  morning  at  six  o'clock,  with  the 
water  down  in  the  water  column  so  low  he  could  not  find 
it.  This  boiler  was  fed  with  an  old  injector  which  wouhl 
not  work  with  less  than  50  or  55  lb.  of  steam,  and  not 
having  any  city  water  connection,  he  had  to  get  50  or  60 
lb.  of  steam  pressure  on  the  boiler  before  he  could  put 
any  water  into  it.  By  forcing  the  fire  and  getting  the 
water  in  sight  in  the  gage-glass,  he  would  have  about  70 
lb.  of  steam  at  seven  o'clock.  He  would  then  blow  the 
whistle  and  start  the  engine.  The  boiler  was  never  blown 
down  Monday  mornings,  as  there  was  never  water  enough 
in  it  to  allow  of  it. 

When  asked  why  he  did  not  come  in  Sunday  to  pull 
over  the  banked  fire  and  put  some  water  in  the  boiler,  he 
said:  "Oh,  I  live  about  25  miles  away,  and  I  go  home 
every  Saturday  and  don't  get  back  until  about  one  o'clock 
Monday  morning,  so  I  take  a  chance  on  it." 

John  C.  Chester. 

Concord  Junction.  Mass. 

Recording  Transmission  Dynamometer 

In  the  faiuiliar  ty]io  of  rotary  transmission  dynamom- 
eter, in  which  a  spring  in  torsion  is  used  for  transmitting 
and  weighing  force  transmitted  from  a  driven  to  a  driving- 
element,  the  problem  has  been  to  accurately  measure  the 
torsion  angle  of  the  spring  while  the  instrument  is  in  ro- 
tation. The  writer  has  devised  a  simple  mechanism 
which   measures   and   records   this   angle,   and   with   the 


mitted  by  a  belt  to  a  receiving  pulley,  .1 ,  on  the  dynamom- 
eter, and  is  measured  as  it  is  transmitted  througli  the  ap- 
paratus to  the  delivery  pulley  B. 

Through  gears  the  driving  shaft  rotates  a  drum  D 
carrying  an  indicator  card,  the  drum  having  the  same 
angular  velocity  as  the  shaft.  An  eccentric  mounted  on 
the  driven  shaft  moves  a  pencil  back  and  forth  across  the 
face  of  the  drum,  giving  it  a  simple  harmonic  motion,  and 
as  the  shaft  revolves,  a  sine  curve  is  traced  on  the  card. 
By  allowing  the  driven  shaft  to  run  free  this  curve  will 


Fig.   1.  Recording  DYXAiioiiKTEi; 
original  model  illustrated  in  Fig.   1  some  very  accurate 
power  measurements  have  been  made. 

As  may  be   noted   in   Fig.   1   the  dynamometer  is   of 
that  class  in  which  the  power  to  be  measured  is  trans- 


KOTATION  OF  DRUM  rw.. 

Fig.  1.  Diagram  Made  by  Recording  Dynamometer 

be  traced  and  retraced,  giving  a  reference  line  or  no-load 
curve.  Then  applying  the  load  to  be  measured  to  the  de- 
livery pulley,  a  second  curve,  out  of  phase  with  the  first, 
will  be  traced  as  in  Fig.  3. 

The  horizontal  distance  or  displacement  between  these 
curves  will  be  the  torsion  angle  of  the  spring  in  radian 
measure. 

Knowing  the  torsion  constant  of  the  spring  and  the 
revolutions  per  minute  of  the  dynamometer  shafts,  the 
number  of  horsepower  transmitted  can  be  determined 
from  the  formula : 

]\l).  =  constatit  X  displacement  in  inches  X  r.p.m. 

If  the  load  varies  during  one  revolution  of  the  shaft, 
the  mean  displacement  must  be  found  and  applied  to  this 
formula ;  or  better,  since  the  area  included  between  the 
curves  (shown  by  the  cross-hatching)  is  proportional  to 
the  work  transmitted  through  one  revolution,  the  num- 
ber of  horsepower  can  be  computed  from  the  formula 
///*.  =  a  constant  X  area  X  r.p.m. 

The  metallic  pencil  used  to  make  the  record  is  held 
clear  of  the  card  by  a  cord  passing  to  a  spring  push- 
button by  means  of  which  it  is  lowered  at  any  instant  a 
reading  is  desired. 

D.    D.    HUTETT. 

Wayncslioro.    Penn. 

Pump  Suction  Pipe  Too  Small 

An  experience  I  had  some  time  ago  goes  to  show  how 
trouble  can  be  caused  by  not  doing  work  about  the  en- 
gine room  properly. 

I  was  called  upon  to  locate  trouble  in  a  pump,  and  in 
looking  over  the  outfit  found  that  the  suction  pipe  had 
been  reduced  from  21/^  to  II/2  in.  The  engineer  informed 
me  that  the  pump  had  been  overhauled,  and  it  certainly 
was  in  good  condition.  But  when  the  trouble  was  pointed 
out  to  the  engineer  he  would  not  believe  that  it  had  any- 
thing to  do  with  the  action  of  the  pump. 

A  2l^-in.  pipe,  as  called  for  by  the  pump  connection, 
was  run  to  the  well  from  which  the  feed  water  was  taken. 
When  the  pump  was  started  it  gave  no  trouble,  and  since 
has  been  giving  the  best  of  satisfaction. 

J.  R.  Hardisty. 

Grand  View,  Can. 
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Traps   and    Piping  of  Return  Systems 

With  interest  I  read  Mr.  Little's  letter  in  the  Jan.  14 
issue,  under  the  heading,  "Points  about  Steam  Traps." 
Mr.  Little  has  laid  his  finger  upon  one  of  the  most  im- 
portant features  of  a  proper  installation  for  piping  con- 
densation returns.  It  has  often  struck  me  as  extraordinary 
that  it  has  been  tlie  common  practice  of  plumbers,  for 
j'ears,  to  use  the  45-deg.  ell  and  Y-connection  in  the 
drainage  of  buildings,  whereas  the  steam  engineer  still 
persists  in  using  the  old  square  tee.  Manifestly,  to  prop- 
erly drain  any  system  having  much  condensation,  fric- 
tion should  be  eliminated  as  much  as  possible,  by  keeping 
the  returns  flowing  in  the  general  direction  of  the  point 
of  discharge. 

Proper  arrangement  of  the  piping  will  not  only  reduce 
friction  but  also,  very  materially,  interference  of  pres- 
sures. This  method  of  connecting  returns  from  steam 
traps  has  been  long  advocated  by  experts  on  condensa- 
tion, and  many  large  trap  installations  have  been  made 
in  this  manner.  If  this  method  of  piping  is  applied  to 
a  series  of  kettles  and  the  discharges  connected  into  a 
common  heater,  with  check  valves  close  to  the  '"Y's,"  one 
steam  trap  on  the  series  is  often  just  as  efficient  as  a  trap 
on  each  unit  of  the  series.  Differences  in  outlet  pressure, 
as  high  as  .5  lb.,  are  commonly  found  where  kettles  and 
other  apparatus  are  working  under  the  same  initial  pres- 
sure, but  at  different  stages  of  the  same  process.  Such 
differences  will  be  equalized  in  the  header  and  the  con- 
densation discharged,  if  the  method  of  piping  advocated 
by  Mr.  Little  is  used. 

Where  a  return  trap  is  used,  and  the  system  is  kept 
closed  to  the  atmosphere,  it  is  practically  impossible  to 
obtain  the  best  results  without  this  .style  of  piping  and 
the  use  of  intermittent  flow  traps,  with  positive  discharge, 
on  the  apparatus  to  be  drained.  Unfortunately,  what  Mr. 
Little  says  is  very  true,  namely,  that  it  is  only  now  be- 
ginning to  be  realized  what  a  great  saving  can  be  effected 
with  proper  care  in  the  design  of  the  return  system,  by 
increa.«e  in  the  efficiency  of  the  drainage  system. 

I  do  not  agree  with  him  in  his  praise  of  the  expansion 
trap,  which,  in  my  e.xperience,  is  difficult  to  operate  un- 
der modern  conditions  of  high-pressure  steam,  and,  par- 
ticularly, where  tliere  are  large  volumes  of  condensate  at 
a  temperature  much  above  813  deg.  F.  The  best  results,  I 
find,  are  obtained  by  tilting  traps,  where  the  action  of  the 
craps  is  jMnitive  and  intermittent,  irrespective  of  the  tem- 
perature of  the  condensate.  It  certainly  does  not  pay  to 
return  to  a  liotwell  or  open  heater  condensate  which  leaves 
the  ai)i)aratus  at  any  temperature  above  230  deg.  F. 

The  main  points  to  be  considered  are  first,  the  rapidity 
of  draiiuige.  upon  which  depends  the  efficiency  of  the 
ajiparatus,  and,  secondly,  the  temperature  at  which  this 
water  is  available  for  return  to  the  boilers. 

H.  L.  Pkiler. 

^lontreal,  fan. 

[Mr.  Little  did  not  praise  the  expansion  trap;  but  re- 


marked that,  while  it  was  a  simple  and  sensitive  form  of 
trap  to  operate  (to  quote  Mr.  Little)  "and  gives  good  re- 
sults, the  conditions  must  be  as  near  ideal  as  possible." — 
Editoi;.] 

Card  Index  System 

After  reading  the  article  by  Mr.  Thompson,  in  the  Dec. 
3  issue,  under  the  above  heading,  it  occurred  to  me  that 
an  index  system  I  developed  for  myself  may  prove  of 
interest. 

While  Mr.  Thompson's  system  answers  the  purpose 
very  nicely,  the  one  I  am  keeping  is  somewhat  more 
elaborate.  I  am  using  the  3x5-in.  horizontal-bar  card 
which  costs  $1.20  per  thousand.  I  have  the  indexed  card 
such  as  Mr.  Thompson  uses,  and  am  cross-indexing  this 
system ;  that  is,  if  a  given  article  siich  as  "Power  Costs  in 
a  Manufacturing  Plant"  be  taken,  T  make  a  complete 
copy  on  five  cards,  placing  one  back  of  each  of  tlie  indexed 
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cards  marked  "Stations.  Description  of."  "Condenser-s," 
"Records  aiul  Filing  Systems,"  "Fuels"  and  "Lubricators 
and  Lubricants."  T  only  use  one  article  or  series  of 
articles  to  a  given  card. 

The  numbers  at  the  left  of  the  cards  give  the  volume 
and  page  number  respectively.  Wlicn  the  article  is  il- 
lustrated, I  iii.serted  a  small  figure  (#)  as  sliown  :  or  when 
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an  article  is  accompanied  by  a  table  which  may  prove 
useful,  I  insert  a  diSerent  figure  (°),  as  shown  on  the 
cards. 

John  C.  Swain. 
Indianapolis,  Ind. 

Ammonia  for  Hot  Bearings 

A  letter  in  the  Feb.  IS  issue,  from  C.  E.  Anderson, 
suggested  using  ammonia  on  hot  bearings.  I  have  never 
actually  tried  it,  but  I  know  that  the  advantage  as  far 
as  cooling  is  concerned  would  be  offset  by  a  disadvantage 
not  considered  by  the  writer  of  the  letter — the  destructive 
effect  of  ammonia  upon  copper  and  bronze.  Therefore,  if 
the  bearing  to  be  cooled  be  bronze  lined  it  would  be  folly 
to  try  any  such  heroic  remedy  on  it.  With  a  babbitt-lined 
bearing,  the  same  would  be  true,  for  babbitt  metal  con- 
tains more  or  less  copper  and  so  is  affected  by  ammonia. 
Therefore,  since  ammonia  applied  to  the  bearings  for  cool- 
ing purposes  destroys  them  at  the  same  time,  it  is  plainly 
evident  that  ammonia  will  not  do  as  a  cooling  agent. 

Frederick  Hansa. 

Xew  York  City. 

[Babbitt  metal  ordinarily  does  not  contain  more  than 
1..5  per  cent,  copper,  the  composition  in  per  cent,  being: 
tin.  45.3;  antimony,  13;  lead,  40;  copper,  1.5. — Editor.] 


There  is  no  question  of  the  ability  of  ammonia  to  cool 
hot  bearings,  journals,  etc.,  but  I  think  before  placing  it 
on  the  outside  of  a  hot  bearing,  it  would  be  safer  to  cool 
the  shaft  or  pin  adjacent  to  the  hot  bearing.  By  cooling 
the  outside  of  the  bearing  first  it  would  have  a  tendency 
to  clamp  or  bind  on  the  shaft  and  thereby  aggravate  the 
trouble  instead  of  alleviating  it.  A  much  better  way 
would  be  to  first  flood  the  bearing  with  hot  water,  then  oil 
the  bearing  and  immediately  after  use  the  ammonia  and 
water.  This  treatment  would  lessen  the  danger  of  any 
breaks. 

George  H.  Handley. 

Xewburgh,  X.  Y. 


Xo  doubt  C.  E.  Anderson's  method  of  cooling  hot  bear- 
ings with  ammonia  and  water  is  good,  but  in  applying  it 
to  a  crankpin  which  has  become  hot  enough  to  heat  the 
disk,  care  should  be  taken  that  the  pin  is  not  cooled  too 
quickly  unless  the  disk  is  cooled  at  the  same  time,  or  a 
loose  pin  is  likely  to  result.  It  must  also  be  borne  in 
mind  that  ammonia,  even  a  very  small  per  cent,  of  it,  in 
the  water  will  attack  brass,  and  hence  a  bearing  contain- 
ing brasses  might  be  more  or  less  injured,  though  there 
would  not  be  much  danger  of  this  in  the  few  times  the 
average  bearing  would  receive  such  treatment. 

G.  E.  Madeley. 

Brownsville,  Tex. 


Central   Station  vs.  Isolated    Plant 

The  arguments  advanced  by  W.  B.  Lewis,  in  the  Jan. 
7  issue,  page  33,  interested  me  because  several  statements 
I  considered  at  variance  with  modern  engineering  practice. 
He  states  that  one  85-kw.  and  two  100-kw.  units  were 
proposed  for  an  office-building  plant  supplying  its  own 
heat  and  hydraulic  elevator  sen'ice,  the  pumps  being 
steam  driven,  and  that  the  average  load  during  the  day 


was  20  kw.  with  a  short  peak  load  of  150  kw. 

This  is  a  much  larger  equipment  than  required.  One 
35-  and  one  150-kw.  unit  would  be  sufficient.  It  is  true 
that  the  one  large  unit  might  get  out  of  repair,  and  cause 
a  temporary  shutdown,  but  as  the  peak  load  only  lasts 
about  an  hour  a  day  it  would  seem  advisable  not  to  in- 
stall so  much  reserve  capacity  for  such  short  duration  of 
load.  It  is  everyday  practice  in  many  plants  to  run  a 
lighting  unit  every  night  of  the  year.  I  have  in  mind 
generating  miits  that  are  in  continuous  operation  from 
Monday  morning  until  Saturday  night,  53  weeks  in  the 
year.  I  have  charge  of  a  75-kw.  unit  that  has  run  every 
night  for  the  past  3^2  years,  except  in  July  and  August, 
when  we  use  central-station  service. 

In  Mr.  Lewis'  case,  for  that  reason,  I  consider  the  pos- 
sibility of  a  shutdown  during  the  time  that  the  large  unit 
is  required  very  remote.  He  states  that  the  cost  of  the 
proposed  equipment  would  have  been  $20,000,  which  is 
$88.88  per  kw.  This  is  far  too  high  by  at  least  $20  per 
kw.  I  am  connected  with  a  modern  uptodate  plant  of  525 
kw.  capacity  in  four  units  with  a  15-panel  switchboard, 
and  the  latest  improvements,  and  the  total  cost  for  en- 
gines, generators,  foundations  for  engines  and  pumps, 
piping  and  switchboard,  including  main  lighting  and 
power  panels  was  $30,800,  or  only  $58.66  per  kw. 

First-class  machinery  for  his  plant  ought  not  to  cost 
over  $60  to  $65  per  kw.,  which  with  the  three  itnits  that 
he  would  use  would  cost  about  $14,200,  and  by  using  one 
35-kw.,  and  one  150-kw.  unit,  or  a  total  of  185  kw.  in- 
stead of  225,  the  cost  ought  not  to  be  over  $11,700.  As- 
suming the  first  cost  to  be  $14,200,  and  allowing  5  per 
cent,  for  depreciation,  5  per  cent,  for  interest,  and  2  per 
cent,  for  repairs,  the  fixed  charges  would  be  $1704  in- 
stead of  $2400,  as  he  figured,  and  the  fixed  charges  per 
kilowatt-hour  3.4c.  compared  with  his  4.8c.  If  the  185 
kw.  plant  was  installed  the  charges  on  the  investment  of 
$11,700  would  be  $1404,  or  2.8c.  per  kw.-hr.  Further  on 
he  says,  "Statements  that  exhaust  steam  is  a  great  factor 
in  lessening  the  cost  of  power  can  be  easily  overesti- 
mated," but  in  reality  its  value  is  usually  underestimated 
by  the  central-station  representatives  to  make  their  own 
proposition  look  more  favorable. 

If  enough  exhaust  is  not  available  for  heating  during 
the  day,  it  would  at  least  greatly  decrease  the  amount  of 
live  steam  required,  and  I  fail  to  conceive  of  a  condi- 
tion during  the  heating  season  in  which  no  exhaust  steam 
would  be  required  for  heating  during  the  peak-load  pe- 
riod, which  he  says  occurs  about  5  p.m. 

The  building  containing  our  plant  is  of  granite,  four 
stories  high,  and  covers  200,000  sq.ft.  of  area.  With  the 
outside  temperature  at  any  point  below  46  deg.,  all  of 
the  exhaust  steam  is  used  from  the  average  day  load  of 
about  130  kw.,  and  a  daily  peak  load  from  3  to  7  :30  p.m. 
of  165  kw.  On  special  occasions  we  get  a  short  peak  load 
of  about  250  kw.,  and  even  then  we  have  one  more  150- 
kw.  unit  than  necessary,  which  increases  the  overhead  cost 
of  current  to  above  what  it  should  be. 

The  building  mentioned  by  Mr.  Lewis  will  require  no 
more  labor  with  a  plant  installed,  as  the  boilers  and 
pumps  must  be  operated  for  the  elevator  service,  and  the 
only  extra  expense  will  be  for  coal,  oil,  etc.,  which  the 
decreased  cost  of  current  will  soon  pay  for,  and  if  current 
was  sold  to  the  tenants  at  the  same  price  that  the  central 
station  charged,  there  would  be  a  neat  profit  on  the  ledger 
at  the  end  of  the  j'ear,  in  favor  of  the  isolated  plant. 
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There  is  another  phase  of  the  subject  that  Mr.  Lewis 
did  not  mention,  and  that  is  the  jusatisfactory  voltage  of 
the  central  station  which,  during  the  light-load  period 
when  few  lights  are  used,  is  above  normal,  but  as  soon 
as  the  heavy  load  comes  on  it  fluctuates,  and  frequently 
drops  to  90  per  cent,  of  the  normal.  This  is  not  only  nn- 
satisfactory  to  the  tenants,  but  is  hard  on  the  lamps  and 
shortens  their  life.  Frequently  there  are  interruptions 
to  the  service  of  from  ten  minutes  to  two  or  three  hours 
that  must  be  and  are  overlooked  by  the  tenants,  but  if 
these  interruptions  occurred  with  the  isolated-plant  ser- 
vice it  would  bring  down  the  wrath  of  everybody  in  the 
building  on  the  head  of  the  engineer,  and  would  be  ad- 
vertised from  Maine  to  Texas. 

The  proposition  of  a  summer  central-station  service, 
and  a  winter  isolated-plant  service  is  unsatisfactory.  Our 
institution  does  it  every  year,  getting  current  from  a 
large  central  station  during  Jul)'  and  August.  The  home- 
made current  with  excessive  overhead  charges  and  over 
$9700  per  j-ear  for  salaries  of  power-plant  employees 
costs  2.8c.  per  kw.  for  a  very  satisfactory  service,  and  the 
central-station  current  costs  2.5c.  f)er  kw.  for  a  service 
that  ranges  from  90  to  120  volts  with  a  normal  voltage  of 
110,  and  to  which  must  be  added  2c.  per  kw.  for  overhead 
charges  on  the  idle  plant  and  labor  that  is  kept  doing  a 
few  little  repair  jobs  around  the  f)lant  that  could  be  as 
well  done  while  running,  making  the  cost  of  current  4.5c. 
instead  of  2.8c.,  and,  furthermore,  leaving  the  building 
with  no  fire  protection  except  the  city  pressure.  The 
power-plant  men  must  be  kept  on  the  payroll  while  using 
central-station  current  or  a  new  crew  hired  every  year, 
which  causes  extra  expense  and  trouble,  and  the  best 
men  are  not  going  to  take  positions  in  plants  that  do  not 
run  steady. 

There  are  cases  in  which  central-station  service  is 
cheaper  in  the  summer  months,  but  not  in  the  class  of 
buildings  Mr.  Lewis  mentions,  in  which  hydraulic  ele- 
vators are  used,  as  steam  must  be  carried  for  the  pumps, 
even  though  the  current  is  purchased.  There  might  be 
some  advantage  if  all  the  pumps  and  elevators,  includ- 
ing the  fire  pump,  were  operated  by  motors. 

J.   C.  Hawkixs. 

Hyattsville,  Md. 


Factor  of  Evaporation 

I  have  just  read  A.  A.  Potter's  article,  in  the  Mar.  11 
issue,  on  ''Factor  of  Evaporation.  His  observations  as 
to  the  heat  in  a  pound  of  moist  steam  are  correct,  but  I 
cannot  agree  with  his  conclusions  as  to  the  proper  method 
of  computing  the  equivalent  evaporation  from  and  at 
212  deg. 

The  items  in  the  Complete  Form  advised  by  the  com- 
mittee on  boiler  testing  of  the  American  Society  of  Me- 
chanical Engineers  upon  this  question  read  as  follows: 

B".     Total  welprht  of  water  fed  to  boiler lb. 

68.  Equivalent  water  fed  to  boiler  from  and  at  212  deg-.  .      lb. 

69.  Water  actually   evaporated,   corrected   for  quality   of 

steam     

60.  Factor  of  evaporation lb. 

61.  Equivalent    water    evaporated    Into    dry    steam    from 

and  at  212  deg.   (Item  59  and  Item  60) lb. 

A  footnoie  referring  to  item  60  says,  "Factor  of  evap- 

rr L 

oration  =  -— ^..  ^  ,  in  which  //  and  h  are  respectively  the 
9bo.  ( 

total  heat  in  steam  of  the  average  ol)served  pressure,  and 

in  water  of  the  average  observed  temperature  of  the  feed." 


The  above  items  and  footnote  are  taken  from  Carpen- 
ter's "Experimental  Engineering,"  sixth  edition.  If  the 
Marks  and  Davis  "Steam  Tables"  are  used,  the  value  for 
the  heat  of  vaporization  of  steam  at  atmospheric  pressure 
will,  of  coarse,'  be  taken  as  9:0.4.  It  will  be  noted  that 
the  factor  of  evaporation  is  computed  for  dry  steam,  and 
is  multiplied  by  the  weight  of  feed  water  actually  evap- 
orated, the  moisture  in  the  steam  being  first  deducted. 
Mr.  Potter  states  that  this  is  inaccurate.  It  is  true  that 
the  heat  of  the  liquid  in  the  unevaporated  water  is  not 
included,  but  this  should  properly  be  regarded  as  lost 
heat,  the  same  as  radiation,  heat  carried  ofi  in  the  flue 
gases,  and  other  sources  of  loss.  Moisture  in  the  steam, 
although  carrying  heat,  is  of  no  use  for  power  purposes, 
and,  in  fact,  every  effort  is  made  to  eliminate  it  by 
means  of  separators,  bleeders,  traps,  etc.,  before  the  steam 
is  delivered  to  the  engine.  The  net  credit  to  the  boiler, 
then,  should  be  the  amount  of  water  actually  evaporated 
into  dry  steam. 

In  his  illustrative  example,  Mr.  Potter  has  multiplied 
the  factor  based  upon  dry  steam,  1.13,  by  the  total  water 
fed  to  the  boiler,  5000  lb.  This  weight  should  have  been 
first  corrected  for  moisture,  making  the  corrected  weight, 
with  his  assumption  of  3  per  cent,  moisture,  4850  lb.  Also, 
for  accurate  work,  the  factor  of  evaporation  should  be 
carried  out  to  four  significant  figures.  The  two  methods 
of  computing  the  equivalent  evaporation  per  hour  give 
the  following  results : 

Water  fed  per  hour,  5000  lb. 

Absolute  steam  pressure,  150  lb.  per  sq.in. 

Per  cent,  moisture  in  steam,  3. 

Feed-water  temperature,  130  deg. 

1.  Factor  of  evaporation 

0.97  X  863.2  -|-  330.2  —  97.89  _ 
9704  ^ 

Equivalent  evaporation  =  1.102  X  5000  =  5510  lb. 

2.  Factor  of  evaporation 

863.2  -I-  330.2  —  97.89 


970.4 


=  1.129 


Water  actuallv  evaporated,  corrected  for  qualitv  = 
4850  lb. 

Equivalent  evaporation  =  1.12.^  X  4850  =  5475  lb. 

The  latter  computation  gives  a  result  35  lb.  less  than 
is  given  by  the  first  method.  This  35  lb.  from  and  at 
212  deg.  represents  the  heat  in  the  moisture  in  the  steam, 
which  we  liave  rejected. 

A.  L.  Wkstcott. 

("ohimbia.  Mo. 

Mr.  Flannery's  Feed  Water  Heater 
Troubles 

The  Jan.  14  issue  contains  an  interesting  letter  from 
W.  A.  Flannery  concerning  his  troubles  with  the  feed- 
water  temperature.  The  letter  is  followed  by  an  editorial 
note  to  the  elfect  that  the  troubles  are  probably  not  so 
much  due  to  improper  design  as  to  the  manner  of  install- 
ing the  heater  and  to  the  high  solid  content  of  the  water. 

According  to  Mr.  Flannery's  figures  there  is  one  boiler 
at  his  plant,  48  in.  by  15  ft.  This  would  bo  approximately 
50  hp.  If  it  is  running  at  its  rated  load  it  is  evaporating 
of  water  an  hour,  approximately. 

50  X  30  =  1500  Ih. 
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The  heater  is  42x100  in.  and  as  the  pump  suppl}'  is 
48  in.  from  the  base  and  the  overflow  14  in.  above  the 
pump  suction,  we  can  iigiire  on  a  working  water  depth 
of  sav 

48  +  10  =  58  in. 
The  water  oapacity  is,,  therefore, 

l<!  X  100  X  58  in.  =  243.600  cu.in. 
or  140  tu.ft.      We  thus  have 

140       .J  , 

suppl)"  in  the  heater,  only  a  little  of  which  is  available, 
however.  A  heater  of  this  size  is  usually  rated  at  about 
2500  hp. 

Regarding  the  loss  due  to  radiation,  the  surface  of  the 
heater  having  water  on  one  side  and  air  on  the  other  will 
be  about 

(42  X.  2  X  58)  +  (ion  X  2  X  -"'S)  =  16.472  xq.in.  or 
roughly,  115  sq.ff. 

Consider  the  temperature  of  the  water  to  be  190  deg.  F.. 
as  Mr.  Flannery  says,  and  the  temperature  of  the  boiler 
room  SO  deg.  F.  By  means  of  Dulong's  laws  of  radiation 
and  convection  we  find  that  the  heat  loss  per  hour  from 
this  surface  would  be  about  19,750  B.t.u.,  140  cu.ft.  of 
hot  water  would  be  8400  lb.  and 
19,750 


8400 


=  2.35  B.f.u. 


loss  which  would  cause  a  drop  of  13  deg.  in  the  tempera- 
ture of  the  feed  water. 

Large  capacity  is  a  desirable  feature  in  a  feed-water 
heater,  but  when  there  is  over  an  hour's  supply,  tlie  tem- 
perature begins  to  be  noticeably  affected.  The  fact  that 
the  pump  suction  is  4  ft.  above  the  bottom  of  the  heater 
and  that  all  this  reserve  water  supply  is  not  available 
shows  poor  design  of  this  part  of  the  heater.  There  is  no 
reason  why  a  properly  designed  and  proportioned  open 
feed -water  heater  should  not  give  a  temperature  of  210 
deg.  F.  if  there  is  suificient  exhaust  steam  to  heat  the 
water. 

If  the  water  used  contains  33  gr.  per  gal.  of  solids,  it 
is  no  wonder  the  filter  becomes  choked  up  in  three  weeks. 
This  is  the  penalty  for  having  a  bad  feed  water.  I  would 
venture  a  guess,  however,  that  it  is  considerably  easier 
to  clean  the  filter  than  to  clean  the  boiler  of  an  equiva- 
lent amount  of  hard  scale. 

The  regulation  of  the  cold-water  supply  would  be  im- 
proved if  the  filter  were  kept  clean.  Plenty  of  hot  water 
for  the  boiler-feed  pump  is  provided  in  one  well  known 
apparatus  on  the  market  by  having  an  automatic  bj'pass 
which  delivers  unfiltered  water  above  the  filter  when  the 
latter  becomes  fouled  so  there  is  always  a  supply  at  the 
pump  suction,  although  only  a  part  of  it  is  filtered.  How- 
ever, I  understand  this  arrangement  is  patented.  Mr. 
Flannery  should  not  condemn  all  open  heaters  on  ac- 
count of  his  experiences  with  this  particular  one,  but 
should  see  to  it  that  the  next  one  he  gets  is  better  adapted 
to  the  work  to  be  done.  There  seems  to  be  little  help 
for  him  now  except  to  lag  the  heater  to  cut  down  radia- 
tion losses,  and,  perhaps,  remove  the  burlap  to  allow  the 
water  to  pass  through  the  filter  more  rapidly. 

Edwahd  it.  Robie. 

Philadelphia,  Penn. 

Mr.  Flannery  complains  of  his  open  heater  being  too 
large  for  the  boiler.    He  is  fortunate  in  having  a  large 


heater,  the  feed  water  used  contains  a  large  amount  of 
solids,  and  this  water,  moving  slowly  through  the  settling 
chamber.  de])osits  most  of  the  solids  in  this  chamber  and 
in  the  filter. 

Every  open-heater  filtering  chamber  should  be  cleaned 
at  least  every  two  weeks.  I  have  found  wood  excelsior, 
tightly  packed  into  the  filtering  chamber,  with  burlap  on 
the  top  an<l  bottom,  an  excellent  filtering  material. 

If  Mr.  Flannery  will  see  that  the  water  distributer  at 
the  top  of  the  heater  is  set  level  so  that  the  water  flows 
evenly  to  the  perforated  trays,  also  that  the  rod  between 
the  regulating-float  chamber  and  the  water-inlet  valve  is 
adjusted  while  the  boiler-feed  pump  is  in  motion,  he 
will  have  no  fault  to  find  with  the  temperature  of  the 
feed  water.  It  is,  of  course,  understood  that  the  boiler- 
feed  pump  will  run  continuously  and  that  the  regulating 
valve  be  adjusted  to  maintain  a  constant  water  level — 
about  half  a  glass — in  the  heater. 

From  the  present  action  of  the  regulating-float  cham- 
ber it  seems  to  me  that  the  pump  suction  is  too  small. 

George  McMillax. 

Elizalieth    X.  J. 

Locomotive  Boiler  Explosions 

In  the  issue  of  Feb.  4,  1913,  I  read  of  another  locomo- 
tive-boiler explosion  at  Detroit.  Mich.,  on  the  Detroit  & 
Toledo  Shore  Line  R.R.,  on  Jan.  5,  which  was  being 
prepared  to  haul  a  train  to  Toledo.  It  seems  that  this 
boiler  exploded  under  the  .same  condition  as  the  locomo- 
tive boiler  at  San  Antonio,  Tex.,  on  Mar.  18,  1912. 

In  the  examination  report  of  these  boiler  explosions, 
no  mention  is  made  of  the  water  being  an  explosive  under 
certain  conditions,  the  only  theory  seems  to  be  that  of 
broken  stays  and  some  other  defective  parts,  which  would 
naturally  be  found  after  an  explosion.  Xo  mention  is 
made  of  the  water  being  out  of  circulation  when  the  lo- 
comotive is  at  rest  and  no  steam  is  released,  and  the 
amount  of  heat  stored  equally  in  all  the  molecules  of  the 
large  quantity  of  water  the  boilers  contain. 

Xow  if  as  much  heat  is  stored  in  the  water,  when  a  lo- 
comotive boiler  is  in  full  operation  and  under  the  severest 
condition  on  the  road,  why  don't  the  boiler  explode? 
Even  "when  locomotives  run  into  one  another  and  are 
broken  to  pieces,  no  explo.sion  occurs. 

To  prevent  this  expansive  and  explosive  force,  when 
a  boiler  is  fired  up  for  service,  a  part  of  the  steam  gen- 
erated shoidd  be  released  so  as  to  keep  the  water  in  the 
boiler  in  constant  circulation,  when  there  will  be  no  dan- 
ger to  the  boiler,  which  can  be  proved  by  demon.stration. 

Any  one  that  has  seen  how  water  acts  in  a  locomotive 
boiler  under  different  conditions,  will  disregard  the  old 
theory  on  boiler  explosions. 

JoHx  G.  Brom.vx. 

Chicago.   111. 

The  Examiners  Examined 

Referring  to  jnigc  2!)2  of  Powek.  Mar.  4.  it  would  be 
interesting  to  have  the  civil-iservice  examiners  examined, 
to  find  how  they  would  answer  questions  7  and  8,  and 
also  to  have  them  define  "thermal  efficiencv"  and  "ther- 
mal  per   cent." 

WiLLi.\M  Kent. 

Montelair,  X.  J. 
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Return    Tubular    < 

as   a    return-tubular 


M.    Li>ooniotivc 

boiler    over   a 


Boiler — What    at 
locomnti\-e    boiler 
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ntage  Countei 


W.    C. 


Return-tubular  boilers  of  good  proportions,  when  properly 
set  and  having-  good  draft,  are  generally  more  efficient  than 
locomotive  boilers  because  of  better  fjrnace  combustion  and 
less  loss  of  heat  by  radiation  and  by  waste  aeat  in  the  chim- 
ney gases. 


Fluotuntlfip:  Water  Level — What  tan  be 
water  level  in  the  boiler  gage-glass  fiuctuati 
of  the   engine   supplied? 


the 


3f    the 


P.    A. 


When  the  steam  space  of  a  boiler  is  small  in  proportion  to 
the  size  of  the  cylinder  of  the  engine  supplied  with  steam  by 
the  boiler,  the  water  level  in  the  gage-glass  may  show  a 
vaTiation  at   every  stroke   of  the   engine. 


Superheat* 

heated  steam 


<I     Sff 


-What    are    the    advantages    of    super- 


M.    L.    E. 


Superheated  steam,  being  drier  than  saturated  steam, 
does  not  condense  or  lose  heat  so  readily,  and,  not  being  so 
quickly  converted  into  water,  its  expansive  force  is  greater 
than  that  of  steam  which  is  partly  water  or  quickly  be- 
comes  so. 


Safety   Valves — ^\  hat    is 
It    is    advisable    to    use? 


the   largest   size   safety   valve   that 


L.    B.    G. 


It  is  not  well  to  use  safety  valves  larger  than  5  in.  because 
larger  ones,  especially  pop  valves,  would  very  soon  pound 
away  their  seats.  Also  larger  valves  are  likely  to  stick  and 
the  tendency  to  stick  might  not  be  readily  ascertained.  It  is 
dilBcult  to  get  valves  larger  than  5  in.,  which  will  act  as  sens- 
itively and  perfectly  as  small   safety    valves. 


Water  in   the 

the   cylinder   of  a 


yllnder — Why   is    the    pr- 

3team    engine    dangerous 


of 


iter    in 


If  there  is  water  in  a  cylinder  filling  the  space  on  one  side 
of  the  piston,  and  the  water  cannot  escape  as  the  piston  ap- 
proaches the  end  of  the  stroke,  it  will  result  in  the  same 
damage  in  rupturing  the  cylinder  as  though  the  space  were 
filled  with  an  incompressible  solid,  because  water  Is  nearly 
Incompressble. 


Boiler  >laterlalM — What  materials  are  the  proper  ones  to 
use  for  the  shells  and  heads  of  return-tubular  boilers?  What 
Is  the  limit  of  the  tensile  strength  for  each? 

O.  T. 

The  shell,  drums  and  butt  straps  are  rec)uired  to  be  of 
open-hearth  firebox  steel;  the  heads  of  openhearth  flange, 
firebox,  or  extra-soft  steel.  The  tensile  strength  per  square 
Inch  for  firebox  steel  is  52.000  to  62.000  lb.,  and  for  steel  for 
tlie  heads   45,000   to  55,000   lb. 


Iiooiie  PiHton  RInK — If  a  new  snap  ring  fittcii  to  an  engine 
piston  Is  narrower  than  the  groove  so  that  It  knocks  at  each 
reversal  of  the  stroke,  is  there  any  way  to  fix  It  without  get- 
ting  a  new    ring? 

T.    A. 

This  defect  can  be  corrected  by  taking  the  rins  out  and 
peening  It  with  a  hammer  on  the  opposite  sides  at  points  that 
alternate  in  staggered  relation  so  that  the  ring  in  made 
crooked  laterally.  This  will  have  the  effect  t.f  making  the 
ring  tight   against   the   sides. 


fioveri 

an  engine 


ilnK  at   No  Load — With   the  Rites  governor,   how    can 
be  prevented  from  overspeedlng  when  without  load? 


The  steam  lap  must  be  great  enough  to  give  practically 
no  opening  when  the  governor  Is  In  full-speed  position,  which 
means  zero  lead  In  this  position.  As  the  arm  swings  in.  the 
lead  Increases,  but  not  enough  to  give  a  proper  lead  In  the 
usual  running  position  unless  the  governor  Is  set  a  little 
ahead.  The  corresponding  disadvantage  is  an  excessive  leafl 
at  late  cutoff,  but  this  Is  appropriately  compensated  for  best 
results  with  the  average  load. 


rivets  on  boile 


Rivets — Is    it    allowable 


to    use    countersunk 


O.    B.    L. 


It  depends  on  where  they  are  used.  Countersunk  rivets  are 
rarely  used  on  a  boiler  and  never  should  be  used  to  resist 
any  great  amount  of  pressure  or  strain.  Their  use  is  gen- 
erally confined  to  places  where  there  is  not  room  for  putting 
heads  on  the  rivets.  It  is  quite  common  to  use  countersunk 
rivets  on  brass  or  bronze  flanges  such  as  are  used  for  blowoffs. 
and  sometimes  on  small  flanges  which  are  used  for  steam 
connections. 


Loss  of  a  tiu 

ills  fell  oft  of  ; 


■ernor  Ball — What  would  happen  if  one  of  the 
Corliss  engine  governor? 

If  the  friction  of  the  governor  was  not  too  great  She 
engine  would  speed  up.  The  side  twist  of  the  single  ball 
might  cause  sticking  for  a  short  time.  When  one  of  the 
balls  is  removed  practically  half  of  the  centrifugal  force  is 
taken  away,  but  the  arms  and  connections  being  left,  less 
than  half  of  the  weight  is  removed,  and  the  weight  would 
overcome  the  centrifugal  force  and  the  collar  would  drop. 
allowing   the   engine   to   speed   up. 


i|>   til 


Fill   Tank— What   size   pump    would    be    necessary 
ndrical   tank   25   ft.   in   diameter  and   42   ft.   high   in 


The    tank 


ill    t 

25    X25 


jntain 


J.    P.    C. 


7S54    X    42   =   20,616.75  cu.ft. 
This   is   equal    to 

20.616.75    X    7.4S    =    154.213.3  gal. 
To   flll   this  tank   in   10   min.    would    require  a  pump  of  a   capa- 
city of  15.421.33   gal.   per  min. 

Assuming   that    the   piston   speed   could   be    150  ft.   per   min 
a  double-acting  duplex  pump   with   36-in.   diameter   water  cyl- 
inders   by   4S-in.    stroke   would    do    the   work    when    operating- 
at  ISH  r.p.m.  for  each  stroke  of  each  cylinder  would  discharge 
36    X    36    X    0.7S54    X    4S 

=   211.5  gal. 


ind  each  revolution 


231 

ould  mean 


four 


strokes 
per   rev. 


15,43!i.5   gal.   per 


Locomotive  Piston  Reciprocation— Does  a  piston  In  a  loco 
motive   cylinder   reciprocate   on    one   end   of  the 
the    locomotive    is    in    motion,    or    does    it    recip 


ylinder  when 
cate   on    both 


Recipr 


itio 


W. 


motion    means   t 
to    other    bodies 


means  a  nioliiin  forward  and  backward.  As 
e  change  of  position  of  a  body  with  respect 
then,  considered  with  respect  to  any  other 
parts  of  the  engine,  such  as  the  cylinder,  the  piston  recipro- 
cates. With  respect  to  the  ground,  however,  over  which  the 
locomotive  as  a  whole  is  moving,  the  piston  does  not  recipro- 
cate, but  has  a  continually  forward  motion  of  variable  veloc- 
ity. This  is  seen  when  it  is  considered  that  the  piston  speed 
relative  to  the  cylinder  is  never  as  great  as  the  speed  of  the 
whole  locomotive,  the  crankpin  not  being  as  far  from 
the  center  of  the  driving  wheel  as  the  rim.  Therefore,  even 
on  the  return  stroke,  with  the  piston  at  mid-stroke  where  its 
velocity  Is  greatest,  the  piston  Is  not  moving  backward  as 
fast   as   the   locomotive   Is   traveling  forward. 

On  the  forward  stroke  the  piston's  velocity  with  respect  to 
the  cylinder  Is  added  to  that  of  the  locomotive  to  give  the 
actual  speed  of  the  piston  relative  to  the  ground.  On  the 
return  stroke  the  piston's  velocity  Is  subtracted  from  (he  lo- 
comotive's. 

The  piston's  average  speed  must  be  the  same  as  the  lo- 
comotive's, hence  on  the  forward  stroke  the  piston  moves 
faster  than  the  cylinder  and  on  the  backward  stroke  the 
cylinder  gains  again  on  the  piston.  This  is  the  basis  of  tht,' 
argument  that  the  piston  reciprocates  In  the  cylinder  on  the 
forward  stroke  and  the  cylinder  on  the  piston  on  the  return 
stroke.  Except  In  respect  to  each  other,  neither  reciprocates, 
for,  with  reference  to  the  ground,  both  have  continually  for- 
ward  motion. 
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Mkxsuration — Part  YIII 
Cylindrical  Segments  and  Ellipses 

The  steam  space  in  a  cylindrical  boiler,  as  that  between 
tlie  water  level  ABCD  and  the  shell  above,  Fig.  1,  is  an 
example  of  the  form  of  a  cylindrical  segment. 

To  find  the  volume  of  a  cylindrical  segment,  we  must 
iirst  find  the  area  of  the  end  or  base,  which  is  a  segment 
of  a  circle,  and  then  multiply  by  the  length  of  the  cylin- 
drical segment. 

The  same  reasoning  that  shows  that  the  volume  of  a 
single-base  spherical  segment  is  equal  to  the  volume  of 
a  spherical  sector  minus  a  cone,  applies  to  the  area  of  a 
segment  of  a  circle.  Thus  we  see  that  a  segment  of  a 
circle  is  equal  to  the  circular  sector  containing  it  minus 
the  triangle  formed  by  the  chord  of  the  segment  as  the 
base  and  two  radii  of  the  circle  as  sides. 

A  sector  of  a  circle  being  only  a  very  great  number  of 
thin  triangles  with  their  sides  adjoining,  the  area  of  a 
sector  is  equal  to  the  length  of  the  arc  multiplied  by  one- 
half  of  the  radius,  and  that  of  the  triangle  in  question 
to  one-half  of  the  product  of  the  chord  of  the  segment  by 
an  altitude  equal  to  the  radius  minus  the  height  of  the 
segment. 

A  formula  then  for  the  area  of  a  circular  segment  is 

,       a  X  r      cX  (R  —  Ji) 


•2, 


where 


a  =  Length  of  arc ; 
R  =  Radius ; 
c  =  Length  of  chord ; 
/t  =  Height  of  segment. 


Fig.  1. 

Usually  the  various  quantities  required  in  this  for- 
mula can  be  measured  directly  so  as  to  solve  the  area 
without  any  further  modifications. 

It  must  be  noticed,  however,  that  this  formula  applies 
only  for  segments  smaller  than  semicircles.  If  larger  the 
minus  sign  must  be  changed  to  plus;  then  the  formiila 
will  apply,  for  the  segment  of  a  circle  larger  than  a  semi- 
circle is  equal  to  the  corresponding  sector  plus  the  tri- 
angle. 

What  is  known  as  the  Massachusetts  formula  for  the 
area  of  a  segment  of  a  circle,  which  is  only  approximate, 


however,  requires  only  two  dimensions,  the  diameter  of 
the  circle,  D,  and  the  height  of  the  segment,  h,  thus 


A  = 


1 0.60 


A^arious  handbooks  give  tables  of  segments  of  a  circle 
of  unit  diameter,  i.e.,  if  the  quantities  in  the  table  are 
taken  as  feet  they  apply  to  a  circle  1  ft.  in  diameter  or  if 
taken  in  inches,  to  a  circle  1  in.  in  diameter.  These 
tables  give  the  areas  of  segments  from  a  height  of  0.001, 
up  to  0.5  (a  semicircle),  increasing  by  thousandths.  (The 


Fig.  2. 

height  of  the  segment  in  these  tables  is  generally  called 
the  versed  sine.) 

Below  is  given  such  a  table  for  segments  of  all  heights 
from  0.01  to  0.5,  increasing  by  hundredths. 


TABLE  I 

AREAS  OF  CIRCULAR  SEG 

MENTS 

Ht. 

Area 

Ht. 

Area 

Ht. 

Area 

Ht. 

Area 

Ht. 

Area 

0  01 

0.00133 

0.11 

0.04701 

0.21 

0.1199 

0.31 

0.20738 

0.41 

0.30319 

0  02 

0.00375 

0.12 

0  5338 

0.22 

0.12811 

0.32 

0.21667 

0.42 

0.31304 

0  03 

0.00687 

0.13 

0.06 

0.23 

0.13646 

0.33 

0.22603 

0.43 

0.32293 

0  04 

0.01054 

0.14 

0.6683 

0.24 

0.14494 

0.34 

0.23547 

0.44 

0.33284 

0  05 

0.01468 

0  13 

0 . 7387 

0.25 

0.15355 

0.35 

0.24498 

0.45 

0.34278 

0  06 

0.01924 

0.16 

0.08111 

0.26 

0   16226 

0.36 

0.25455 

0.46 

0.35274 

0  07 

0-02417 

0.17 

(0.08854 

0  27 

0.17109 

0.37 

0.26418 

0.47 

0.36272 

O.OS 

0  02943 

0.18 

0.09613 

0  28 

0.18002 

0  38 

0.273S6 

0.48 

0.3727 

0  09 

0  03501 

0.19 

0.10390 

0.29 

0.18905 

0.39 

0.28359 

0.49 

0.3827 

0.1 

0.04087 

0.2 

0.11182 

0.3 

0.19S17 

0.4 

0.29337 

O.S 

0.3927 

If  the  area  of  a  segment  larger  than  a  half  circle  is 
wanted,  the  area  of  the  segment  that  it  would  be  neces- 
sary to  add  to  complete  the  circle  can  be  found  from  the 
table  and  this  subtracted  from  the  area  of  a  whole  circle 
(0.7854)  gives  the  area  of  the  required  segment. 

For  example,  in  Fig.  2,  the  area  of  the  shaded  segment 
can  be  found  at  once  from  the  table  and  is  0.19817.  If 
the  area  of  the  unshaded  segment  had  been  required  it 
would  be  obtained  by  subtracting  that  of  the  shaded  seg- 
ment from  0.7854  (the  area  of  a  circle  of  radius  1)  or 
0.7854  —  0.19817  =  0.58723 

If  the  segment  area  to  be  calculated  were  not  that  of  a 
unit  circle  but  of  one,  say,  6  ft.  in  diameter,  it  would 
still  be  proportional  to  the  value  found  in  the  table  (areas 
of  circles  are  proportional  to  the  squares  of  their  diam- 
eters), so  that  it  would  only  be  necessary  to  multiply  the 
value  from  the  table  by  6". 

To  find  the  steam  space  in  the  boiler.  Fig.  1,  tiy  using 
the  table,  if  the  boiler  is  60  in.  in  diameter  and  the  seg- 
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nieiit  IG  ill.  high,  we  would  proceed  as  follows: 
diameter  were  1  the  segment  height  would  be 
/i:  1  =  16:60 


If  the 


/'  =  iff  =  0.2066,  cttU  it  0.27 
The  area  of  a  segment  of  such  a  height,  from  the  table, 
is  0.17109.     Therefore,  the  area  of  our  actual  segment  is 

0.17109  X  60  X  60  =  615.924  sq.in. 
ami  the  volume. 


Fig.  3. 

615.924  X   18  X  12  =  133,039.584  cu.in. 
The  Ellipse 
Fig.  3  shows  an  ellipse.    The  largest  diameter  is  called 
the   major  cutis,  and    the   smallest   diameter   the    minor 
axis. 

The  circumference  or  perimeter  of  an  ellipse  can  be 
computed  accurately  only  by  the  summation  of  a  series 
and  is  such  a  long  and  involved  process  that  it  would  be 
beyond  the  intended  scope  of  this  course  to  go  into  it. 


Fro.  4. 

Formulas  arc  given  in  numerous  handbooks  to  figure  the 
circumference  with  sulTicient  closeness  for  practical  ])iir- 
poses. 

A  good  approximate  formula  is 


C'  = 


i>2    +   f/2 


where 

,r=  3.1410: 
D  =  Major  a.vis : 
d  =  Minor  a.xis. 
Example:    What  will  be  the  (■inumrcn'iicc  of  an  ellipti- 
cal manhole,  the  major  axis  being  15  in.  and  the  iniiKir 
axis  10  ill.? 

Substituting  \\w  values,  we  have 


C  =  3.1410  X  -y/^^^— '  =  40.047  in.     Ana. 

The  only  im])ortai)t  things  to  remember  about  the 
ellipse  are  how  to  draw  one  of  given  dimensions  and  how 
to  calculate  th(>  area. 


An  easy  way  to  make  an  ellipse  is  to  stick  two  pins  in 
a  board,  as  in  Fig.  4,  drop  a  piece  of  string,  with  its  ends 
joined,  over  the  pins  and  then,  placing  a  pencil  within  the 
loop,  draw  it  taut,  as  in  Fig.  5.  Now,  if  the  pencil  be 
held  in  this  relation  to  the  cord  and  be  carried  around  the 
pins  with  its  point  pressing  on  the  board,  it  will  trace  an 
ellipse.  Where  the  pins  are  stuck  are  the  focii  (plural 
of  focus)  of  the  ellipse  and  our  little  experiment  shows 
at  once  a  truth  with  regard  to  an  ellipse  and  its  focii, 
namely,  that  the  sum  of  the  two  lines  drawn  from  any 
point  on  an  ellipse  to  its  focii,  is  always  the  same.     This 


Fig.  5. 

must  be  so  because  the  string  is  unchanged  in  length,  so 
that,  in  Fig.  4. 

ac  -{-  ch  =  ad  +  dh  =  ae  -\-  eb 

Another  truth  then  is  that  this  constant  sum  of  the  two 
lines  from  any  point  is  equal  to  the  length  of  the  major 
axis,  for  eb  =  fa.  Incidentally  we  see  that  the  focii  are 
on  the  major  axis. 

Now  the  question  is  how  to  draw  an  ellipse  having  cer- 
tain major  and  minor  axes. 

First,  let  us  lay  out  our  axes,  as  in  Fig.  6,  by  drawing 
two  lines  at  right  angles  of  the  required  lengths  crossing 


each  other  at  their  centers,  as  ah  and  rd.  We  know  that 
the  pins  must  be  placed  somewhere  on  the  line  ab,  as  at  e 
and  /,  .so  that  ec  and  ef  each  equal  half  the  major  axis. 
These  points  can  be  struck  with  a  compass  centered  at  c 
and  set  with  a  radius  equal  to  ao.  It  only  remains  to  stick 
another  pin  tomjwrarily  in  r  and  tic  a  loop  of  string 
around  e,  f  and  c.  Then,  removing  tlie  pin  at  c,  wc  place 
a  pencil  point  within  the  loop  and  trace  tlie  ellipse. 

Obviously   the   fatter  the  ellipse,   i.e.,   the   longer  the 
minor  axis  with  respect  to  the  major,  the  closer  the  points 
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e  and  /  will  come  to  each  other,  until  wheu  they  come 
together  at  o,  a  circle  would  be  the  figure  drawn.  This 
circle  is  known  as  an  au-viliary  circle  of  the  first  ellipse 
or  any  ellipse  having  a  major  axis  equal  to  its  diameter. 

In  Fig.  7  we  have  an  ellipse  and  its  auxiliary  circle. 
The  ellipse  was  drawn  with  its  minor  axis  half  as  long  as 
the  major  axis.  If  we  draw  perpendicular  lines  to  the 
'major  axis  from  the  circumference  of  the  circle  we  will 
find  that  the  ellipse  crosses  each  one  of  these  lines  at  its 
middle  and  so  it  would  be  if  the  minor  axis  were  §  or  ^ 
or  any  other  fraction  of  the  major  axis — these  lines  would 
be  crossed  by  the  ellipse  at  corresponding  parts  of  their 
length.  Incidentally  this  shows  another  way  to  lay  out 
the  curve  of  an  ellipse  by  first  drawing  a  circle  and  a 
nuntber  of  perpendiculars  to  its  diameter  and  dividing 
these  lines  in  the  ratio  of  the  minor  to  the  major  axis. 

But  this  is  aside  from  the  point  we  are  leading  to — to 
slidw  the  ratio  of  the  area  of  an  ellipse  to  the  area  of 
'its  auxiliary  circle. 


CIRCLE 


Fig.  7. 

If  in  Fig.  1  the  ellipse  cuts  all  the  vertical  lines  at  half 
their  height,  the  area  of  the  quarter  ellipse  must  be  half 
the  area  of  the  quarter  circle  and  the  whole  ellipse  half 
the  area  of  its  attxiliary  circle.  Similarly  this  holds  true 
for  any  other  ratios  of  minor  axis  to  major  axis  so  we 
have  the  following: 

TJule:  The  area  of  an  ellipse  is  to  the  area  of  Us  au.ril- 
iarij  circle  as  the  minor  axis  is  io  the  major  axis. 

Expressed  as  a  formula 

'Ac~  D 

where 

Ae  =Area  of  ellipse; 

Ac  ^=  Area  of  circle; 

d  =  Minor  axis ; 

D  =  Major  axis  =  Diameter  of  auxiliary  circle. 
We  learned  before  that  the  area  of  a  circle  is  0.7854Z)-. 

Then  we  can  substitute  this  for  Ac  when  our  equation 
becomes 

Ae         ^d_ 
0.78.54  i)  8       D 


Ae  = 


n.7854Z'3  X  d 
1) 


which,  canceling  the  D's,  reduces  to 

Ae  =  0.7854  Z»  X  d 
which  is  only  another  way  of  saying: 

Rule:     The  area  of  an  ellipse  is  equal  io  0.1S-'>Ji  iiines 
the  product  of  the  axes  of  the  ellipse. 

Example:    What  is  the  area  of  the  ellipse  in  the  previ- 
ous example? 

The  major  axis  is  15  in.  and  the  minor  axis  10  in. 
Applying  t)ie  rule,  we  have 

Yj  X  10  X  0.7854  =  117.81  s,].!),.   Ans. 
Answers  to  Last  Week's  Pkoblejis 

1.  $917.(56. 

2.  1229.88  gal. 


OVER    THE    SPILLWAY 

JUST      JESTS,     JABS,     JOSHES      AND     JVMBLES 


Hoi-an — Is   it    right    to   write   "alright"? 

Doran — No,  "alright"  is  not  right,  but  "all  right"  is  right 
to  write,  all  right.  Much  of  our  language  is  written  so  rotten 
that  to  write  right  is —  Ye  get  me  right,  Horan.  when  I  say 
that  many  of  our  wroters  have  wrotten  so  rotten — that  Is, 
their   wrotings    being   written    so    unright — 

Horan — Say,  Doran,  do  you  know  what  you're  sputterinff 
about? 


Doran — Well.     I    tlid    i 
language    to    apeak    right. 


rhen     I     started,      but — it's     a      hard 


This  issue  of  Power  is  dated  Apr.  1,  and  is  the  thirteenth- 
number  of  the  new  volume  of  1913.  A  jinx?  Not  on  that 
crayon  portrait  of  your  wife's  dear  mother!  Our  only  hard 
luck  is  that  we  can't  get  in  one  issue  all  the  good  stuff  that 
comes  in  weekly  from  our  correspondents  and  contributors; 
also,  that  we  are  so  dinged  modest  that  we  can't  print  some 
of   the    nice    things    our   readers   are   saying    about    us. 


.\ND    IT    ALMOST    H.\PPEXED 

Anybody  who  knows  Timothy  Healy,  national  president  of 
the  Eccentric  Firemen's  .\ssociation,  and  a  member  of  nearly 
everything  else,  including  the  Cold-water  Recruits  and  the 
Boy  Scouts — we  say,  anybody  who  knows  him  says  he's  the 
divvle  at  a  joke.  The  other  day  Tim  came  into  the  office  with 
Jack  Armour,  another  boy  comedian,  and  together  they  put 
one  over  on  Billy  Spills,  the  engineer  of  this  "Spillway  plant." 
They  started  In  to  scare  him  out  of  his  overalls — and  it  al- 
most   happened. 

"Hey,  Spills,  '  said  Jack,  "Tim  Healy  is  out  in  the  library 
with  blood  in  his  eye.  He  says  you  wrote  a  pome 
POWER'S  'Over  the  Spillway'  which  insinuated  that  he  was- 
trying  to  break  into  the  Pour  Hundred  by  joining  the  Spugs, 
or   Spuds,   or — anyway,   come  out  and  square   yourself." 

Billy  made  the  first  hundred  yards  on  one  foot,  but  he- 
nearly  dropped  when  he  beheld  a  fine  figure  of  a  man  with 
a  red — no,  a  brown  mustache,  and   red  in   his   eye. 

"Young  feller,"  says  Tim,  "you  have  traduced  the  fair 
name  of  an  honest  but  hardworking  man;  you  have  sown 
seeds  of  dissension  in  his  domestic  circle,  and  slaughtered  the 
peace  and  happiness  of  a  faithful  husband  and  loving  father; 
you  have —  What  do  you  mean?  Answer  me  qxiick,  before  I 
say   something"! —  and   it  almost   happened. 

"But — but,    Mr.    Healy — "    began    the   unhappy    Billy. 

"Butt    in    with    no    'huts';    I've    been    vilified,    slandered"-*- 

"Why,   Mr.    Healy,    it  was   all   a  joke!" 

"William,  I  haven't  slept  a  wink  since  nine  o'clock  this 
morning,  when  I  got  up,  for  the  mental  upset  you  have  given 
me  by  your  utterly  unwarranted  and  highly  inexcusable  im- 
pertinence. However,  for  a  Swede,  you  have  turned  out 
fair  Irish   pome,   and — - 

"Say,    Jack,    tell    him   we're    only   handing   him    some    of   his 
own    medicine.      It's    all    right,    William.      Jack    will    give    : 
the  Cremo  I  gave  him  a  while  ago:  I  don't  smoke   that  brand 
myself." 

And   it   almost   happened! 
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Notes  on  Superheating 

By  C.  R.  D.  Meier* 

lu  an  article  by  E.  D.  Dreyfus  in  the  April,  1913, 
Electric  Journal,  the  percentage  of  decrease  in  the  tur- 
bine water  rate  due  to  the  use  of  superheated  steam  is 
given  as  follows:  50  deg.  superheat,  5  per  cent.;  100 
deg.  superheat,  10  per  cent. ;  150  deg.  superheat,  14  per 
cent.  A  paper  entitled  "Recent  Developments  in  Steam 
Turbine  Practice,"  by  K.  Baumann,  read  before  the  Man- 
chester section  of  the  Institution  of  Electrical  Engineers, 
Jan.  16,  1012,  gives  the  following  figures:  0  to  100  deg. 
F.  1  per  cent,  improvement  on  the  steam  consumption 
for  every  10  deg.  F. ;  100  to  200  deg.  superheat  1  per 
cent,  improvement  of  steam  consumption  for  every  12 
deg.  F. 

Thi.s  paper  also  brings  out  another  important  point : 
the  efficiency  (referred  to  Raukine)  increases  consider- 
ably with  the  increase  in  superheat,  the  following  figures 
being  given :  For  100  deg.  superheat  2.5  per  cent,  better 
efiHciency  and  6.75  per  cent,  better  efficiency  for  200  deg. 
superheat. 

The  improvements  in  steam  consumption  and  turbine 
eflBciency  given,  due  to  the  use  of  superheat,  are  com- 
pared to  the  efficiency  and  steam  consumption  with  dry 
saturated  steam.  Ordinarily,  however,  steam  supposedly 
dry  will  cojitain  a  small  amount  of  moisture  which  causes 
a  reduction  in  efficiency.  According  to  the  paper  referred 
to,  the  efficiency  will  change  1  per  cent,  for  each  1  per 
cent,  variation  in  wetness,  and,  therefore,  steam  consump- 
tion measured  as  condensed  water  will  be  2  per  cent, 
higher  for  each  1  per  cent,  increase  in  moisture.  With 
reciprocating  engines,  the  presence  of  moisture  in  the 
steam  has  a  still  greater  detrimental  effect  as  it  greatly 
augments  cylinder  condensation.  For  this  reason  an  in- 
crea.se  in  economy  of  12  to  20  per  cent,  is  not  uncom- 
mon with  superheating  only  from  40  to  100  deg.  F.  (See 
"The  Steam  Engine,"  by  Perry. ) 

The  saving  in  coal  consumption  due  to  the  use  of  super- 
heated steam  is  not  as  large  as  the  percentage  saving  in 
steam  consumption ;  100  deg.  superheat  will  reduce  the 
steam  consumption  of  a  turbine,  say,  10  per  cent.  This 
means  that  instead  of  1  lb.  of  water  evaporated  under  dry 
and  saturated  conditions,  only  -^^  lb.  of  water  need  be  re- 
quired if  the  steam  be  superheated  100  deg.  Assuming 
the  feed  temperature  a.s  200  deg.  the  heat  absorbed  in 
the  boiler  for  1  11).  of  .steam  at  150  lb.  gage  without  super- 
heat is  1027  B.t.u.  The  heat  in  f^  lb.  of  steam  under  the 
same  conditions  is  924.3  B.t.u.,  the  difference,  102.7 
B.t.n.,  being  saved.  To  secure  tliis  saving,  10  deg.  super- 
heat must  be  ad(le<l  to  each  pound  of  steam.  According 
to  the  latest  steam  tables,  this  requires  57  B.t.u.  per 
pound,  or  51.3  B.t.u.  for  V^  lb.  This  amount  of  heat, 
adfli'd  as  superlieat.  saves  twice  as  mucli  heat.  102.7  B.t.u. 
n  the  boiler. 

It  may,  therefore,  i)e  said  that  iiy  using  sui)erheat('d 
itcain  there  is  obtained  a  fuel  economy  equal  to  half  the 
steam  .saving.  This  means  that  heal  imparted  to  a  super- 
heater is  just  twice  as  valuable  and  generates  just  twice 
18  much  power  as  heat  imparted  to  a  boiler. 

If  by  using  superheated  steam,  10  or  15  per  cent,  of  tlic 
Dlaiit  ca])a<ity  may  be  generated  for  just  half  the  cost  of 
he  remainder  of  the  output,  it  is  of  great  importance  that 
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the  superheat  for  which  the  turbine  or  engines  are  best 
adapted  be  determined  by  trials  and  then  maintained  con- 
tinuously. The  temperature  of  the  steam  should  not  be 
allowed  to  fall  below  the  mean,  since  economy  is  sacrificed, 
and,  on  the  other  hand,  the  temperature  should  not  be  al- 
lowed to  exceed  the  predetermined  mean,  as  troubles  with 
valves,  fittings  and  east  parts  are  likely  to  arise. 

When  the  economy  of  superheating  was  first  realized, 
superheats  as  high  as  300  deg.  were  sometimes  specified, 
and  superheaters  of  a  good  many  square  feet  of  surface 
installed.  It  was  found,  however,  that  steam  at  these 
very  high  temperatures  gave  a  great  deal  of  trouble  and 
caused  rupture  of  cast-iron  valves  and  fittings.  By  sub- 
stituting high-grade  cast  steel,  high  superheats  could  be 
carried,  but  the  added  cost  for  these  improved  fittings 
tended  to  counterbalance  the  added  returns  from  the  use 
of  higher  steam  temperatures.  As  a  result,  it  has  been 
found  that  the  highest  commercial  efficiency,  everything 
considered,  is  secured  by  the  u.<e  of  moderate  superheat, 
and  it  has  now  become  quite  general  practice  to  run  at 
from  125  to  150  deg.,  in  turbine  plants,  and  the  same 
or  somewhat  lower  superheat  in  reciprocating-engine 
plants,  where  a  low  superheat  eliminates  losses  from 
moisture  and  reduces  cylinder  condensation  without  caus- 
ing lubricating  troubles. 

The  temperature  to  wliicli  steam  will  be  superheated 
depends  upon  the  amount  of  steam  flowing  through  the 
superheater  tubes  and  its  temperature,  and  secondly  upon 
the  amount  of  gas  flowing  over  the  tubes  and  its  tem- 
perature. As  the  quantity  of  steam  is  controlled  by  the 
boiler  load,  and  the  temperature  of  the  saturated  steam  is 
practically  constant,  the  degree  of  superheat  added  will 
be  determined  by  the  amount  and  temiierature  of  the  hot 
gases,  which  will  in  turn  depend  on  the  design  and  ar- 
rangement of  boiler  and  superheater. 

There  are  numerous  methods  of  installing  super- 
heaters. First  may  be  considered  that  in  which  the  super- 
heater is  placed  in  the  path  of  the  combustion  gases  after 
they  have  passed  over  a  part  of  the  boiler-tube  surface.  As 
the  first  pass  in  such  boilers  absorbs  as  much  as  80  ]ier 
cent,  of  the  heat  in  the  ga.ses.  their  temperature  when 
passing  over  the  superheater  surface  is  comparatively  low, 
and  hence  the  superheater  surface  must  be  quite  large. 
It  is  difficult  to  obtain  adjustment  or  close  regulation  of 
su])crh('at  with  this  arrangement.  If  the  volume  of  com- 
bustion gases  and  their  temperature  varied  always  in  ex- 
act accordance  with  the  amount  of  steam  generated  and 
jiassing  through  the  sui)erheater,  the  degree  of  superheat 
would  be  i)ractically  constant.  But  the  amount  of  air 
u.sed  to  burn  a  pound  of  coal,  the  temperature  of  the  fire 
and,  therefore,  the  temperature  of  the  gases  after  they 
have  i>assed  over  part  of  the  boiler  surface  and  come  in 
tontact  with  the  sui)erheater  surface,  vary  even  with  con- 
stant boiler  load,  and  since  the  load  varies  with  boiler 
pressure  and  the  demand  for  steam,  there  are  likely  to  be 
wide  fluctuations  in  steam  temperature  when  a  super- 
heater is  installi'il  in  this  mnnner. 


Forty  mlmiti's  aflcr  thry  hart  bcon  rteclared  dead  from  suf- 
focation SLVen  out  of  twilvc  firemen  recently  overcome  by 
8mol<e  and  gas  during  the  rte.structlnn  of  the  \Ve8tlnRhou.se 
electric  plant  by  fire  In  Pittsburjrh.  I'enn..  were  revived  by 
pulmotors  at  a  ho.spltal,  and  owe  their  live.-!  to  thi.s  life- 
saving  Invention.  The  Bureau  of  Mines  has  a  full  equipment 
of  pulmotors  for  Its  life-saving  crew,  and  they  proved  suc- 
cessful In  many  Instances.  —  "Compressid   Air." 
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Air  Supply  and  the  Air  Receiver 


By  Frank  Richauds 


SYNOPSIS — A  specific  example  in  air  compression,  in 
ivhich  a  compressor  supplies  air  to  an  air  engine.  Also 
method  of  maintaining  constant  receiver  pressure. 

The  followiug  question  has  been  brought  to  my  notice 
with  a  request  for  an  answer  and,  no  doubt,  the  informa- 
tion contained  will  be  of  interest  to  Power  readers : 

'•If  an  air  compressor  has  a  capacity  of  90  cu.ft.  of 
free  air  per  min.,  and  delivers  it  at  90  lb.  gage  pressure, 
what  volume  does  the  compressed  air  occupy?  My  po- 
sition is  this:  I  have  an  air  engine  314x31/2  in.,  which 
is  to  be  run  by  an  air  compressor  rated  to  deliver  90  cu.ft. 
of  free  air  per  min.  at  90  lb.  pressure  and  250  r.p.m.  The 
engine  will  run  at  350  r.p.m.  intermittently  (about  3  min. 
with  6  min.  rest),  but  the  air  compressor  will  be  run 
continuously.  AVliat  size  reservoir  would  be  necessary  so 
that  the  pressure  would  not  drop  too  suddenly?  I  would 
like  to  have  the  calculations  on  this,  if  possible.  Also, 
how  many  cubic  feet  of  free  air  does  it  require  to  give  1 
cu.ft.  of  air  at  90  lb.  pressure? 

A.  The  question  at  the  end  of  the  above  is  covered  by 
the  one  at  the  beginning,  so  that  one  answer  will  cover 
that  part  of  it.  It  is  generally  better  to  call  the  normal 
atmospheric  air  pressure  1-1.5  lb.  instead  of  14.7  lb.  as  is 
customary,  because  we  are  generally  enough  above  sea 
level  to  make  this  a  better  average.  Then,  if  the  air  is 
compressed  to 

90  +  14.5  =  104.5  lb. 
the  volume  of  1  cu.ft.,  w-lien  compressed,  will  be 

14.5  -4-  104.5  =  0.1387  cu.ft. 
It  is  not  necessary  to  consider  whether  the  air  is  com- 
pressed isothermally  or  adiabatically,  or  what  may  be  its 
temperature  when  it  leaves  the  compressor,  as  it  will  cer- 
tainly lose  all  its  heat  before  being  used  and  then  the 
above  figures  will  apply. 

The  compressor  is  said  to  be  rated  at  90  cu.ft.  of  free 
air  per  min.  This  is  taken  to  be  the  builders'  rating 
based  upon  the  full  piston  displacement.  If  all  the  inefiB- 
ciencies  are  to  be  allowed  for,  there  must  be  at  least  20 
per  cent,  deducted  from  the  theoretical  capacity,  which 
would  make  the  actual  free  air  capacity  72  cu.ft.  and 
the  delivery  capacity  would  be 

72   X   0.1387  =   9.98  cu.ft. 
or,  say,  10  cu.ft.  per  min.  at  90  lb.  pressure. 

The  air  consumed  by  the  engine  at  full  pressure,  90 
lb.,  and  without  cutoff  will  be 

3.52  X  0.7854  X  3.5  X  2  X  350 
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13.04  cu.ft. 


To  this  25  per  cent.,  at  least,  should  be  added  to  cover 
clearance  and  other  losses,  making  the  consumption  17.05 
cu.ft.  per  min.,  at  90  lb.,  or 

17.05  -^  0.1387   =   122.92  cu.ft. 
of  free  air  per  min. 

As  the  compressor  would  run  all  the  time,  while  the  en- 
gine would  run,  according  to  the  statement,  only  one- 
third  of  the  time,  the  compressor  delivery  to  supply  the 
engine  should  be 

122.92  ^  3  =  40.97  cu.ft. 
of  free  air  per  min.  instead  of  72,  and  it  would  be  neces- 
sary either  to  slow  down  the  compressor  or  to  blow  off 


some  of  the  air  at  the  safety  valve.  If  the  compressor 
were  slowed  down  from  250  to  150  r.p.m.,  the  free  air 
capacity  per  minute  would  be  250:150:  :72:43.  The 
43  cu.ft.  would  be  about  right  for  the  case  as  stated. 

The  receiver  capacity  would  depend  upon  the  amount 
of  pressure  drop  that  would  be  permitted,  and  the  ques- 
tion does  not  tell  this.     Sav  that  the  air  receiver  has  a 


Uniform  Pressure  in  Air  Receiver 

capacity  of  100  cu.ft.,  and  is  filled  with  air  at  90  lb. 
pressure  when  the  engine  starts.  The  total  contents 
would  be 

100  ~  0.1387  =  720.9  cu.ft. 
of  free  air,  say,  721.     In  three  minutes'  run  of  the  com- 
pressor, it  would  put  into  the  receiver 

43  X  3  ==  129  cu.ft. 
of  free  air,  making  the  total 

721  +  129  =  850  cu.ft. 
In  the  run  of  three  minutes,  the  engine  would  take  oul 

122.9  X  3  =  368.7  cu.ft. 
of  free  air,  and 

850  —  368.7  =  481.3  cu.ft. 
of  free  air  or  its  equivalent  at  a  higher  pressure,  remain-  , 
ing  in  the  receiver.     Kow 

481.3  -^  100  =  4.81  cu.ft. 
of  free  air  to  each  cubic  foot  of  receiver  content,  and 
1:4.81:  :  14.5:  69.78.    The  pressure  would  be  69.78  lb. 
abs.,  or  55.28  lb.  gage  pressure,  which  would  probably  be  a 
greater  drop  than  the  case  would  allow. 

It  is  proper  to  remember  that  if  the  engine  kept  run- 
ning at  a  uniform  speed,  taking  out  a  constant  volume  of 
air  for  each  revolution,  the  pressure  drop  in  the  receiver 
would  not  be  as  great  as  above  computed  on  account  of 
the  gradual  expansion  of  the  air  as  the  pressure  was 
diminished,  but  it  is  evident  that  it  would  be  enough  to 
defeat  the  scheme  of  the  installation,  and  a  much  larger 
receiver  would  be  required. 

The  outcome  of  the  above  question  is  just  as  unsatis- 
factory as  it  always  is  when  dealing  with  an  air  receiver 
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as  usually  installed.  There  is  no  possibility  of  maintain- 
ing a  uniform  pressure  in  the  receiver  if  there  is  any  dif- 
ference in  the  relative  rates  of  compression  and  consump- 
tion, and  as  far  as  power  storage  service  is  concerned,  the 
receiver  might  as  well  not  be. 

Constant  Eeceiver  Pkessuee 

It  happens  that  in  most  places  there  is  water  under 
pressure  which  may  be  piped  to  the  receiver,  city  water 
service,  water  pumped  to  a  tank  on  the  roof  or  otherwise 
provided,  and  this  water  pressure  may  be  employed  to 
maintain  the  air  pressure  constant  in  the  receiver,  whether 
there  is  little  or  much  air  in  it,  so  that  the  entire  con- 
tents may  be  used  at  the  full  pressure,  even  if  the  com- 
pressor is  stopped,  or  it  may  be  used  fast  or  slow  within 
the  limits  of  air  supply  with  perfect  satisfaction. 

The  arrangement  is  about  as  simple  as  anj-thing  in  the 
world  can  be.  As  shown  in  the  sketch  there  is  a  vertical 
air  receiver,  and  near  the  bottom  of  it  an  open  pipe  con- 
nects the  interior  of  the  receiver  with  the  water  supply, 
so  that  the  water  pressure  is  always  the  pressure  in  the 
receiver.  At  the  top  of  the  receiver  is  an  air  pipe  con- 
necting the  receiver  with  the  compressor  and  the  air  be- 
ing used  is  taken  away  from  the  same  pipe  which  is  in 
connection  with  the  receiver.  No  valve  or  contraption 
of  any  kind  is  required,  not  even  a  safety  valve,  for  the 
pressure  can  never  exceed  the  constant  water  pressure. 


If  the  compressor  is  delivering  the  air  just  as  fast  as 
it  is  being  used  none  of  it  will  go  into  the  receiver  at  all 
but  will  pass  right  along  to  its  work.  If  the  compressor 
is  delivering  more  air  than  is  being  used  the  excess  of  air 
will  go  into  the  receiver  and  drive  the  water  down  in  the 
receiver  and  back  to  its  tank  or  reservoir.  If  there  is 
more  air  being  used  than  the  compressor  is  supplying,  the 
water  pressure  will  drive  air  from  the  receiver  into  the 
pipes  to  make  up  the  deficiency;  and  this  it  will  con- 
tinue to  do  until  the  air  is  all  out  and  the  receiver  is  full 
of  water.  There  is  not  even  any  waste  or  consumption 
of  water,  as  none  of  it  is  carried  off  or  escapes.  It  just 
plays  back  and  forth  between  the  receiver  and  the  water 
tank  or  reservoir,  as  will  be  evident  from  the  sketch  on 
the  opposite  page. 

If  there  is  a  reliable  water  pressure  obtainable  and  if 
it  is  not  just  the  pressure  desired,  this  can  be  varied 
by  locating  the  receiver  upstairs  or  downstairs,  on  the 
roof  or  in  the  cellar.  Placing  it  11  ft.  higher  will  reduce 
the  pressure  5  lb.  and  putting  it  11  ft.  lower  will  increase 
the  pressure  the  same  amount.  With  this  arrangement 
so  generally  available,  its  employment  should  add  much 
to  the  value  of  the  air  receiver  in  compressed-air  prac- 
tice. This  device  was  employed  in  magnificent  propor- 
tions by  Bruno  V.  Nordberg  for  the  reconstructed  hoist- 
ing plant  of  the  Anaconda  Copper  Co.,  located  at  Butte, 
Mont. 


Coal  Testing  under  Difficulties 


By  B.  S.  Hanson 


SYNOPSIS — It  was  impracUcable  to  weigh  the  coal  or 
water,  so  a  comparison  of  coals  was  viade  from  the 
proximate  analysis. 

A  short  time  ago  the  writer  was  called  upon  to  make 
a  comparative  test  of  two  different  grades  of  coal.  One 
grade  of  coal  had  been  used  for  some  years,  and  the 
other  was  a  sample  of  coal  submitted  by  a  coal  dealer. 
My  employers  desired  a  test  accurate  enough  to  show 
them  the  value  of  the  sample  coal  in  comparison  with  the 
regular  coal,  but  objected  to  any  extra  expense  in  making 
the  test. 

At  the  plant  the  coal  is  not  weighed,  the  car  weight 
being  accepted  without  question.  The  coal  cannot  be 
weighed  in  the  boiler  room,  as  it  is  of  necessity  dumped 
from  the  cart  so  close  to  the  boiler  fronts  as  to  leave  no 
room  for  scales  or  any  method  of  measuring.  The  coal 
cannot  be  dumped  anywhere  else  in  the  boiler  room  and 
nowhere  out  in  the  yard  near  enough  for  convenience. 
In  fact,  weigliing  the  coal  at  the  boilers  would  cause  great 
inconvenience,  and  the  expense  of  extra  help.  There  is 
no  scale  to  weigh  b}'  the  cartload. 

Even  if  the  coal  had  lieen  weighed  this  data  would 
have  been  of  little  use  without  the  corresponding  weights 
of  water  evajioratod.  On  looking  into  the  matter  of  get- 
ting the  water  weight  or  volume,  I  found  practically  the 
same  trouble  that  prevented  nie  from  getting  the  coal 
weights.  The  management  did  not  wish  to  purchase  a 
water  meter  nor  to  go  to  the  expense  of  altering  the  feed 
piping  and  pumps  so  as  to  allow  the  water  to  he  meas- 
Bsed  by  means  of  barrels. 

As  an  evaporative  test  was  out  of  the  question,  I  de- 


cided to  try  and  make  a  proximate  analysis  of  the  coals. 
The  only  apparatus  in  the  engine  room  was  an  old  pan 
scale  with  a  set  of  weights  in  drams.  The  dyer  had  a 
fine  chemist's  balance  with  a  complete  set  of  metric 
weights.  It  was  inconvenient  to  use  the  dyei"'s  balance, 
but  by  borrowing  a  spare  set  of  his  weights,  I  was  able 
to  test  and  correct  my  scale. 

The  coals  were  sampled  from  the  cartloads  as  they 
came  into  the  boiler  room  by  taking  shovelfuls  from  all 
parts  of  the  oad,  mixing  and  quartering  them  down  on  a 
large  iron  piate,  breaking  the  lumps  while  mixing  and 
finally  putting  a  2-lb.  sample  in  a  tin  can  with  a  clo.se- 
fitting  cover.  As  many  as  eight  samples  were  taken  from 
each  coal.  Each  of  the  2-ib.  samples  was  divided  into 
two  parts,  one  of  which  was  weiglied  on  an  accurate  scale 
and  put  over  the  boilers  to  dry  out;  the  other  half  was 
put  through  a  coffee  grinder  and  ground  as  fine  as  pos- 
sible. This  part  was  also  weighed  and  dried,  and  then 
both  samples  were  weighed  again  ai.d  from  the  loss  in 
weight  the  percentage  of  moisture  was  calculated.  The 
two  samples  agreed  very  closely,  the  fine-ground  sample 
showing  slightly  less  moisture  tliaii  the  other,  whirh  was 
accounted  for  by  the  drying  out  in  grinding. 

To  obtain  the  volatile  contents  a  sample  of  the  line- 
ground  coal,  of  about  3  gratis  weight,  was  placed  in  a  re- 
tort made  of  a  ly^xS-iu.  wrought-iron  nipple  with  a  cap 
screwed  on  each  end  and  a  small  hole  drilled  in  one  end 
to  permit  the  escape  of  the  gases.  This  retort  was  then 
heated  to  a  red  heat  in  the  flame  of  a  gasoline  blow- 
torcli,  which  was  concentrated  around  the  retort  by  means 
of  a  muffle  made  of  asbestos  millboard  and  firebricks.  The 
retort  was  kept  hot  for  15  uiin.  after  the  last  trace  of  gas 
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had  shown  at  the  escape  vent.  It  was  then  allowed  to 
eool,  the  coke  content  was  removed  and  carefully  weighed, 
and  the  ditterence  between  the  weights  of  the  coal  and 
coke  was  taken  as  the  weight  of  the  volatile  gases  in  the 
sample. 

The  coke  was  then  crushed  and  returned  to  the  retort 
and  one  of  the  caps  was  left  off.  The  retort  was  heated 
red  again  and  the  coke  was  gradually  burnt  to  ash,  which 
generally  took  about  two  hours.  After  the  ash  was  cooled 
off  it  was  weighed,  and  the  difference  between  the  weights 
of  the  coke  and  the  ash  was  taken  as  the  weight  of  the 
fixed  carbon.  The  diiferent  percentages  were  then  cal- 
tulated  from  these  weights.  In  this  way  I  was  able  to 
do  three  analyses  a  day  and  complete  24  analyses  in  a 
week  and  a  half. 

Samples  were  taken  from  the  coal  in  the  storage  piles, 
which  had  been  in  storage  six  months,  from  the  coal 
being  used  as  it  came  in  from  the  cars,  and  from  the  two 
sample  cars  of  the  new  coal  to  be  tested. 

After  the  analyses  were  nuide  the  results  for  each  coal 
were  averaged  and  the  heat  units  per  pound  calculated 
by  means  of  the  following  formula: 

Q  =  (Per  cent,  fired  carbon  X  146. .5  i  +  (Per  cent, 
■volatile  X  consianl  K) 

For  the  coal  in  use  A'  was  taken  as  180  and  for  the  new 
coal  as  200,  K  varying  according  to  the  percentage  of 
volatile  present.  Great  accuracy  is  not  claimed  for  this 
method,  but  as  both  coals  received  the  same  treatment 
the  results  were  accurate  enough  for  comparison.  At  the 
same  time  the  behavior  of  the  coals  in  actual  use  was 
carefully  watched  and  the  amount  and  character  of  ash 
noticed.  The  behavior  of  the  coals  was  about  what  would 
be  expected  from  the  analysis. 

The  results  of  the  analysis  are  given  in  the  accompany- 
ing table.  Coal  .4  was  the  regular  coal  taken  from  the 
cars,  B  was  the  same  kind  of  coal  taken  from  the  storage 
pile  and  G  was  the  new  coal.  Coal  A  and  i?  is  a  Cumber- 
land deep  vein  run-of-mine  and  was  then  known  as  boat 
coal.  Coal  C  was  reputed  to  be  from  the  George's  Creek 
district  and  was  all  rail  coal.  All  rail  coal  is  not  broken 
up  so  much  as  the  boat  coal,  being  handled  less.  Coal  A 
and  B  cost  $4.45  per  gross  ton  delivered  in  the  boiler 
room,  while  coal  C  co.st  $4.30  delivered. 

PROXIMATE  ANALYSIS  OF  COALS 


Coals 

Fixed  carbon 

Volatile 

Total  combustible 

A 

06  950 

22  430 

89  380 

3  OSO 

B 

67.757 
19.648 
87.405 
3  000 
9  595 
13.463 

Average  of 
AandB 
67  350 
21  040 
88  .390 
3  030 
8.580 
13,  654 

c 

67  375 
15  525 
82  900 
2  650 

Ashes 

B.t.u.  perlb 

7  570 
13,845 

14  4,50 
12,957 

Coal  A  and  B  is  a  high-grade  Eastern  free-burning  bi- 
tuminous coal.  Tt  smokes  a  little  and  the  ashes  clinker 
some  but  not  badly.  The  coal  makes  steam  well  with 
either  natural  or  forced  draft. 

Coal  C  is  a  fair  grade  of  semibituiuinous,  which 
smokes  very  little.  The  ash  content  is  high,  but  the  coal 
does  not  clinker.  This  coal  contains  no  more  fixed  carbon 
than  the  regular  coal  and  contains  5.49  per  cent,  less 
combustible.  In  comparison  with  .1  and  B  coal  C  stands 
as  follows  in  each  particular. 


Per  Cent. 
100.04 

Combustible 

Volatile 

Moisture 

Ash 

B.t.u 

93 .  79 
73.79 

87.46 

168,42 

,.     95.00 

In  comparing  the  cost  of  the  coals  add  to  A  and  B  3i/4c. 
per  ton  and  to  C  5^20.  per  ton  for  ash  removal.     Then, 


for  the  same  heat  value  as  given  by  a  ton  of  A  and  B  cost- 
ing $4.4825,  there  will  be  needed  1.053  tons  of  C  costing 
$4.5858,  or  lOVac.  more  than  A  and  B.  AVith  a  coal  con- 
sumption of  4500  tons  per  year,  the  increased  cost  of 
using  coal  ('  would  be  $464.85. 

The  ])ractical  test  showed  that  the  steam-raising  ca- 
pacity would  not  be  as  good  with  coal  C  as  with  .4  and 
B,  as  C  did  not  burn  freely,  needed  more  draft  and  made 
dirtier  fires.  To  burn  coal  C  to  advantage  and  maintain 
sufficient  steam  at  all  times,  it  would  have  been  necessary 
to  use  forced  draft  at  times  and  to  install  shaking  grates 
so  as  to  facilitate  the  removal  of  dirt  from  the  fire.  The 
increased  amount  of  ashes  .shown  by  the  analysis  of  coal 
C  was  confirmed  by  the  practical  burning  test,  here  the  ; 
increase  in  the  amount  of  ashes  was  so  large  that  the 
yardman  ciunplaincd  al)oiit  the  extra  work  of  removing 
them. 

After  receiving  the  report  the  manager  decided  to  stick 
to  the  old  coal.  He  brought  out  the  specifications  given 
by  the  dealer  who  sold  coal  A  and  B  and  it  checked  with 
the  analysis  very  closely.  The  firm  guaranteed :  fixed 
carbon,  66  to  68  per  cent. ;  volatile,  22  to  24  per  cent. ; 
sulphur,  not  over  2  per  cent.;  moisture,  2  to  4  per  cent.; 
ash,  5  to  7  per  cent, :  B.t.u..  not  less  than  13,500. 

System  in  Charging 

By  W.  li.  BooTii 

SYXOPSIS — .4  satire  on  a  system  of  charging  for  elec- 
tric current,  slio/rini/  its  ridicutous  features,  hij  applying 
the  principles  in   llie  conduct  of  a  country  store. 

Many  iiu'ii  have  worked  ail  their  lives  in  one  place. 
Such  a  one  was  Joe  Smith,  who  left  our  village  straight 
from  school  and  started  as  junior  clerk  at  the  big  elec- 
tric-light works  in  Blackborough  about  ten  miles  distant. 
He  would  come  home  occasionally  at  week  ends  and  holi- 
days and  we  had  then  the  opportunity  of  observing  the 
phases  through  which  he  passed  by  way  of  high-up  and 
low-down  types  of  callars,  turned  up  trousers,  hats  of 
various  brims  and  fancy  vests. 

His  father  kept  the  little  general  store  at  the  High 
St.  corner  and  managed  to  pay  his  way,  but  did  not 
amass  much  of  a  fortune.  Joe  sometimes  came  with  him 
to  the  inn  on  Saturday  evenings  and  was  wont  to  air  hia 
ideas  on  what  he  called  matters  of  commerce.  He  felt 
sure  that  his  father  was  not  in  the  right  path  financially, 
but  he  could  not  say  where  the  old  man  was  in  the  wrong, 
for  he  had  never  taken  any  interest  in  the  store.  But 
he  was  sure  he  could  make  plenty  of  money  by  a  propeg 
system  of  charging  such  as  he  had  learned  at  the  big 
works  at  Blackborough.  He  bragged  that  the  lightinffl 
■station  had  made  5000  pounds  deficit  last  year  and  it  mus^ 
be  a  paying  concern  if  it  could  pile  up  all  that. 

Joe  was  not  very  lucid  in  his  explanations,  but  we  un- 
derstood him  to  say  that  every  consumer  paid  four  pence 
a  unit  as  a  beginning  if  he  kept  one  lamp  or  any  num4 
her  of  lamps  alight  24  hr.  every  day  in  the  year ;  but  if 
he  lighted  fewer  lamps  he  paid  more  for  the  time  the 
fewer  lamps  were  lit,  and  if  he  had  an  evening  party  onc4 
a  quarter,  and  did  not  invite  the  station  engineer  or  thf 
secretary,  he  paid  double  for  all  the  current  used  tha^ 
quarter.  But  if  he  invited  the  engineer  this  man  woul^ 
bring  a  key  that  would  put  back  the  electric  meter  everj 
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other  day  not  being  the  fourth  day  of  each  alternate 
week  after  the  party.  And  he  told  us  of  other  rules  and 
exceptions  and  of  the  army  of  clerks  calculating  the  fines 
on  the  poor  widows  who  did  not  use  enough  electricity, 
and  making  up  the  big  discounts  for  the  rich  men  who 
had  parties  every  night. 

The  whole  business  was  explained  by  Joe  to  be  a  sort 
of  cross  betwixt  the  system  of  maximum  demand  and 
minimum  light  and  the  undulating  flat  rate  constant 
low-voltage  system,  and  if  his  father  would  condescend 
to  learn  from  him  he  would  put  his  store  books  in  order 
and  start  him  on  a  sound  system. 

So  the  old  man  went  off  for  a  holiday  and  Joe,  who 
was  taking  a  summer  vacation,  started  in  to  run  the 
store  for  a  week.  Joe  spent  all  Sunday  looking  into  the 
customers'  names  and  books,  and  was  ready  for  action  on 
Monday,  letting  down  the  shutters  at  8  a.m. 

Old  Granny  was  his  first  customer;  item,  a  penny 
bloater — charge,  two  pence  instead  of  the  old  price  of  one 
penny.  Joe  explained  that  Granny  only  bought  two  bloat- 
ers a  week  at  a  high  rate  of  maximum  daily  demand.  Then 
he  sold  60  bloaters  for  a  half  penny  each  to  a  fellow  who 
had  been  watching  the  game  and  who  promptly  distributed 
them  at  %  pence  each  to  a  crowd  outside  whom  he  called 
a  "syndic."  Joe  made  the  curate  pay  a  fine  of  six  pence 
on  his  groceries,  and  explained  to  him  that  if  he  would 
come  in  and  buy  one  shilling's  worth  every  day  instead  of 
six  shillings'  worth  a  week  he  could  have  a  bonus  of  two 
pence  a  day  and  so  save  18  pence  a  week  by  his  more 
level  demand. 

Mrs.  Brown,  who  had  bought  a  loaf  of  bread  about 
twice  a  week,  was  charged  six  pence  in  place  of  four  pence 
a  loaf.  The  vicar,  who  was  accustomed  to  buy  three  or 
four  cases  of  mineral  water  at  one  time,  had  3.51/4  per 
cent,  added  to  the  price,  but  was  told  he  should  call  twice 
a  day  for  a  bottle  at  a  time  and  would  then  be  given  a 
discount  of  11%  per  cent.  The  vicar  had  been  senior 
wrangler*  at  Cambridge  and  these  fine  figures  were  Joe's 
concession  to  a  brother  mathematician. 

This  sort  of  thing  went  on  for  a  week,  but  whatever 
else  it  did,  it  did  not  increase  output.  Joe  would  come 
around  to  the  pub  after  closing  time  and  discuss  the 
question  of  the  strain  made  by  the  heavy  demand  for 
whole  cases  of  stuff  and  of  the  small  profit  made  on  one 
penny  bloaters.  Sam  Jones  tried  to  show  him  it  did  not 
really  cost  him  much  to  sell  bloaters,  for  peojilc  went  into 
the  shop  and  |)ut  down  a  penny  and  just  lifted  the  fish 
and  said,  '■Morning"  and  cleared  off.  This  sort  of  thing 
he  said  went  on  all  day  and  a  crate  of  the  blessed  things 
had  gone  V)y  night,  yet  there  were  never  more  than  two 
buyer.s  of  bloaters  in  the  shop  at  one  time  and  it  was  the 
one-at-a-tinie  buyers  who  got  rid  of  the  cratcful  apd  not 
the  three  families  who  bought  each  six  fish  a  week. 

Joe  positively  refused  to  sell  a  hundredweight  of  pota- 
toes to  the  manager  of  the  brush  factory,  wljo  had  a  big 
family  and  bought  things  in  fairly  large  quantities.  "It 
didn't  matter,"  said  Joe.  "So  much  the  worse  for  a  man 
if  he  bought  a  ton  at  a  time,  for  his  demand  factor  was 
low  and  his  maximum  demand  was  cruelly  high."  The 
big  families  in  the  town,  before  the  week  end,  wore  send- 
ing their  children  every  half  hour  for  an  egg  or  half 
an  ounce  of  salt  and  a  dozen  beans  and  Joe  was  run  off 
his  legs  ki>oping  pace  with  the  demand. 

•The    hlghtst    honor   man    In    a    mathematics    examination. 


During  the  first  two  days  his  receipts  had  increased  .50 
per  cent.,  but  during  the  last  four  days,  when  people  had 
learned  the  value  of  a  steady  purchase  rate,  the  output  of 
goods  went  up  considerably,  the  receipts  fell  to  about 
three-fourths  and  the  profits  to  zero.  Joe  had  achieved 
the  deficit  of  which  he  was  so  proud  in  the  case  of  a  big 
station  at  Blackborough.  The  old  man  was  very  patient 
about  it.  He  told  Joe  that  he  liked  the  little  customers, 
"They  mounts  up  in  the  course  of  a  day  and  I  learns 
things  from  them,  and  they  keeps  me  alive." 

The  chairman  of  Joe's  company  lives  in  our  village,  or 
in  a  big  house  just  outside,  and  he  had  seen  all  that 
had  gone  on  in  the  week  of  Joe's  experiment.  It  is  re- 
ported that  he  has  decided  to  change  the  system  of  charg- 
ing at  the  Blackborough  works.  He  had  not  thought  of 
the  matter  before,  being  only  a  director  and  the  chairman, 
but  now  he  had  really  looked  into  the  matter  and  could 
not  think  how  such  a  rotten  system  of  charges  had  been 
brought  about.  He  was  heard  to  say  it  was  up  to  the 
electricians  to  sell  stuff  at  fair  rates  to  all  and  that  it 
was  time  they  learned  the  effect  of  diversity  of  demand, 
for  they  had  simply  choked  off  the  best  part  of  the  de- 
mand and  sold  below  cost  to  the  survivors. 

Preservation  of  Technical  History 
Urged 

Last  fall.  Dr.  C.  Matschoss,  on  behalf  of  the  Verein 
deutscher  Ingenieure,  visited  this  country  to  study  our 
technical  progress  in  connection  with  his  historical  re- 
searches. Since  his  return  to  Germany  he  has  addressed 
a  communication  to  the  American  engineering  societies, 
acknowledging  his  gratitude  to  the  various  societies,  in- 
stitutions and  individuals  who  were  of  service  to  him 
in  his  quest  for  information,  and  urging  that  the  so- 
cieties interest  themselves  in  collecting  material  for  the 
history  of  American  technics  and  industry. 

After  outlining  his  own  work  during  the  past  fifteen 
years  and  the  work  of  others  in  Germany  and  elsewhere 
abroad  in  compiling  such  histories  as  the  development 
of  the  iron  industry,  the  steam  engine,  the  locomotive, 
the  electrical  industries,  etc..  Dr.  Matschoss  continues 
with  the  following  plea  for  the  work : 

We  need  the  history  of  toohnics  in  the  same  way  as  we 
need  the  history  of  any  other  human  work.  If  we  under- 
stand the  grreat  influence  of  all  engineerlns:  work  on  the  de- 
velopment of  our  culture  and  civilization — and  nobody  can 
now  deny  this  influence,  in  the  United  States,  least  of  all — 
It  follows  that  we  cannot  lonser  neglect  the  history  of  this 
evolution.  It  is  not  possible  to  write  the  history  of  mankind 
and  leave  out  the  works  of  the  engineers.  Why  have  we  no 
history  of  technics  but  hundreds  of  histories  of  wars,  politics, 
etc.?  The  history  of  technics  can  be  written  only  by  engi- 
neers or  by  the  help  of  engineers.  Durlnir  the  last  century 
the  enKlneers  have  spent  their  whole  time  in  making:  history 
and  no  one  has  had  time  to  write  It  down:  now  It  must  be 
chaneed.  Among  the  thousands  and  thousands  of  engineers 
we  should  find  one  or  two  willing  to  work  In  the  historical 
line.  And  it  Is  time  to  do  that,  for  every  year  we  lose 
prominent  pioneers,  and  too  often  we  forget  with  them  that 
which  they  have  done  for  mankind. 

We  need  the  history  of  technics  also  as  a  source  ot  en- 
thusiasm and  Idealism  for  our  younger  generation.  Nothing 
that  Is  great  in  the  world  is  done  without  Idealism.  History 
shows  us  In  the  characters  of  the  great  Inventors  and  pion- 
eers some  of  the  greatest  Idealists  who  have  ever  lived.  We 
must  tell  the  lives  and  deeds  of  these  men  to  our  young 
students.  We  should  not  forget  that  behind  all  our  machines 
and  other  great  engineering  works  made  of  Inanimate  ma- 
terial stand  living  men.  The  prominent  engineers  of  today 
know  that  often  It  Is  more  dllTnult  to  handle  men  than  ma- 
chines.     Therefore   we    must    learn    to    understand    the    work 
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of  the  men  in  the  technics.  Also  in  social  interests  such  a 
history  would  have  great  value  in  our  days. 

We  need  the  history  of  technics  because  no  really  educated 
man  can  be  content  to  know  a  few  facts  only,  he  wishes  to 
know  the  evolution.  Many  outside  the  engineering  profes- 
sion admire  technical  industry  and  are  astonished  at  certain 
results,  but  they  do  not  like  technics  because  they  know 
nothing  of  the  growth  of  all  these  works,  they  cannot  see  the 
men  who  stand  behind  all  the  iron  and  steel.  Therefore  I 
believe  that  a  really  great  history  of  technics  is  also  the  best 
means  of  increasing  the  reputation  of  the  engineering  pro- 
fession. 

Many  ways  will  be  possible  to  help  forward  these  histori- 
cal researches.  It  is  not  my  task  to  suggest  what  you  may 
do  in  this  direction,  but  I  trust  that  in  America,  so  justly 
celebrated  for  its  energy  and  initiative,  a  way  will  be  found 
if  there  is  a  will. 


For  Engineering  Experiment  Station 
in  Ohio 

The  Ohio  Society  of  Mechanical,  Electrical  and  Steam  En- 
gineers, in  view  of  the  unquestionable  advantage  to  the  in- 
dustrial and  manufacturing  interests  of  Ohio  of  a  state  en- 
gineering experiment  station,  recently  passed  the  following 
resolutions: 

Whereas,  the  manufacturing,  industrial  and  engineering 
interests  of  the  state  of  Ohio  are  taxed,  but  are  not  aided  and 
fostered  by  any  scientific  and  technical  department  of  the 
state    government,    and. 

Whereas,  these  interests  form  a  large  part  of  the  wealth- 
producing   and    tax-paying   resources    of   the   state,    and. 

Whereas,  many  of  the  states  of  the  union  foster  these  in- 
terests by  the  establishment  and  maintenance  of  an  engineer- 
ing   experiment    station,    therefore, 

Be  it  resolved,  by  the  Ohio  Society  of  Mechanical,  Elec- 
trical and  Steam  Engineers  in  session  at  its  twenty-sixth 
semi-annual  meeting,  in  the  city  of  Akron,  that  this  society 
commends  the  idea  of  the  establishment  of  an  engineering 
experiment  station  at  the  Ohio  State  University  for  the  bene- 
fit of  the  people  of  the  state  engaged  in  the  manufacturing, 
mineral,  transportation  and  other  industries  of  the  state;  and 
that  we  call  upon  the  General  Assembly  to  approve  and  sup- 
port all  reasonable  efforts  looking  to  the  establishment  of 
such  an  engineering  experiment  station;  and  further  resolved 
that  the  members  of  this  society  as  citizens  urge  upon  the 
General  Assembly  and  its  individual  representatives  and  sen- 
ators the  great  desirability  of  passing  a  bill  for  the  creation 
of  the  station  and  of  appropriating  adequate  funds  for  its 
support. 


Forty-Fifth  Anniversary  of  the  Albany 
Lubricating  Co. 

Forty-five  years  ago,  in  1S6S,  the  firm  of  Adam  Cook's  Sons 
was  founded  in  Albany,  N.  Y.,  as  the  Albany  Lubricating  Com- 
pound &  Cup  Co.  Its  founder,  Adam  Cook,  was  a  man  of 
energy  and  perseverance,  and  the  company  was  the  direct 
result  of  conditions  at  that  time,  when  oil  was  the  onlj'  prac- 
tical substance  used  for  lubrication  and  as  suitable  means  for 
applying  it  were  not  generally  understood,  it  was  costly  and 
inefficient.  The  main  dra"5\^back  was  that  a  large  percentage 
of  the  oil  would  drip  away  before  it  had  accomplished  its 
object  of  reducing  friction.  While  many  engineers  of  that 
time  devoted  their  energy  to  the  perfection  of  some  suitable 
method  of  applying  oil  to  bearings,  Adam  Cook  determined 
to  try  and  make  some  change  of  the  lubricant  itself.  He 
spent  many  days  in  testing  out  innumerable  combinations  of 
mineral  and  animal  oils  and  grease  until  he  finally  produced 
a  compound  which  he  called  "Albany  Lubricating  Compound." 
The  engineers  soon  called  it  "Albany  Grease"  and  it  has  ever 
since   been    known    by    that    name. 

The  Albany  plant  was  outgrown  in  four  years  and  in  1S72 
larger  quarters  were  secured  in  New  York  City,  at  231  West 
St.,  New  York  City.  In  1S81  it  was  found  necessary  to  move 
to  still  larger  quarters  at  313  West  St.  Additions  were  con- 
tinually made  to  meet  the  growing  demands  for  its  product, 
but  it  was  finally  decided  to  concentrate  the  different  depart- 
ments and  plan  the  manufacturing  system  according  to  mod- 
ern principles  and  to  bring  under  one  roof  all  of  the  various 
departments  of  the  business.  After  30  years  the  West  St. 
plant  was  abandoned  and  the  present  modern  commodious 
plant  at  708-710   W^ashington   St.  was   placed    in   service. 


This  modern  fireproof  plant  is  a  monument  to  Adam  Cook, 
a  man  who  saw  a  need  and  had  the  courage  and  persever- 
ance to  work  until  he  had  the  correct  solution,  but  more  im- 
portant as  a  reminder  of  the  man  who  perfected  the  modern 
lubricating  compound,  is  the  millions  of  grease-filled  cups  in 
the  mills  and  factories  of  the  land,  in  the  mines  and  on  the 
railroads     and     automobiles,     and     finally     in     the     air. 


NEW     PUBLICATIONS 


STEAM  TURBINES,  Their  Theory  and  Construction.  By  H. 
Wilda.  Translated  from  the  German  by  Chas.  Salter. 
Scott,  Greenwood  &  Son.  London,  1912.  Pages,  191;  4>4x7 
in.;  cloth;   illustrated.     Price,   $1.25. 

The  literature  of  the  steam  turbine  grows  apace  (at  least 
as  measured  by  the  number  of  volumes  devoted  to  it).  There 
has  been  enough  development  to  furnish  material  for  many 
books,  each  individual  in  its  matter  or  method,  or  both. 
Klach  author  must  think  that  he  has  new  material  to  present, 
or  at  least  new  ideas  as  to  the  manner  of  its  presentation, 
but  if  one  were  to  sift  them  for  one  comprehensive  work  he 
would    find    much    that    had   been    duplicated. 

The  author  of  the  book  under  review  spares  us  any 
prefatory  excuse  or  explanation  as  to  how  he  happened  to  do 
It.  He  does,  however,  furnish  a  table  of  the  nomenclature 
adopted  throughout  the  book,  a  practice  decidedly  to  be  com- 
mended. 

The  book  is  divided  into  five  chapters,  the  first  of  which 
treats  of  entropy,  the  flow  of  steam,  critical  velocity,  and 
classification  of  turbines  according  to  the  arrangement  of  the 
vanes.  The  second  chapter  deals  somewhat  mathematically 
with  the  flow  of  steam  through  the  steam  turbine.  Chapter 
III  takes  up  the  details  of  steam  turbines.  Chapter  IV  their 
general  arrangement.  Chapter  V  condensers,  and  the  utiliz 
tion  of  exhaust  steam,  and  Chapter  VI,  practical  applications 
of  steam   turbines 

ENGINEER'S  HANDBOOK  ON  PATENTS.  By  William  Ma- 
comber.  Lecturer  on  the  Law  of  Patents  in  the  Cornell 
University  College  of  Law.  Published  by  Little,  Brown  & 
Co.,  Boston.  Flexible  leather;  270  pages  414x7  in.;  6  il- 
lustrations; table  of  contents  and  index  to  sections. 
Price  $2.50. 

This  is  a  handbook  addressed  to  engineers,  inventors  and 
manufacturers,  not  so  much  as  a  treatise  on  the  patent  law 
as  a  convenient  handbook  of  special  value  to  those  inter- 
ested in  deciding  the  essentials  of  a  good  patent  and  prop- 
erty rights  in  patents.  The  work  attempts  to  cover  the 
subject  by  giving  practical  answers  to  the  questions  of 
what  a  patent  is,  what  invention  consists  of,  what  is  patent- 
able and  what  constitutes  novelty;  and  to  shed  light  upon 
the  problems  of  obtaining  a  good  patent,  of  knowing  what  a 
patent  covers,  patent  litigation  and  property  rights  in  pat- 
ents. 

Legal  phraseology  and  terminology  have  been  omitted  as 
far  as  practicable  and  the  style  of  the  author  is  calculated  to 
be  both  clear  and  acceptable  to  the  average  layman.  A  study 
of  the  book  should  enable  the  user  to  avoid  lines  of  thought 
which  have  resulted  in  failures  on  the  part  of  other  in- 
ventors and  enable  him  to  secure  the  full  benefits  of  a  suc- 
cessful invention,  the  explanation  of  what  is  patentable  be- 
ing clearly   detailed. 

The  problem  of  property  rights  is  clearly  set  forth  in  the 
closing  chapter,  and,  as  information  to  inventors  and  engi- 
neers, is  well  treated  by  the  author,  who  truthfully  says 
that  "  it  is  a  subject  which  concerns  the  engineer  vitally  and 
perhaps  more  frequently  than  any  other  in   the   patent   law. 

Statements    in    the    text    are    fortified    by    quotations    from  i 
the  court   decisions   referred   to   and  good   indexing  and   para- 
graphing  render   the   subjects   of  the   work   readily  accessible. 

FOUNDATIONS  AND  MACHINERY  FIXING.  By  Francis  H. 
Davis.  D.  Van  Nostrand  &  Co.,  New  York.  Semifiexible 
cloth;   146  pages;  illustrated;  4x6^/2    in.     Price,    $1. 

This  little  work  is  at  least  unique  in  affording  a  separate 
treatise  on  a  subject  which  has  been  strangely  neglected  as 
a  specialty  in  engineering  publications.  Except  for  occa- 
sional articles  in  the  technical  press,  there  is  practically 
no  literature  on  the  subject.  The  importance  of  good  foun- 
dations for  engines  and  machinery  is  so  widely  recognized 
that  the  author's  efforts  should   not  fail   of  appreciation. 

The  "work  will  be  found  especially  valuable  to  that  class 
of  practical  engineers  who  are  only  occasionally  required  to 
decide  upon  provisions  for  engine  foundations,  and  although 
the  author's  treatment  of  his  subject  may  be  disappointing 
to  those  who  may  seek  entertainment  in  theoretical  specula- 
tions,  the   latter  class  of  readers  may  be  awakened  to   prac- 
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tical  methods  of  meeting  problems  that  baffle  mathematical 
computation. 

The  subject  is  divided  into  ten  chapters  and  is  treated 
under  the  heads  of  functions  of  foundations,  nature  of  soils, 
designs  of  foundations  for  engines,  turbines  and  electric 
generators,  the  materials  and  construction  of  foundations, 
holding-down  bolts,  causes  and  effects  of  vibration  and 
methods  of  insulation. 

The  reader  is  furnished  with  15  tables  of  data  pertaining 
to  the  bearing  power  of  soils,  the  proportions  and  weights  of 
foundations  successfully  employed  for  various  types  of  steam, 
gas  and  oil  engines,  dimensions  of  anchor  bolts  and  plates, 
etc. 

Although  written  by  an  English  author,  the  work  is  re- 
markably free  from  terms  and  expressions  unfamiliar  to 
American  engineers,  is  written  in  a  clear  style,  printed  in  a 
readable  type,  and  is  well  illustrated. 

THE  THEORY  AND  PRACTICE  OP  MECHANICS.  By  S. 
E.  Slocum,  professor  of  applied  mathematics.  University 
of  Cincinnati.  Published  bv  Henry  Holt  &  Co..  New  York, 
1913.      Pages,    442;    illustrated;    cloth.      Price,    $3. 

This  is  intended  primarily  as  a  textbook  for  students  in 
engineering  colleges,  and  is  well  suited  for  that  purpose,  the 
theoretical  principles  developed  being  applied  to  the  solution 
of  practical  engineering  problems.  It  should  also  prove  use- 
ful as  a  reference   book   for  designers. 

The  text  is  divided  into  eight  parts:  Tables  of  mathemati- 
cal and  physical  constants,  kinematics,  fundamental  dynamical 
principles,  statics,  friction  and  lubrication,  kinetics  of  parti- 
cles, kinetics  of  rigid  bodies  and  dynamics  of  rotation. 

Under  the  subject  of  kinematics  the  difference  between 
linear  and  angular  velocity  should  have  been  pointed  out, 
and  this  illustrated  by  application  to  problems  on  kinematic 
linkages.  Also  the  kinematics  of  rolling  cylinders  and  cones, 
parallel  and  straight  line  motions  should  have  been  included 
under   the   applications   of   kinematics. 

Work,  power,  fundamental  and  derived  units  are  clearly 
defined,  and  the  treatment  of  simple  structures  is  illustrated 
by  well  selected  practical  problems. 

The  subject  of  friction  is  especially  well  treated.  Tables 
are  given  for  the  average  values  of  the  coefficient  of  friction 
for  various  substances  and  for  mechanical  efficiencies  of  vari- 
ous machine  elements  and  prime  movers.  The  average  effi- 
ciencies given  for  electric  motors  and  generators  appears 
somewhat  high.  The  part  dealing  with  roller  and  ball  bear- 
ings is  very  complete  and  practical,  being  illustrated  by  cal- 
culations of  the  size  of  bearings  for  passenger  cars  in  railway 
service.  Under  friction  transmission,  paper  and  iron  friction 
wheels  are  described  and  compared  with  toothed  iron  gearing. 

The  chapter  dealing  with  the  kinetics  of  particles  and  of 
rigid  bodies  are  extremely  theoretical,  and  most  of  this  could 
well  be  omitted  in  a  course  on  mechanics  given  to  engineer- 
ing students.  The  sections  dealing  with  moment  of  inertia 
should  have  included  solutions  for  sections  usually  used  in 
engineering  practice,  as  a  book  on  practical  mechanics  should 
form   the  basis  for  the  study  of  the  strength  of  materials 

Derivations  of  governor  and  flywheel  formulas  are  given 
in  a  very  simple  and  practical  manner.  The  calculation  of  the 
weight  of  a  flywheel  for  an  engine  capacity  in  kilowatts  is 
Inaccurate,  the  author  converting  indicated  horsepower  into 
kilowatts  by  multiplying  by  0.746  without  taking  into  consid- 
eration mechanical  and  electrical  losses.  The  dynamics  of  the 
engine  is  well  presented  and  the  balancing  of  reciprocat- 
ing stationary  engines  and  locomotives  is  given  in  detail. 
Gyroscopic  action  is  also  considered  at  some  length,  and  Its 
application  is  Illustrated  by  the  monorail  car  and  automobile 
torpedo. 

In  general,  the  whole  subject  matter  of  the  book,  and 
especially  the  part  dealing  with  dynamics  of  rotation.  Is  pre- 
sented clearer  and  In  a  more  definite  and  practical  manner 
than  in  most  books  on  the  subject. 

DESIGN  AND  CONSTRUCTION  OF  STEAM  TITRBINES.  By 
Harold  Medway  Martin,  Longmans,  Green  &  Co.,  New 
York,  272  pages;  7»^xl0%  In.;  illustrated;  cloth.  Price 
*8.B0. 

This  work  Is  founded  largely  upon  and  consists  In  large 
Oart  of  articles  by  the  same  author  which  have  had  the  ad- 
vantage of  previous  presentation  and  discussion  In  the  col- 
umns of  "Engineering."  The  first  chapter  defines  concisely 
the  Impulse  and  reaction  types  by  comparison  with  Pelton 
ind  Glrard  waterwheels.  Chapter  II  deals  with  guide  blades 
ind  nozzles  and  Chapter  III  with  their  cindency.  This 
akes  care  of  the  steam  element  not  only  of  the  stator,  but 
)f  the  rotor  of  the  reaction  machine,  leaving  only  Impulse 
luckets  to  be  treated,  and  these  form  the  subject  of  Chapter 
V.  The  correction  for  departure  from  adiabatic  expansion, 
.e„  the  effect  of  nozzle  and  blade  efficiency  upon  volume  and 
'eloclty  Is  then  considered. 
For   the   purpose   of   reducing  actual   performances   to   other 


conditions  of  pressure,  superheat  and  vacuum  correction 
curves  are  used.  Superheat  corrections  are  practically  ident- 
ical for  every  type  of  turbine  and  over  a  wide  range  are 
nearly  independent  of  the  initial  pressure.  The  gain  by  su- 
perheating is  much  greater  than  that  theoretically  due  from 
the  increased  temperature  of  the  steam.  The  gain  from  in- 
creased vacuum,  however,  is  almost  invariably  less  than  that 
theoretically  due,  and  the  vacuum  correction  is  not  the  same 
for  all  turbines.  The  effect  of  increased  initial  pressure  can 
be  reduced  to  a  vacuum  correction.  If  the  initial  and  final 
pressures  are  increased  in  the  same  ratio,  the  efficiency  of  the 
turbine  is  almost  unaltered.  Seven  correction  diagrams  for 
superheat,   pressure  and  vacuum  are  given. 

The  succeeding  nine  chapters  are  devoted  to  turbine  de- 
sign, and  Chapter  XVI  to  the  thermodynamic  principles  in- 
volved. The  author  then  takes  up  such  details  as  balancing; 
dummy  and  gland  packings;  high-speed  bearings;  the 
strength  of  rotary  disks;  and  geared  turbines;  and  steps  a 
little  aside  from  his  subject  to  devote  a  chapter  to  the  con- 
denser. Illustrated  descriptions  are  then  given  of  the  De 
Laval  turbine;  velocity  compounded  turbines;  the  compound 
impulse  turbine;  the  Parsons  type;  disk  and  drum  turbines, 
and  the  Ljungstrom  turbine.  This  portion  is  accompanied  by 
a  large  number  of  plates  illustrating  the  various  turbines  in 
detail,  and  it  is  evidently  these  folding  plates  which  have  ne- 
cessitated the  rather  more  than  ordinary  size  of  volume.  The 
book  is  excellently  printed  in  large  type  and  contains  much  of 
interest,  even  to  the  man  who  cannot  follow  the  mathemati- 
cal  treatment   of  the   more   involved   chapters. 


Frank  P.  Ohmer,  chief  engineer  for  the  Indiana  &  Michi- 
gan Electric  Co.,  South  Bend,  Ind.,  dropped  dead  from  heart 
failure,  Mar.  3,  while  inspecting  some  of  the  machinery  at  the 
power  plant.  Mr.  Ohmer  was  well  known  throughout  the 
Middle    West. 


Sanford  H.  Smith,  formerly  of  the  Allied  Publishing  Co., 
has  become  associated  with  the  "Isolated  Plant  Magazine,  ' 
New   York  City,  in  the  capacity   of  managing   editor. 

A.  M.  Houser,  mechanical  expert  for  the  Crane  Co.,  Chi- 
cago, 111.,  although  busy  in  connection  with  the  Bridgeport, 
Conn.,  branch  of  the  company,  found  time  to  visit  this  office 
a  few  days  ago. 

G.  G.  Ross,  of  Ross  &  Taggert,  consulting  engineers, 
114  Liberty  St.,  New  York  City,  has  returned  to  the  home 
office  after  a  year's  absence.  Mr.  Ross  has  been  reorganizing 
a   large   manufacturing   plant. 

W.  A.  Ostrom,  chief  electrician  in  the  Saskatoon  (Sask.) 
power  house  for  the  past  year,  has  resigned  to  enter  again 
the  employ  of  the  Canadian  General  Electric  Co.  as  superin- 
tendent   of   construction    In    the    West. 

C.  R.  Smith,  designer  of  stations  for  the  General  Electric 
Co..  who  has  been  in  charge  of  the  reconstruction  work  of  the 
Newport  News  &  Old  Point  Railway  &  Electric  Co.,  at  Hamp- 
ton, Va.,  has  returned,  having  completed  the  rebuilding  of 
the  station   and  Ice-making  plant. 


An  amusing  instance  of  undue  prejudice  In  regard  to  the 
goods  of  different  manufacturers  was  recently  quoted  in  con- 
nection with  the  working  of  the  recent  act  for  the  suppres- 
sion of  illicit  commissions.  A  certain  engineer-in-charge 
praised  some  lubricating  oil  supplied  by  A  and  condemned  the 
oil  supplied  by  a  competing  firm  B.  The  plant  owner,  sus- 
pecting the  existence  of  some  outside  Influence,  secretly 
changed  over  the  contents  of  the  olldrums  submitted  by 
the  different  firms  and  asked  the  engineer  to  give  both  oils  a 
further  trial.  In  ignorance  of  the  substitution,  the  engineer 
continued  to  give  unciuallfled  approval  to  the  contents  of  As 
drum,  and  similar  condemnation  to  the  oil  In  B's  drum.  We 
do  not  know  what  happened  to  the  engineer,  but  he  no  doubt 
learned  a  very  useful  lesson.  There  Is.  of  course,  a  moral  for 
the  employer,  and  that  Is,  the  more  poorly  paid  a  servant  Is. 
the  more  susceptible  he  is  likely  to  be  to  financial  Induce- 
ments to  betray  his  trust.  In  theory  this  argument  should 
not  apply,  but  human  nature  Is  a  very  difficult  thing  to 
bring   closely   Into   line   with    theory. — "The    Power   User." 
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Bituminous  Coal  Sizes 

Eelative  to  bituiiiiuous  coal  sizes  the  Bureau  of  Mines 
infonns  us  as  follows : 

Bituminous  coals  are  not  prepared  by  systematic  sizes. 
In  all  of  the  bituminous  coal  fields  a  great  deal  of  coal 
is  shipped  as  "ruu-of-mine."  In  the  coal  fields  of  Penn- 
sylvania, Ohio  and  AVest  Virginia,  a  considerable  part  of 
the  coal  is  merely  screened  through  bars  about  IV^  in. 
apart.  In  the  Middle  AA'est  the  coal  is  usually  screened 
over  shaking  screens  with  round  holes.  The  coal  pass- 
ing through  a  6-  or  8-in.  diameter  hole  and  over  a  3- 
or  4-in.  hole  is  called  small  or  railroad  lump;  the  coal 
through  a  screen  with  o-in.  diameter  holes  and  over  1^2" 
m.  or  2-in.  holes  nwy  be  called  "egg"  coal ;  between  214 
and  1-in.  may  be  termed  "nut"  coal;  between  1-  and  I/2" 
in.  may  be  termed  "pea"  coal  and  below  that,  "slack  or 
duff."  There  are  no  precise  grades  and  there  are  all  kinds 
of  mixtures,  so  that  in  buying  it  is  always  customary  for 
the  buyer  to  .specify  that  the  coal  shall  be  passed  over 
and  through  certain  size  screens;  bar  screens  or  shaking 
screens  as  the  case  may  be. 

There  is  a  little  better  uniformity  in  washed  coal  of 
the  West,  but  even  these  vary  from  the  so  called  stand- 
ard sizes  which  range  from  "nut"  to  "duff"  but  are  al- 
ways specified  as  washed  coal. 

Washington's    Great  Undeveloped 
Water  Power 

The  Cascade  Eange  of  Washington  and  Oregon  has  an 
inexhaustible  store  of  running  water.  In  the  opinion 
of  the  hydrographic  engineers  of  the  United  States  Geo- 
logical Survey  few  areas  in  the  United  States  present 
more  favorable  opportunities  for  the  development  of 
water  power. 

The  crest  of  the  range  is  6000  to  8000  ft.  above  sea 
level,  and  the  higher  jjeaks  extend  into  the  region  of 
everlasting  snow.  From  Mount  Eainier  in  Washington 
to  Mount  Shasta  just  south  of  the  Oregon-California 
line,  both  more  than  14,000  ft.  in  elevation,  many  snow- 
covered  peaks  are  the  perpetual  fountains  that  supply 
the  flow  of  strong  rivers  running  westward  to  the  coast. 
The  precipitation  of  the  area  is  heavy,  the  Cascade  Eange 
receiving  about  100  in.  of  rainfall  a  year. 

The  streams  of  the  Cascades  possess  in  high  degree 
the  requisite  characteristics  for  the  successful  develop- 
ment of  water  power,  namely,  steep  gradient,  abundant 
water,  and  comparatively  uniform  flow.  Add  to  these 
the  enormous  resources  of  timber,  metal  and  otb?;;  min- 
erals, and  lands  as  yet  developed  only  in  small  part  but 
promising  an  extensive  future  market  for  water  power, 
and  it  becomes  apparent  that  the  large  areas  of  country 
surrounding  the  Cascade  Plateau  have  in  the  vindeveloped 
power  of  their  streams  very  great  potential  wealth. 

Electrification    of    London's   Suburban 
Railways 

The  London,  Brighton  &  South  Coast  Ey..  which  since 
1909  has  electrified  some  70  miles  of  its  suburban  lines, 
recently  decided  upon  a  further  electrification,  to  include, 
when  completed,  at  least  170  miles  of  additional  trackage, 


says  a  consular  report.  The  work  will  extend  over  four 
years.  The  lines  to  be  transformed  will  be  divided  into 
sections. 

The  whole  of  the  company's  suburban  system,  in  the 
area  extending  from  London  to  Croydon,  Purley  and 
Coulsdon,  and  from  London  to  Sutton  and  Cheam,  is 
to  be  electrified.  This  action  has  been  decided  upon  in 
view  of  the  satisfactory  results  of  the  compan}''s  elec- 
tric service  now  in  operation.  This  road  alone  of  the  rail- 
ways of  London  which  have  adopted  electrification  is  com- 
mitted to  the'  single-phase,  overhead,  alternating-current 
system,  and  will  employ  it  in  its  extension.  Two  of  the 
principal  reasons  for  continuing  the  system  are  that  it 
is  not  desirable  to  have  a  third  rail  and  that  it  will  be 
necessary,  in  the  near  future,  to  extend  the  electrification 
to  Brighton  and  Eastbourne. 

The  company  purchases  its  current  from  the  London 
Electric  Supply  Corporation.  In  consequence  of  the 
increased  demand,  the  latter  company  will  be  compelled 
to  add  materially  to  its  present  plant,  thus  making  it 
one  of  the  largest  in  England. 

Glibly  as  everyone  now  talks  of  horsepower  there  are 
few  things  concerning  which  the  average  man  knows  so  very 
little  as  he  does  of  what  strength  the  human  or  the  animal 
is  capable  of  exerting. 

Some  idea  of  this  has  come  to  light  through  a  series  of 
interesting  tests  recently  made  to  determine  the  respective 
pulling  power  of  horses,  men  and  elephants.  Two  horses 
weigliing  1600  lb.  each,  together  pulled  3750  lb.  or  550  lb.  more 
than  tlieir  combined  weight.  One  elephant  weighing  12,000 
lb.  pulled  S750  lb.  or  3250  lb.  less  than  its  weight.  Fifty  men, 
aggregating  7500  lb.  in  weight,  pulled  S750  lb.,  or  just  as 
much  as  the  single  elephant;  but,  like  the  horses,  they  pulled 
more  than  their  own  weight.  One  iiundred  men  pulled  12,000 
pounds. 
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NEW     EQUIPMENT 


.4.TL,.VNTIC    CO.^^ST   ST.VTES 

The  installation  of  a  water-works  system  at  East  Long 
Meadow,  Mass.,  is  under  consideration.  F.  C.  Burton  is  chair- 
man of  the  board  of  selectmen. 

Plans  are  being  prepared  for  the  construction  of  a  power 
plant  at  Clavville,  N.  Y.,  to  be  erected  for  H.  D.  Wood,  of 
Phoenix,  N.  Y. 

The  installation  of  new  equipment  in  the  municipal  elec- 
tric-light plant  at  Jamestown,  N.  Y.,  has  been  recommended 
by  C.   O.  Johnson,   superintendent   of  the   plant. 

The  power  plant  of  the  Jamesburg  Light  &  Power  Co., 
Jamesburg.  N.  J.,  was  destroyed  l>y  fire  recently.  The  plant 
will  be  rebuilt  at  once.  Estimated  loss,  $10,000.  Frederick 
Greenslade   is  superintendent. 

SOUTHERX   ST.\TES 

Stanley  .Scott  is  interested  in  the  project  to  install  an  elec- 
tric-light  plant   at    Eastville,    Va. 

An  election  has  been  called  for  Apr.  15  at  which  the  citi- 
zens of  Wilson,  N.  C,  will  vote  on  the  proposition  to  issue 
$80,000  in  bonds  for  the  improvement  of  the  municipal  elec- 
tric-light plant. 

Plans  are  being  prepared  by  J.  Newton  Johnson,  Florence, 
S.  C,  for  the  construction  of  a  water-works  system  at  Man- 
ning. S.  C. 

The  citizens  of  Abbeyville.  Ga..  will  hold  an  election  on 
Apr.  8  to  vote  on  the  proposition  to  issue  bonds  for  §8000, 
for   the   construction  of  a  municipal    electric-light    plant. 

Plans  are  being  prepared  by  the  J.  B.  McCrary  Co.,  Atlanta, 
Ga.,  for  the  installation  of  an  electric-light  plant  and  water-, 
works  system  at  Marshallville,  Ga.  Estimated  cost,  $20,000, 
J.  O.  Boonton  is  mayor. 

An  election  will  probably  soon  be  called  to  vote  on  a  bond 
issue  for  the  installation  of  an  electric-light  plant  and  water- 
works system  at  Lake  Butler,  Pla. 

Bids  are  being  received  by  the  authorities  of  Micanopy, 
Pla.,  for  equipment  for  the  electric-light  plant,  including  a 
75-kw.,  2300-volt,  60-cycle.  three-phase  generator,  with 
switchboard,  instruments,  exciter,  noncondensing,  four-valve 
steam  engine,  100-hp.  boiler  with  piping,  feed-water  pump; 
engine  to   be   directly   connected    to   generator. 

CEXTRAI,    STATES 

An  expenditure  of  $16,000  is  planned  by  the  Thornapple 
Gas  &  Electric  Co.,  for  the  improvements  of  its  power  plant 
at  Hastings,  Mich.     Lewis  W.  Heath,  Hastings,   is  manager. 
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GRATITUDE 


By  BERTON  BRALEY 


They  sent  me  out  in  the  wilderness  to  build  'em 

a  power  plant 
Where  there  wasn't  a  rail  in  thirty  miles  and  the 

trails  were  rough  and  scant; 
They  sent  me  out  with  a  trapper's  map  and  a 

husky,  healthy  gang 
That  lived  and  worked  from  day  to  day  and  let 

all  else  go  hang; 
There  wasn't  a  sign  of  a  wagon  road  and  the 

trail  was  a  rocky  track, 
And  we  had  to  take  machines  apart  in  pieces  a 

mule  could  pack. 
So,  slow  and  careful  we  hiked  along — and  gee, 

what  a  weary  tramp! 
Till  we  reached  the  place  I  had  planned  the  dam 

and  there  we  made  our  camp. 

The  sad  coyotes  howled 

Like  some  uncanny  choir. 
And  bear  and  wildcat  prowled 

Beyond  our  dying  fire, 
But  we — in  slumber  deep 

We  lay  the  whole  night  through. 
For  men  must  get  their  sleep 

When  they  have  work  to  do. 

The  ice  came  down  with  the  winter,  the  floods 

came  down  with  the  spring. 
And  we  fought  with  that  raging  river  as  you  fight 

with  a  living  thing. 
And  we  heckled  the  fat  directors  back  there  in 

the  busy  town 
For  they  kept  trying  to  stir  us  up  while  keeping 

expenses  down; 
Whatever     supplies     we     needed,     of     lumber, 

cement  or  steel, 
I  had    to    beg   and   pray   for   in   many   a   wild 

appeal. 


And  while  we  were  bucking  nature  in  tempest 

and  cold  and  heat 
The  fat  directors  wired  me,  "Why  isn't  the  job 

complete?" 

They'd  fume  and  fuss  and  fret 

And  scold  and  interfere, 
While  we — we  simplj-  sweat, 

And  tried  to  keep  our  cheer. 
In  spite  of  doubt,  delay 

And  fat  directors,  too. 
We  went  right  on  our  way 

For  we  had  work  to  do! 

They  sent  me  out  in  the  wilderness  to  build  'em  a 

power  plant 
And  it's  running  now  as  it  ought  to  be,  though 

some  folks  said  "It  can't." 
And    now    that    everything's    smooth    and    fine 

they've  fastened  a  can  to  me 
And  they've  put  in  a  brand-new  graduate  with  a 

nice  fresh  school  degree. 
But  say,  it  was  fun  while  the  job  was  on — a  re- 
gular man's-size  game! — 
For  we  built  the  dam  and  power  plant  in  spite 

of  the  bumps  that  came. 
So  the  boy  is  welcome  to  have  the  job  and  sit 

in  the  office  chair — 
There's  a  power   plant  in  the  wilderness — and  I 

— I  put  it  there! 

So  if  a  job  you've  got 

Away  "fell  an'  gone," 
Some  far  and  lonesome  spot — 

I  wish  you'd  take  me  on; 
I'll  ship  to  Borneo 

Or  China,  or  Peru, 
I  don't  care  where  I  go 

If  I've  got  work  to  do 
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Gas  Engine  and  Steam  Turbine  Power  Plants 


I'.V  W.  C.  TUEXER 


SYA'OPi^IS — Hydmulio  punipx  are  used  to  supply  water 
to  nozzles  for  washing  down  phosphate  pebble  rock.  A 
representative  power  plant  consisting  of  three  gas  pro- 
ducers and  three  gas  engines,  directly  connected  to  elec- 
tric generators.  There  are  also  two  water-tube  boilers 
and  a  1000-l-w.  steam  turbine. 

Due  to  the  development  of  the  phosphate  mining  in- 
dustry in  Florida,  the  combined  power-plant  equipment 
makes  quite  a  showing  of  uptodate  machinery.     About 


lb.  These  nozzles  may  be  swung  in  any  plane  through  a 
great  range,  and  permit  of  starting  at  the  surface  and 
working  down,  washing  the  overburden  into  sumps  from 
which  it  is  removed  by  direct-connected,  motor-driven 
volute  pumps.  The  phosphate  rock  is  similarly  mined, 
and  is  pumped  to  a  preliminary  washing  apparatus. 

Until  a  few  years  ago  the  rock  was  mined  by  steam- 
driven  units,  supplied  by  conveniently  located  boiler.s,  the 
steam  lines,  however,  often  being  run  for  a  distance  of 
800  or  1*00  ft.,  sometimes  over  damp  ground,  and  neces- 


TiG.  1.   Phosphate  Mixe  with  0\  i:i;i;Li;i>L.\  i;i;iiu\  i-d,  Suuwixti   I'lr  I'ciir  and  IIyiikallil:  Guns 


Fig.  2.   Gas-Engine  Installation  at  a  Phosphate  Mine 


seventeen  companies  at  present  are  engaged  in  mining  in 
the  pebble  rock  district  by  hydraulic  means.  The  strata 
of  phosphate,  from  3  to  10  ft.  thick,  lies  under  from  3 
to  25  ft.  of  surface  ground,  or  overburden,  as  it  is  termed. 
The  latter  consists  mainly  of  sand,  which  is  also  removed 
by  hydraulic  methods.  Fig.  1  shows  a  mine  with  the 
overburden  remoM^d.  also  the  pit  pump  and  hydraulic 
guns. 

Hydraulic  guns,  pivoted  in  a  spherical  socket  are  used 
to  "cut"  the  bank.  They  have  2^-  to  3-in.  smooth-bore 
noz:?les  and  are  supplied  with  water  at  a  pressure  of  125 


sarily,  on  account  of  periodical  changes  having  to  be 
made  in  location,  were  not  covered  or  maintained  in  the 
best  mechanical  condition.  The  boiler-furnace  fuel  was 
wood,  of  which  there  was  an  abundance,  but  which  was 
finally  secured  only  at  great  expense,  due  to  the  increased 
distance  of  hauling  and  railroad  maintenance  expense. 

Priri's 

Pumping  stations  furnishing  water  for  the  guns  were 
located  as  near  the  mines  as  possible,  where  an  abundance 
of  water  could  be  secured.     They  represented  the  most 
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economical  means  of  handling  the  water  and  have  al- 
ways been  kept  up  to  a  high  degree  of  efficiency.  Some 
of  these  stations  contain  duplicate  triple-expansion  pump- 
ing units  having  15,  24  and  40  by  24-in.  cylinders,  and 
surface  condensers,  the  cooling  surfaces  of  which  are  in- 
cluded in  the  pump  suction  lines.  A  vacuum  of  26  in. 
is  maintained.  Boilers  in  each  station,  of  the  return- 
tubular  type,  supply  steam  at  125-lb.  pressure.  These 
have  recently  been  equipped  with  oil  burners. 

(.'hanging  from  isolated  steam-driven  to  centralized 
electrical  equipment  was  accomplished  at  one  plant  with 
but  slight  niterruption  to  the  mining  operations.  A  pro- 
ducer-gas power  plant  was  installed  in  1909  and  was  the 
first  step  toward  centralizing  the  system. 

Gas  Equipment 

The  plant  consists  of  three  double-acting,  two-cylinder, 
four-cycle,  18.K24-in.  gas  engines,  Fig.  2,  running  at  200 
r.p.m.  The  engines  are  supplied  with  gas  by  three  up- 
draft  gas  producers,  burning  bituminous  coal.  The  air 
blast  during  operation  is  furnished  by  motor-driven  fans. 
Saturated    water    vapor    is   generated    by    waste   heat,   a 


period  of  72  hours  represent  results  obtained  under  the 
best  operating  conditions: 
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vaporizer  .superimposed  on  the  producers  absorbing  heat 
from  the  gas  as  it  goes  to  tiie  scrul)bers.  By  means  of  a 
regulating  device  which  operates  from  the  bla.st  ]u-essuro, 
and  thermometers  inserted  in  the  blast  pipes  convenient 
for  observation,  a  comparatively  close  relation  of  the  vol- 
ume of  steam  to  the  air  su])plied  may  be  maintained  ;it 
the  producer.  The  gas  is  cleaned  by  wet  scrubl)ers  and 
further  by  centrifugal  tar  extractors.  A  5000-cu.ft.  g:is 
holder  keejjs  a  constant  pressure  of  \l  in.  of  water  on  IIh' 
engine-supply-gas  mains. 

All  electric  generators,  directly  connected  to  tlic  en- 
gines, are  of  200  kw.  capacity  and  deliver  GO-cycle  i  ur- 
rent  at  2300  volts,  which  is  stepped  up  to  6600  volts  in 
transformers,  located  in  an  adjoining  room.  At  the  mines 
it  is  stepped  down  to  550  volts  for  use  in  the  jjump  pits, 
at  portable  transformer  stations,  which  include  switch 
panels  equipped  with  automatic  circuit-breakers,  for  con- 
trolling the  various  pit  motors.  The  mines  arc  at  dis- 
tances of  two' and  five  miles  respectively  from  the  ])ower 
plant. 

The  power  house  is  near  a  small  lake  from  which  water 
for  all  generating  purposes  is  pumped  by  direct-driven 
centrifugal  pumps;  the  pump  bouse  is  near  the  lake. 
Recent  observations  of  the  gas-plant  operation  covering  a 


Total  kilowatt  hours  at  circuit  panels. . . 
Total  kilowatt  hours  in  generator  leads.  ,  , 

(Power  metered  in  the  generator  leads  includes  th; 
auxiliaries,  tar  extractors,  etc.) 
Per  cent,  power  delivered  to  circuits  of  that  indicated  in  generator  leads 
Average  load  factor  on  generating  units,  per  cent 


Coal  consumed,  lb. . 

Pounds  of  coal  consumed  per  kw.-hr.  delivered  from  generator 

Average  thermal  value  of  gas,  B.t.u.. . . 

Thermal  value  of  coal,  B.t.u 


2S,990 

35,097 

nsumed  by  station 


82. 6 

81,2 

64,014 

1   824 

125 

14,500 


Circulating-water  observations  taken  at  one  engine 
while  the  engine  maintained  a  load  of  225  kw.  indicated  a 
circulation  per  engine,  including  pistons,  of  692.3  lb.  of 
water,  which  was  raised  from  a  temperature  of  60  deg.  to 
88.6  deg.  F.,  hence  a  heat  transfer  of  19,799.78  B.t.u.  per 
min.,  or  59,399  B.t.u.  per  min.  for  the  three  engines,  the 
recovery  of  part  of  which  was  given  consideration  in  the 
laj'out  of  the  turbine  station. 

Steam  Plant 

Recently,  due  to  increased  mining  operations,  more  gen- 
erating equipment  was  required  and  a  100-kw.  steam 
turbine.  Fig.  3,  was  installed.  There  were  also  two  water- 
tube  boilers  of  435  hp.,  each  equipped  with  superheaters 
designed  to  superheat  steam  of  175-lb.  pressure,  125  deg.  ■ 
F.  The  boilers.  Fig.  4,  are  equipped  with  oil  burners. 
but  the  furnaces  may  be  readily  converted  into  coal 
burners. 

Exhaust  steam  is  delivered  from  the  turbine  to  a  sur- 
face condenser  having  a  steam-driven  dry-vacuum  pump, 
and  an  electrically  driven  centrifugal  hotwell  pump  which 
returns  the  condensate  to  an  elevated  tank,  thus  main- 
taining a  suitable  pressure  for  a  gravity  circulation  of  the 
return  water  through  heaters  in  the  gas-engine  exhausts. 
A  vacuum  of  2S  in.  is  maintained  with  circulatiui;-  water 
of  85  deg. 

This   ]ihiiit    iui>   liccii    in   sucrcssful   operation   for  some 
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months,  at  about  70  per  cent,  of  its  rated  capacity.  The 
gas  plant  is  held  in  readiness  for  increa.scd  mining  di>- 
velo])ment. 

A  complete  .set  of  recording  insiruuients  is  included  in 
the  cquipriu'iit.  A  turbine  inlet  iiressure  gage,  in  full 
view  of  the  fireman,  indicates  the  plant-load  conditions, 
and  facilitates  instant  control  of  the  gas  burners  in  re- 
sponse to  demands  for  steam.  Permanent  sampling  ap- 
paratus for  fine  gas  has  been  installed,  the  CO.  apparatus 
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being  arranged  so  that  flue-gas  analyses  may  readily  be 
made,  or  an  ()rsat  may  be  inserted  for  a  complete  analy- 
sis. 

Provision  has  been  made  by  tapping  into  the  hotwell 
return  from  the  condenser  for  closely  checking,  by  weight 
or  volume,  the  water  rate  of  the  turbine,  during  regular 
runs  and  without  inconvenience.  A  500-gal.  underwriter 
fire  pump  connected  directly  to  the  boilers  is  installed, 
and  piped  to  fire  hydrants  and  taps  in  the  yard  and  the 
building  interior. 

A  storage  battery  of  56  cells,  five  positive  plates  per 
cell,  furnishes  power  for  lights  and  excitation  upon  start- 
ing up.  The  potential  coils  of  the  controlling  device  are 
energized  from  the  exciter  busbars,  and  hold  open  the 
switch  of  an  auxiliary  lighting  circuit  connected  directly 
on  the  battery.  In  the  event  of  an  interruption  to  the 
main  units  at  night,  sufficient  light  is  automatically 
switched  on  to  enable  the  operators  to  handle  the  ap- 
paratus with  dispatch  and  without  danger. 

Circulating  water  from  the  small  lake  is  returned  to 
the  extreme  end  opposite  the  pump  intake,  and  in  flowing 
from  the  condenser  discharge  to  the  lake  on  its  return 
})asses  through  several  hundred  feet  of  semi-tropical  vege- 
tation which  absorbs  considerable  of  the  initial  heat  of 


the  water  as  it  leaves  the  condenser,  the  drop  in  tem- 
perature before  entering  the  lake  is  4  deg. 

All  circulating  pumps  and  exciter  units  are  electrically 
driven  by  synchronous  motors,  as  is  also  a  single-stage, 
direct-connected  air  compressor ;  the  latter  operates  a 
deep-well  air  lift.  This  type  of  motors  was  selected  on 
account  of  its  desirable  tendency  to  correct  the  lagging 
power  factor  resulting  from  the  induction  motor  loads  on 
the  feeders.  The  motor  fields  are  excited  from  the  sta- 
tion-exciter buses.  Ammeters  indicate  the  field  and  arma- 
ture current. 

In  view  of  utilizing  the  exhaust  from  the  gas  engines 
for  heating  the  feed  water,  none  of  the  auxiliaries  ex- 
cept those  of  the  boilers  and  the  dry-vacuum  pump  are 
steam  driven.  Simplicity  is  thus  secured  and  there  is 
eliminated  the  greater  possibility  of  fouling  the  feed 
water  with  oil  from  their  exliausts.  An  open  feed-water, 
heater  is  used,  containing  an  oil  separator  which  will  take 
care  of  the  exhaust  of  any  steam-driven  units  which  may 
be  installed  in  the  future. 

Both  plants  are  so  arranged  as  to  be  operated  by  a 
single  crew.  On  several  occasions  the  gas-engine  units 
have  been  m  parallel  with  the  turbine,  and  the  electrical 
regulation  promises  to  be  all  that  can  be  desired. 


Slippage  of  Reciprocating  Pumps 


Hy  Mervin  K.  Baek 


SYXOPSIS — It  is  folly  to  as-iumc  a  general  figure  of  J 
per  cent,  as  the  slippage  of  reciprocating  pumps.  As 
shown  by  Ike  test  results  in  this  article  the  slip  may  be 
anything  from  5  to  8-5  per  cent.,  depending  on  the  con- 
dition of  the  pump,  the  discharge  pressure  and  piston 
speed. 

There  is  little  reliable  data  obtainable  on  the  slippage 
of  reciprocating  pumps;  either  the  indifference  on  the 
part  of  the  operating  engineer  has  been  the  cause  of  the 
scarcity  of  experiments  along  this  line,  or  else  has  resulted 
from  this  lack  of  authentic  information.  In  either  event, 
the  subject  has  been  passed  by  with  a  few  statements  and 
figures  which  are  misleading  to  say  the  least. 

A  brief  outline  of  the  nature  of  slip  is  necessary  for 
the  purpose  at  hand.    It  may  be  divided  into  three  losses : 

1.  Loss  due  to  leakage  past  the  valves,  both  suction 
and  discharge. 

2.  Loss  due  to  leakage  past  the  piston  or  plunger. 

3.  Loss  due  to  entrained  air  and  to  air  pockets. 

'  The  first  is  the  most  important,  and  's  due  to  the 
necessarily  late  seating  of  the  valves,  to  the  wearing  of 
the  valves  and  their  spring.?,  and  to  their  improper  seat- 
ing. The  second  loss  is  due  to  the  wearing  of  the  piston 
or  plunger,  and  is  liable  to  be  much  greater  with  inside- 
packed  plungers  than  with  those  of  the  outside-packed 
type.  The  loss  due  to  entrained  air  is  caused  by  an  ex- 
ceptionally low  suction  pressure ;  that  due  to  air  pockets 
may  be  charged  up  to  faulty  construction.  Neither  of  the 
last  two  losses  are  ever  found  in  a  well  designed  pump. 

It  is  easily  seen  that  the  effect  of  slip  is  twofold.  It  re- 
duces the  amount  of  water  which  can  be  pumped,  and 
increases  the-  power  for  a  given  quantity  of  water.     It  is 


a  common  occurrence  to  see  the  statement  that  the  slip 
of  a  certain  size  pump  is,  say,  5  per  cent.  On  the  strength 
of  such  an  assertion  engineers  have  used  this  value  pro- 
miscuously without  considering  that  there  are  a  great 
many  conditions  which  tend  to  change  it. 

Two  factors  which  enter  prominently  into  the  ques- 
tion of  slip  are  piston  speed  and  discharge  pressure.  Fig. 
1  shows  how  these  factors  affect  the  slip  of  any  pump. 
The  region  of  minimum  slip  is  at  the  normal  rated  speed 
of  the  pump.  The  higher  the  pressure  at  this  point,  the 
higher  will  be  the  slip.  Xo  matter  how  high  the  pressure 
mav  be,  the  slip  of  the  pump  is  less  at  this  rated  speed 
than  at  any  other  speed,  the  pressure  being  the  same. 
Going  along  the  curve  in  either  direction,  it  may  be 
noticed  that  the  slip  increases.  With  a  decrease  in  pis- 
ton speed,  there  is  a  rapid  increase  in  the  slip;  with  an 
increase  in  speed,  there  is  likewise  an  increase  in  slip, 
although  in  this  direction  it  is  more  gradual.  From  the 
standpoint  of  slippage,  it  would  appear  that  it  is  much 
better  to  run  a  pump  at  a  speed  higher  than  normal  rather 
than  lower.  The  fact  that  the  slip  increases  with  the 
pressure  will  undoubtedly  have  been  surmised. 

Figures  were  omitted  from  the  curves  as  no  set  of- 
values  could  be  given  which  would  cover  the  entire  field 
of  pumps.  Each  pump  will  have  its  own  set  of  curves, 
depending  upon  its  construction  and  condition.  How- 
ever, no  matter  what  these  may  be,  the  curves  will  follow 
the  general  shape  of  those  shown  in  Fig.  1.  Although  no 
concrete  values  can  be  given  which  will  cover  the  general 
case,  the  following  instances  will  give  a  good  idea  of  the 
range  of  values  one  might  expect  to  find  in  various 
piimps : 

A  16  and  9  by  12-in.  duplex  fire  pump,  whose  valves 
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were  iu  good  working  order,  and  whose  piston  clearances 
were  approximately  0.02  in.  for  each  plunger,  was  thor- 
oughly tested  for  slippage.  The  results  are  shown  in' 
Fig.  2.  At  150-lb.  pressure  the  slip  was  16  per  cent, 
when  the  piston  speed  was  about  140  ft.  per  min.,  while 
at  25  ft.  per  min.  the  slip  jumped  up  to  about  83  per 
cent.  At  10-lb.  pressure  and  25  ft.  per  min.  piston  speed 
the  slip  was  31  per  cent. :  at  140  ft.  per  min.  it  was  only 
5  per  cent.  These  curves  give  some  idea  of  the  immense 
variations  there  are  in  pump  slippage. 


PowEH  Pis+on      Speed 

Fui.  1.    \'ariation  of  Slip  with  Tistox  Speed 
AND  Discharge  Pressure 


ough  test  made  on  any  pump,  will  show  the  fallacy  of  the 
assumptions  that  up  to  the  present  time  have  been  con- 
sidered good  practice.  Engineers  are  beginning  to  under- 
stand that  they  cannot  assume  the  slip  of  their  pump  to 
be,  say,  5  jjer  cent.  They  are  beginning  to  realize  that 
there  is  a  wide  range  of  values  of  slip,  and  that  for  the 
economical  operation  of  their  plant  they  must  determine 
how  they  can  reduce  this  value  to  a  minimum. 

New  Riley  Underfeed  Stoker 

The  main  features  of  the  Hi  ley  underfeed  stoker  are 
that  the  coal  is  forced  into  slightly  inclined  retorts  by  a 
plunger  with  which  each  retort  is  fitted,  the  fuel  feeding 
by  gravity  to  the  plungers  from  the  hopper  about  them. 
The  number  of  retorts  and  plungers  depends  upon  the 
width  of  the  stoker. 

Moving  fuel-bearing  grates,  placed  at  an  angle  of  20 
deg.,  form  the  upper  side  of  the  fuel  retorts.  They  are 
really  narrow  grates  with  side  tuyeres  for  the  passage  of 
air  from  the  air  space  below  the  grates  to  the  green  fuel, 
below  the  line  of  combustion.  This  feature  is  shown  in 
Figs.   1   and  2.     The  grates  are  battled,  and.  ahhough  air 


Tests  on  the  pumps  of  the  Chicago  water-works  showed 
the  following  values  of  slip,  under  normal  operating  con- 
ditiohs : 


68th  Street  station . . 
Lake  View  Station . . 
West  Side  Station . . 
22nd  Street  Station . 


Slip,  per  cent. 
11.7 

11.8 

20.7 

28.5 


A  test  of  pump  Xo.  7  of  the  Milwaukee  water-works, 
made  in  June,  1911,  showed  a  slip  of  43  per  cent.;  after 
repairs  were  made  to  the  valves,  this  value  was  reduced 
to  9  per  cent.  These  ])umps  were  all  large  and  to  see  if 
such  large  values  of  slippage  existed  in  smaller  pumps. 
a  24-hr.  test  was  made  on  a  71/2  and  41/2  by  6-in.  duplex 
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boiler-feed  |imn|i  I'liiining  uihIit  Hernial  upend  iiig  roiidi- 
tions  at  about  T5  lb.  pressure  and  (I  r.]i.iii.  The  sli|)  was 
58  per  cent. 

If  a  ])ump  is  not  ke]it  in  good  order  the  slip  may  in- 
crease raiddly,  even  if  the  ninning  conditions  are  kcpl 
constant.  The  fdllowinir  data  are  available  concerning 
slippage  te«ts  on  a   lO-million-gal  pnniii: 

Slip,  per  cent. 


Juno  in 
June  2A 
Aug.  8 
Aug.  15 
Sept.  1.5 
Sept.  IS 

Oct.  14. 


1  7 
.■i  2 
7  8 
12  4 
20  () 
22  !) 
28  .1 


A  careful  perusal  of  the  cases  just  citerl,  or  of  a  tlior- 


FiG.  1.    Skctioxal  View  THiioraii  Stoker 

pa.sses  I'rci'lv  ihi-dugh  them,  ashes  or  riicl  do  not  sift  into 
the  air  (hamluT  below.  Beyond  the  iindcrlVed  retorts  are 
sets  of  overfeed  grates  extending  the  width  of  ihe  retorts. 
Fig.  2. 

The  overfeed  grates  recilirocale  in  unison  with  the  un- 
derlVed  fuel-bearing  grates  and  also  with  the  plunger,  re- 
ceiving motion  from  extensions  of  the  plunger  wristpins. 
Each  fuel-carrying  grate  is  suii]>orted  at  its  upjier  end  by 
a  rod  parallel  with  the  coal  ram.  In  the  ends  of  these 
rods  are  bolts  passing  through  holes  in  the  ])lunger  jiins. 
By  this  arrangement,  although  the  plungers  make  full 
travel,  the  movement  t  I'ansniittcd  to  the  reciprocating 
grate  is  less,  due  to  the  lost  motion  made  possible  by  the 
distance  between  the  heads  of  the  bolts  and  the  ends  of 
the  rods.  This  lost  motion  is  adjnstnl  l>y  distance  blocks 
to  suit  the  character  of  the  I'uel.  That  is.  the  ].lungers 
make  a  i)artial  strol<e  ea(h  way  lierore  the  movement  is 
transmitted  lo  the  fuel-hearing  grates.  This  realiire  is 
shown  in  Fig.  3. 

At  the  lower  end  of  the  overfeed  grates  are  pusher  noses 
which  force  the  refuse  slowly  but  continiioindy  toward  the 
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rear  bridge-wall  of  the  furnace  as  they  move  back  and 
forth  over  a  part  of  the  ash-supporting  plates.  The  lower 
end  of  the  carrying  side  bars,  slide  back  and  forth  on  a 
plate  at  the  rear  of  the  stoker  just  in  front  of  the  apron. 
Fig.  1. 

An  idea  of  the  ash  apron  construction  can  be  obtained 
from  Fig.  1.  The  overlapping  plates  arc  supported  by 
racks  engaging  pinions  on  a  shaft  extending  to  the  out- 
side of  the  furnace  setting.  The  plates  of  the  apron  hang 
down  over  the  end  of  the  racks  which  can  be  moved  back- 
ward or  forward  by  hand  and  the  ash-discharge  opening 
adjusted  to  suit  the  amount  of  refuse  from  the  fuel  dis- 
charged over  the  end  of  the  apron  into  the  ashpit.  This 
opening  is  left  just  large  enough  to  pass  the  refuse  and 
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Fig.  2.  Showing  Relative  Positiox  of  Moving  Parts 

yet  maintain  an  effective  air  seal  between  the  ashpit  and 
the  furnace. 

Two  I-beams  carrying  the  supporting  plates  and  self- 
dumping  adjustment  constitute  one  assembly  unit :  throe 
heavv  angles,  carrving  the  cylinders  and  crankshaft,  con- 


ing the  movement  of  the  plungers  ie  had  by  using  a  hard- 
ened-steel ring  with  a  pin  passing  through  it  and  the  con- 
necting-rod. The  ring  bears  against  the  end  of  the  forked 
sleeve  mounted  on  the  wristpin,  so  that  the  thrust  on  the 


Fig.  4.    Front  View  of  tih:  Riley  Stoker 

plunger  tends  to  shear  the  pin.  If  the  pin  shears  berausn 
of  an  oljstruction  in  front  of  the  plunger,  the  connecting- 
rod  slides  idly  through  the  sleeve  between  the  ends  of  the 
wristpin  without  carrying  the  plunger  with  it.  The  pin 
is  easily  renewed  while  the  stoker  is  in  operation.  This 
safety  device  is  equally  effective  for  all  positions  of  the 
crankpin. 

Connection  between  the  blower  and  the  stoker  is  by  a 
chain  and  sprocket  wheel,  one  of  which  is  shown  in  Fig. 
1 .  The  other  sprocket-  delivers  power  to  the  gear  mechan- 
ism which  drives  the  plungers.  The  stoker  and  fan  work 
in  unison.  As  the  sprocket  wheels  are  placed  on  the 
shaft  and  not  removable  by  the  attendant,  the  ratio  of  air 
to  the  coal  fed  to  the  grates  is  fbced.     This  adjustment  is 


Riley  Stoker 


stitute  another  assembly  unit.  Each  of  these  units  is 
separately  installed  and  the  moving  retort  parts  are 
dropped  into  place.  The  retort  bottoms  are  fixed  at  their 
upper  ends  and  their  furnace  ends  slide  on  the  reciprocat- 
ing overfeed  grate  extensions. 

Precaution  against  possible  damage  by  obstacles  block- 


determined  by  the  flue-gas  analysis  and  so  long  as  1 
same  grade  of  coal  is  used  the  sprocket  wheel  should  not 
be  changed. 

Referring  to  Fig.  1,  the  course  of  the  fuel  is  easily  folr 
lowed.  Dropping  from  the  stoker  hopper  it  is  forced  into 
the  retorts  by  the  plungers  operated  by  the  crankshaft  on 
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tlie  front  of  the  furnace  setting,  Fig.  4.  When  the  re- 
torts become  filled  the  fuel  is  carried  by  the  fuel-bearing 
grates  which  form  the  side  of  the  retorts.  As  these  grates 
are  operated  in  unison  with  the  retort  plungers  and  as 
rach  plunger  is  driven  by  a  crank  set  at  a  different  angle 
fium  the  one  beside  it,  the  fuel-bearing  grates  between 
anv  two  retorts  are  given  a  shearing  motion  in  relation 
witli  each  other,  while  moving  in  opposite  directions.  This 
motion   prevents   clinkers   forming   above    the   air   open- 

The  reciprocating  motion  of  the  fuel-bearing  grates 
■gradually  forces  the  coking  and  burning  fuel  toward  the 
rear  end  of  the  furnace.  Air  is  supplied  to  the  fuel 
ilnough  the  side  tuyere  opeuings  as  indicated  by  the  ar- 
rows, Fig.  1.  The  reciprocating  motion  of  the  fuel-bear- 
ing grates,  the  overfeed  grates  and  the  pusher  noses,  all 
working  in  unison,  forces  the  refuse  toward  the  bridge- 
wall  over  onto  the  ash-supporting  plates  and  into  the  ash- 
].>it.  Reverberating  elfect  of  the  hot  gases  against  the 
grates  is  impossible  because  clinkers  must  break  along  the 
line  of  movement  of  the  grates,  and  thus  give  the  hot  gases 
free  exit  to  the  boiler  tubes. 

The  driving  mechanism  of  the  stoker  is  visible  from 
the  outside  and  accessible.  The  air  space  beneath  the 
stoker  is  reached  through  a  door  or  through  the  opening 
in  the  front  air  plate  or  the  side  door.     Removing  the 


front  air  plates  gives  free  access  to  the  under  part  of  the 
stoker  for  repairs,  etc.  The  stoker  requires  a  small 
amount  of  head  room,  which  permits  of  ample  combus- 
tion-chamber space.  Fig.  1  shows  the  short  air  duct  be- 
tween the  fan  blower  and  the  air  space  below  the  stoker. 
This  feature  eliminates  losses  due  to  the  friction  of  air 
through  long  air  ducts  and  the  necessary  power  to  main- 
tain the  excess  air  pressure  to  overcome  this  loss.  Hence, 
less  work  is  required  of  the  blower  fan  in  maintaining 
the  proper  air  pressure  in  the  air  chamlier  below  the 
grates. 

As  the  overfeed  grates  extend  entirely  across  the  stoker 
beyond  the  underfeed  retorts,  all  of  the  partially  burned 
fuel  comes  in  intimate  contact  with  air.  The  air  is  of 
less  pressure  than  the  underfeed  air.  and.  therefore,  is 
not  destructive  to  the  lighter  fuel  bed  on  the  overfeed 
grates. 

At  low  ratings  this  air  pressure  may  be  little  or  noth- 
ing, being  regulated  by  the  fireman  by  operating  the 
dam]3er  shown  in  Fig.  1,  between  the  air  space  and  the 
overfeed  reciprocating  grate.  Therefore,  the  air  is  always 
under  the  control  of  the  operator,  who  can  burn  the  com- 
bustible in  the  coal  Just  as  completely  as  he  wants  to, 
whether  at  high  or  low  ratings. 

This  stoker  is  manufactured  by  the  Sanford  Riley 
Stoker  Co.,  Worcester,  Mass. 


The   Bi-centennial  of   the  Steam  Engine 


l'".iii(K   H.  Low 


SYNOPSIS — In  1712,  twenty-four  years  before  -lames 
Watt  Kas  horn,  and  over  sixty  years  before  he  and  Boul- 
ton  began  to  build  engines  at  Solio,  the  first  reciprocating 
piston  engine  was  put  to  icork.  The  bicentenary  of  this 
epo<  li-uiaix-ing  creni  lins  pa.<sed  wilhoul  adequate  uotice. 

Ask  a  liuiidivd  |i.'opl(..  who  invi'iilc'd  the  steam  engine 
and  ninety  of  ihcin  will  tell  you  .James  Watt,  yet  he 
was  only  one  of  several  inventors  who  brought  the  steam 
engine  to  a  condition  of  ])ractical  and  useful  application. 

The  first  ])iston  steam  engine  was  erected  200  years 
ago  last  year:  but  the  idea  of  using  heat  and  steam  as 
sources  of  power  is  older  than  tlie  Christian  Era. 

The  first  recorded  use  of  heat  as  a  source  of  power  was 
200  years  B.  C,  at  which  tim,e  Hero  wa.s  interested  in  the 
subject  and  we  are  indebted  to  iiis  records,  as  well  as 
to  his  inventions.  His  first  record  tells  of  a  temple  door 
which  was  opened  and  closed  by  heating  air.  This  was 
probably  used  to  work  upon  the  superstitions  of  the  l)ooi)lo 
for  the  doors  were  open  as  long  as  a  good  fire  burned  on 
the  altar.  Fig.  1  shows  a  working  drawing  of  this  en- 
gine. The  fire  on  the  altar  heats  the  air  inside,  which 
expands,  exerting  a  pressure  on  the  water  in  tank  A. 
forcing  it  through  the  siphon  B.  into  the  open  bucket  C 
which  is  hung  by  a  ro])e  which  passes  over  a  pulley,  and 
thence  to  two  pillars  about  which  it  is  wound.  D  is  a 
counterweight  which  acts  on  the  pillars  in  the  opposite 
direction  from  C.  The  pillars  are  fastened  to  the  edges 
of  the  door  and  as  they  rotate  the  doors  open  or  close. 
As  the  water  fills  the  bucket,  it  overbalances  the  weight 
D  and  opens  the  door.     When  the  fire  goes  out,  the  air 


cools  and  the  water  runs  back  tlirough  the  siplnm   and 
the  weight  pulls  the  door  tn. 

The  next  engine,   a   mere  lov,   was   invi'iited   liv    Hero 


, 1 44i.„ 

FiQ.  1.   An  Anciknt  Usk  of  Hkat  for  Power.    How 

THK  TkXII'LK  DooHS  WkHK  Ol'KNIOl)  liY  THK  Al.TAlf  YUlP. 

himself,  and  is  shown  in  Fig.  '-'.  It  consisted  of  a  boiler 
.1  and  hollow  sphere  B  hung  in  trunnions  connected  to 
the  pipes  CC  from  the  boiler.  The  sphere  had  two  out- 
lets, EE.  turned  tangent  to  (be  splierr  and  at  right  angles 
to  the  first  axis.  The  steam  from  the  boiler  filled  the 
sphere  and  escaped  through  tiic  outlets  EE  wbere  the 
reaction  caused  the  sphere  to  rotate. 
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After  this  there  were  a  number  of  toys,  such  as  a 
wheel  with  a  number  of  buckets,  which  was  blown  around 
by  a  jet  of  steam,  and  different  forms  of  siphon  engines. 
Without  doubt,  steam  was  the  mysterious  agent  which 
performed  many  of  the  mediaeval  miracles ;  yet  the  first 
recorded  use  of  any  importance  was  in  1543.  Blasco  de 
Garay,  a  Spanish  naval  officer,  is  said  to  have  built  a 
boat  which  was  run  by  paddles  driven  by  steam.  The 
king  was  much  pleased  with  it  and  promoted  him  to  some 
high  office ;  but  nothing  further  was  heard  of  his  inven- 
tion and  its  secret  probably  died  with  him. 

The  Marquis  of  Worcester  writes  about  an  engine,  but 
the  records  are  incomplete  and  given  more  to  what  the 
engine  could  do  than  to  how  it  worked.  One  of  these 
engines  was  set  up  on  the  Thames  about  1653.  It  raised 
water  more  than  forty  feet. 

We  now  come  to  the  age  of  rapid  development  of  the 
steam  engine  and  the  first  invention  is  that  of  Thomas 
Savery.  Toward  the  end  of  the  17th  century,  the  mines 
of  England  had  reached  such  a  depth  that  water  came 
in  too  fast  to  be  handled  by  the  old  method,  and  a  cry 
was  raised  for  some  new  way  to  keep  them  dry.  In  one 
mine,  they  employed  600  horses  at  immense  cost.  Savery 


Fig.  2.  Hero's  Engine.    The  First  Ste.\m  Turbine 

invented  a  form  of  steam  pump,  with  which  he  hoped  to 
overcome  the  difficulty. 

A  boiler  A,  Fig.  3,  delivered  steam  through  the  pipe 
B  to  the  cylinder  0.  When  all  the  air  in  ('  had  been  dis- 
placed by  steam,  the  valve  in  B  was  closed  and  the  valve 
in  F  opened,  permitting  a  stream  from  a  reservoir  G  to 
be  played  into  the  cylinder.  The  water  causing  the 
steam  to  condense  formed  a  partial  vacuum,  which  was 
filled  by  water  forced  up  by  the  air  pressure  through  D. 
When  the  flow  into  the  cylinder  ceased,  steam  was  again 
let  into  C ,  forcing  the  water  up  through  E. 

This  engine,  which  was  patented  in  1698,  met  with 
little  success  because  of  the  great  pressure  necessary  to 
force  the  water  to  any  considerable  height  m  E. 

At  this  time,  Newcomen  and  Cawley,  the  one  an 
ironmonger,  the  other  a  plumber,  invented  an  engine  on 
the  theory  of  Papin  (1690),  who  said  that  heating  water 


in  a  cylinder  would  cause  a  piston  to  move  out,  when-  if 
the  cylinder  were  cooled,  the  pressure  of  the  air 
would  push  it  in  again.  Newcomen  and  Cawley  used 
this  idea  but  made  the  steam  outside.  Fig.  4  shows  tli<^ 
working  parts  of  this  engine.  A  boiler  A  furnishes  steam 
for  the  cylinder  B,  which  has  a  piston  hung  by  a  rod  ami 
chain  from  a  beam  /,  the  other  end  of  which  is  attached, 
by  means  of  a  chain  and  rod,  to  the  piston  of  a  suction 
pump  C  When  the  chamber  B  is  filled  with  steam,  the 
piston  E  is  at  the  top.  When  water  from  I)  is  sprayed 
into  it,  the  steam   condenses  causing  a  partial   vacuum 


Fig.  3.   Saveey's  Steam  Pump 

and  the  weight  of  the  air  presses  the  piston  down.  F 
is  an  outlet  pipe,  which  was  opened  occasionally  to  per- 
mit the  water  and  condensed  steam  to  run  out  of  the 
cylinder.  It  had  a  valve  opening  outward  so  as  to  per- 
mit the  water  to  run  out,  but  kept  the  air  from  coming 
in  during  the  down  stroke  of  the  piston. 

Savery  had  a  patent  which  gave  him  all  rights  to  en- 
gines run  by  fire,  so  that  Xewcomen  and  Cawley  went 
in  with  him.  They  erected  one  of  these  engines  in  1712. 
Tlie  place  of  erection  is  unknown,  but  that  it  was  in  the 
year  1712  is  undisputed. 

These  engines  were  more  successful  than  those  of  Sav- 


FiG.  4.  Xewcomkx's  Pumping  Engine 

ery  and  were  used  in  many  mines,  upon  estates  and.  in 
some  cases,  to  pump  water  tor  towns  and  to  drain  low 
lands.  This  engine  did  away  with  the  great  pressure 
necessary  in  Saver'y's  engine,  because  they  only  needed 
enough  steam  to  overcome  the  pressure  of  the  air,  and 
water  could  be  pumped  against  considerable  heads  l)y 
'using  water  pistons  of  comparatively  small  area. ' 

The  first  steam  engine  operated  in  America  was  one 
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of  these  Newcomen  pumps,  installed  in  1753  at  Schuy- 
ler's Point,  on  Xewark  Bay,  in  Xew  Jersey  by  Josiah 
Horn  blower. 

The  great  trouljle  with  this  engine,  from  the  engine 
boy's  standpoint,  was  that  he  must  stay  and  turn  the 
valves  on  and  off  when  he  would  rather  l)e  playing.  One 
of  these  youths,  Humphrey  Potter  is  said  to  have  devised 
a  system  of  levers  by  which  the  engine  worked  them  it- 
self, but  wliether  or  not  he  was  allowed  to  run  and  play 
or  other  work  was  found  for  him  has  not  i)een  recorded 
to  the   writer's  knowledge. 

This,  then,  was  a  practical  steam  engine,  fifty  years 
before  Watt's,  and  1913  passed  by  without  any  recogni- 
tion of  its  bicentenary.  It  was  while  working  upon  one 
of  these  engines,  at  the  University  of  Glasgow,  that  Watt 
became  interested  in  them  and  his  improvements  fol- 
lowed. H^  found  that  if  he  used  more  water  to  condense 
the  steam,  he  gained  more  power,  but  it  took  more  fuel 
since  he  must  reheat  the  sides  of  the  cylinder.  To  over- 
come this,  he  condensed  the  steam  in  another  cylinder  or 
condenser.  He  also  thought  that  steam  could  b(  used  to 
better  advantage  than  air  in  making  the  piston  descend. 
He  then  made  the  engine  double-acting. 

This,  then,  is  the  history,  in  short,  of  the  steam  engine, 
and'  while  we  celebrate  the  centenary  of  the  invention  of 
Fulton's  steam  boat  and  the  launching  of  the  "Comet," 
we  have  let  pass  the  true  birthday  of  that  great  factor  in 
(he  world's  history,   the  jiiston   steam   engine. 

The  Joys  of  Monotony 

That  there  is  a  mental  monotony  in  the  performance 
of  the  same  operation  day  after  day  and  year  after  year  is 
denied  by  Prof.  Miinsterberg,  the  well  known  Harvard 
psychologist,  who  has  made  an  interesting  study  of  the 
.subject  and  gives  examples  taken  from  an  electric  lamp 
factory. 

It  was  Miisterberg's  habit,  when  visiting  a  factory,  to 
select  what  seemed  to  him  the  most  tiresome  job  pos- 
sible, and  then  study  its  effect  upon  the  employee.  The 
prize  job  appeared  to  be  that  of  a  woman  who  for  13  years 
had  packed  incandescent  lamps  in  tissue  paper.  She 
jjacked  on  an  average  13,000  lamps  a  day — about  25 
lamps  in  43  sec.  And  she  denied  its  monotony.  Her  in- 
terest was  held  in  what  she  called  the  continuous  varia- 
tion of  the  work,  sucli  as  grasping  the  lamp  or  paper  a 
different  way,  or  studying  the  unevenness  of  the  packing, 
or  her  mood  for  the  work. 

The  Bulletin  of  the  National  Electric  Light  Associa- 
tion, from  which  this  information  i.s  gathered,  says  that 
"even  in  the  most  uniform  and  .stereotyjied  occupations, 
room  is  left  for  interest  in  the  work,  for  thought,  for  self- 
fiuflficiency  to  a  higher  degree  and,  in  almost  every  case, 
Ihc  chance  of  improvement  in  the  means,  tlie  material,  etc. 

"In  our  f entral-station  field,  many  of  tJie  yoimger  men, 
and  especially  tiiose  who  come  into  it  without  acquaint- 
ance with  its  history  and  evolution,  seem  to  think  that 
many  of  the  tasks,  and  much  of  the  work  they  do  arc 
monotonou.«  ;  but  they  will  not  l)c  much  older  lii'forc  liny 
discover  that  the  monotony  is  superficial.  I  lie  vnrictv 
eternal.  There  is  not  one  single  thing  in  tin'  (ciitral- 
station  industry  that  cannot  l)e  done  better,  or  made 
cheaper,  or  become  more  perfect  or  give  fuller  service  than 
it  does  today,  ami  in  that  way  lies  infinite  opportunity 
for  every  one  of  us." 


Klinger  Water  Glass 

This  glass  consists  of  a  brass  l)ody  and  a  separate  brass 
back  piece,  the  latter  including  the  steam  and  water  cav- 
ity. The  glass  is  held  between  these  two  parts  and  is 
gripped  by  pressure  obtained  by  four  setscrews,  equally 
spaced  on  the  back  of  the  body.  The  general  form  and 
arrangement  of  this  construction  is  shown  in  the  illustra- 
tions. 

Three  gaskets  have  been  introduced  between  the  steam 
space  and  the  face  of  the  glass  and  so  arranged  that  the 
steam  must  work  bv  each  successivelv  before  a  leak  can 


Klixoi;i;   Wati:!!   (ii.Ass 

develop.  The  two  gaskets  mi  the  front  and  back  of  the 
glass  are  of  fiber  ^"3  i"-  thick  and  the  construction  allows 
a  liberal  width  of  seat  on  the  metal.  The  third,  a  T^-^n. 
gasket  of .  clastic  material,  is  lietwecn  a  lip  on  the  hack 
piece  and  the  main  body,  and  cdnics  at  the  side  of  the 
gla.ss  about  one-quarter  of  the  distance  from  the  back. 
This  is  formed  .so  a.s  to  scat  against  the  glass,  a.s  well  as 
l>etween  the  lip  on  the  hack  ])iecc  and  the  body. 

Its  elasticity  is  such  as  to  i)ermit  any  unevenness  in  the 
thickness  of  the  glass  to  be  compensated  and  give  an 
C(|ual  jiressure  on  the  fiber  gaskets  at  the  top  and  the  bot- 
tom througho\it  the  full  length,  while,  at  the  same  time, 
the  elastic  gasket  will  also  he  steam-tight.  Tlic  water 
shows  black  and  steam  wbiti'.  Tlir  connections  are  of  th^ 
jiroper  size  and  form  to  pciniil  of  it  being  attached  to  a 
l»)ilcr  without  any  changes  in  tlir  fittings. 

The  .Terguson  Manufacturing  Co..  10  Post  Ofllce 
Square.  Boston.  Mass..  is  the  luaiMifart  urcr. 


The  world's  wealth  so  far  as  .'.xpri'ssi-d  In  stock-exchani;e 
Hiruritlea  Is  $1 1 5.sno.ono.u(in.  in  which  the  United  States  ts 
represented   by  over   twenty-five   bilUon. 
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Reciprocating  Pump  Curves 


By  a.  M.  Damkj.s 


SYNOPSIS — Description  of  the  construction  and  me 
of  curves  for  determining  the  size  of  reciprocating  pumps 
required  under  giren  conditions. 

The  curves  of  the  accompanying  diagrams  liave  been 
constructed  to  facilitate  determining  the  size  of  pumps 
necessary  to  fulfill  certain  roqiiirements. 

Method  of  CoNsi'iiicTiox 

Tn  constructing  the  curves,  reference  has  been  made  to 
numerous  pump  catalogs,  and,  since  they  show  no  great 
variation  as  to  revolutions  or  doul)le  strokes  per  minute 
or  in  velocities  allowed  in  the  ditferent  pipe  sizes,  in 
some  cases  a  mean  value  has  been  used. 

Curve  1.  Since  100  ft.  per  min.  is  generally  considered 
a  good  mean  value  upon  which  to  base  capacity  calcula- 
tions, this  curve  has  been  laid  down  on  that  basis  with 
abscissas  as  stroke  of  pump  in  inches  (found  at  the  top 
of  the  diagram)  and  ordinates  as  revolutions  per  minute 
or  double  strokes  (found  on  the  right  of  the  diagram). 

Curve  .2.  In  studying  the  various  pumj)  catalogs,  it 
was  observed  that  for  a  pump  of  a  certain  diameter  water 
cylinder,  a  certain  stroke  and  a  certain  piston  speed,  if 
the  stroke  be  increased  for  the  same  size  water  cylin- 
der, the  pump  may  then  be  run  at  a  higher  piston  speed 
than  was  allowable  with  the  shorter  stroke.  The  pump 
makers  claim  that  this  is  for  the  reason  that  it  is  not  re- 
versed so  often.  Therefore,  Curve  2  has  been  plotted  to 
read  actual  revolutions  or  double  strokes  for  pumps  of 
given  .strokes,  the  abscissas  being  strokes  in  inches  (found 
at  the  top  of  the  diagram)  and  ordinates.  being  revolutions 
or  double  strokes  (found  at  the  right  of  the  diagram). 

Curve  3.  Having  plotted  Curve  'i  to  agree  with  the 
pump  makers'  practice.  Curve  3  has  been  laid  down  to 
show  the  corresponding  actual  piston  speeds  plotted  from 
the  equation,  piston  speed  =  2  X  r.p.m.  X  stroke  (feet). 
The  abscissas  for  this  curve  are  strokes  in  inches  (found 
at  the  top  of  the  diagram)  and  the  ordinates  are  feet  per 
minute  (found  at  the  right  of  the  diagram).  This  curve 
clearly  shows  the  increased  piston  speed  due  to  the  stroke 
being  lengthened.  For  example,  suppose  two  pumps  of 
tlie  same  water  cylinder  diameter,  one  with  a  9-in.  stroke 
and  the  other  an  18-in.  stroke.  From  this  curve  it  is  seen 
that  for  the  8-in.  stroke  pump,  the  piston  speed  would  be 
86  ft.  per  min.,  while  the  stroke  of  the  18-in.  gives  a  pis- 
ton speed  of  120  ft.  per  min. 

Curve  Jf.  This  curve  is  based  upon  a  piston  speed  of 
100  ft.  per  min.  and  corresponding  capacities  for  differ- 
ent sizes  of  water  cylinders,  capacities  being  in  gal.  per 
min.  The  abscissas  are  diameters  of  water  cylinders  in 
inches  (found  at  the  bottom  of  the  diagram)  and  the  or- 
dinates are  gal.  per  min.  (found  at  the  left  of  the  dia- 
gram). 

Curve  5.  This  is  a  velocity  curve  and  is  based  upon 
mean  values  of  velocities  in  suction  pipes  in  terms  of  their 
diameters.  The  mean  values  were  estimated  from  the  cata- 
logs as  velocity  =  164  V  D.  Using  this  equation,  the 
curve  was  plotted  with  abscissas  as  diameter  of  suction 
pipe  (found  at  the  bottom  of  the  diagram)  and  ordinates 
as  velocity  in  ft.  per  min.  (found  at  the  left  of  the  dia- 
gram). 

Curve  <!.     This  also  is  a  velocity  curve  and  is  similar 


to  Curve  ').  This  curve  gives  velocities  in  the  discharge 
pipe  when  the  velocities  are  based  upou  the  meau  value, 
as  derived,  of  velocity  =  200  V  d.  The  abscissas  and 
ordinates  are  the  same  as  for  Curve  o. 

Curve  7.  Using  the  velocities  in  the  suction  pipe  of 
lOi  V  -0  and  calculating  the  capacity  in  gallons  per 
minute  from  the  equation :  quantity  =  area  X  velocity, 
this  curve  has  been  constructed  with  abscissas  of  diam- 
eters of  suction  pipes  (found  at  the  bottom  of  the  dia- 
gram) and  ordinates  of  gallons  per  minute  (found  at  the 
left  of  the  diagram). 

Curve  S.  Using  the  velocities  in  the  discharge  pipes 
of  206  V  d  and  calculating  capacities  as  for  Curve  7, 
the  construction  ol'  tins  curve  is  similar  to  the  construc- 
tion of  Curve  T. 

Al'I'LICATIOX   OF   THE    CriiVES 

Ex-ViiPLF.  1.  Knowing  the  stroke  and  diameter  of  a 
water  cylinder  to  find  the  capacity.  If  a  16-iu.  stroke 
pump  with  a  water  cylinder  7  in.  in  diameter  had  a  ]iis- 
ton  speed  of  100  ft.  per  min.,  we  could  obtain  the  ca- 
pacity directly  from  Curve  4  by  reading  the  capacity  of 
a  7-iu.  diameter  as  200  gal.  per  min.  But  this  is  not 
correct  as  Curve  3  shows  that  for  a  16-in.  stroke  pump 
the  piston  speed,  instead  of  being  100  ft.  per  min.  is  113.3 
ft.  per  min.,  and  since 

Acfutil  piston  speed         _  actual  capacHy 

PistonspeedKM  ft.  per  ih in.      capiicifi/forlOOff.pcr  m in. 
then  for  ihis  rase   we   shoidd   have 
113.3 
100 

To  determine  the  diameter  of  suction  pipe,  Curve  7 
is  referred  to  and  for  226.6  gal.  per  min.  the  diameter  is 
found  to  be  41,4  in-  Similarly,  the  discharge  pipe  is  found 
from  Curve  8  to  have  a  diameter  of  3%  i^-  {^^  reading 
pijje  sizes  the  nearest  i/4-in.  pipe  size  larger  than  shown  . 
where  the  curve  cuts  the  line  is  taken.)  The  correspond- 
ing velocities  in  these  pipes  will  be  obtained  from  Curve 
.5  for  the  suction  and  Curve  6  for  the  discharge.  For  the 
414-in.  suction  pipe  there  is  found  a  velocity  of  340  ft. 
per  min.  and  for  the  3:'4-in.  discharge  pipe  a  velocity  of 
40.5  ft.  per  min. 

Example  2.  Knoiving  the  capacity  required,  to  find 
the  size  of  the  cylinder  and  other  quantities.  Suppose  the 
pump  nnist  deliver  500  gal.  per  min.  First,  the  stroke 
must  be  assumed.  This  may  be  fixed  by  conditions  of 
usual  practice.  Assuming  a  stroke  of  8  in.,  if  the  piston 
speed  were  100  ft.  per  min..  Curve  1  shows  that  the  pump 
would  have  to  run  at  75  r.p.m.,  but  to  determine  the 
revolutions  corresponding  to  those  actually  allowed.  Curve 
2  shows,  for  an  8-in.  stroke  60  r.p.m.  and  Curve  3  an 
actual   piston   speed   of   80   ft.   per  min. 

The  next  step  is  to  determine  the  size  of  the  water  cyl- 
inder. For  a  piston  speed  of  100  ft.  per  min.,  from  Curve 
4,  corresponding  to  500  gal.  per  min.,  the  diameter  indi- 
cated  is  11  in.  This  is  not  correct  though,  for  this  pump 
is  to  run  at  a  piston  speed  of  only  80  ft.  per  min.,  there- 
fore, to  deliver  500  gal.  the  cylinder  must  be  larger  than 
11  in.  and,  since  for  a  given  capacity,  the  cross-sectional 
area  or  square  of  the  diameter  must  vary  inversely  as  the 


X  200  =  22ii.(i  fjtil.  per  min. 
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piston  speed,  i.e.,  the  square  of  the  diameter  shouhl  =  11      the  piuni.  must  make  39  r.p.iu..  and  have  a  piston  speed, 


X  11  X    -^77-'  ,  and  the  cylinder  diameter  would  be 


'll  X  11  X 


100 

^(1 


U.-2<) 


C'ur\e  :!.  u[  120  ft.  per  niiu.  t'urve  4  gives  a  capacity  for 
a  :-in.  cyljiider  and  100  ft.  piston  speed  of  200  gal.  per 
iniii. :  Ijut  >ince  this  piston  speed  is  120  ft.  per  min.,  the 
capacity  must  he  increased  in  the  ratio  of  120  to  100,  or 
12(1 


iir  alwui   12f\T  in.  .  i^iu 

Having  the  capacity,  the  ,liamrlcr>  ,,r  su.ti.m  and  dis-      "'I'^'-ity  =  2ii()  X   ^,„,  X  -^M"  gal.  per  min.     But  Curve 
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Diameter  gf  Wa+er  Cylinder",  Size  of  Suction  Pipe  in  Inches  '"''■''■ 

charge  pii)cs  juid  rrspcc  live  vchicitics  may  he  obtained  as  2  shows  that  if  the  stroke  is  .-hortciieil  to  9  m.,  the  pump 

ill    l'Aaiii]ih'   1.  must  be  run  at  -57  r.p.m.  and  then  have  a  jiiston  speed  of 

iv\A.\iiM,K    .').      h'lioiriii;/    tin-    ri/liiiilrr    iliatncler    and  aiiout  8fi  ft.  ])er  min.    (^onsc(piently,  the  ca])acily  of  200 

slrohe,   to  (hlcnnine   the  capacity  for  auij   olltcr  xtrokr.  gal.  per  min.  will  he  decreased  in  the  ratio  of  SG  to  100. 

Having  a  ])iimp  of  7-in.  water  cylinder,  with  a  stroke  of  ,„           8(;         ,^,      , 

lo  :,,     „.] Ml   1      ii                  i  '   r       I         <Y  ■         i     1      •  or  capacity  =  200  X  :r;r^   =   I  i2  gal.  per  mm.,  i.e..  a  (  it- 

i»  in.,  vliiit  will  lie  the  capacity  if  only  a  9-iii.  stroke  is  >        J                ^  100               "^       ' 

^''cd  ^  ference  of  68  gal.  per  min.  in  favor  of  llic  hmger  stroke 

"First  of  ;dl.  Curve  2  shows  that  having  an  IS-in.  stroke,  with  18  less  r.p.m. 


490  POWER-  Vol.  37,  Xo.  14 

ILnuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiuiiniiiiiiiiiiiiiiNiiiiiiiiiiiiiiiiiiiiiiiiniNiniiiiiiiiiiiiiiiiniiiiiiiiii^ 

ELECTRICAL     DEPARTMENT  | 

lUiiniiiniiimDniiiiiiiiiiiiiiinillilllliiiiiiiiHiiiiiiniiiiiiiiiiiiiiiNiiiNiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiniiNii^ 


Three  Wire  System  with   Rotary 
Balancer 

By  a.  M.  Bexnett 

The  advantages  in  the  use  of  the  direct-current,  three- 
wire  system  are  well  known,  and  have  led  to  its  general 
adoption  for  the  transmission  and  distribution  of  elec- 
trical energy  from  central  stations,  as  well  as  in  connec- 
tion with  the  isolated-plant  service.  In  fact,  there  is  no 
class  of  service  having  a  fairly  well  divided  lighting  and 
power  load,  in  which  tliis  system  cannot  be  economically 
and  effectively  employed.  The  two  voltages  existing  on 
the  system,  usually  110  and  220,  meet  the  requirements 
of  lighting  and  power  service  respectively  in  an  ideal 
manner,  inherent  characteristics  of  lamps  requiring  a  low 
voltage,  while  motors  work  equally  as  well  on  the  higher 


o 


0  c 


Fig. 


1.   Possible  Arrangemext  if  Load  Webe 
Always  Balaxced 


voltage,  and  in  the  larger  outputs  will  be  found  to  cost 
materially  less.  The  combination  affords  a  convenient 
Dieans  of  operating  variable-speed  motors  on  a  two-volt- 
age system,  the  motors  being  connected  across  the  outer 
mains,  their  low-voltage  connection  being  made  to  the 
neutral. 

However,  it  is  the  saving  in  line  copper  by  the  use  of 
the  three-wire  system  that  is  the  chief  factor  responsible 
for  its  promotion  and  extension,  this  saving  being  due  to 
the  fact  that  the  energy,  although  used  at  the  lower  volt- 
age, is  transmitted  at  the  higher.  In  a  two-wire  system 
this  energy  would  have  to  be  transmitted  at  the  voltage  at 
which  it  was  used,  which  to  correspond  to  that  of  the 
three-wire  system,  would  be  the  lower  voltage.  In  this 
case,  therefore,  with  the  same  output,  the  current  flowing 
would  be  twice  that  in  the  former  case.  As  the  line  loss 
in  watts  equals  the  square  of  the  current  multiplied  by 
the  line  resistance,  it  is  evident  that  with  a  given  loss,  the 
resistance  in  the  former  case  can  be  four  times  that  in  the 
latter,  or  the  weight  of  copper  one-fourth.  This  takes  ac- 
count of  two  mains  only  in  either  system.  In  a  three- 
wire  system  the  middle  wire  or  neutral  as  it  is  called 
need  be  only  large  enough  to  carry  the  unbalanced  cur- 
rent, which  varies  in  different  installations  from  10  to  25 
]ier  cent,  of  the  total  load.  Figuring  liberally  for  the 
neutral  wire  by  making  it  one-half  the  size  of  the  outside 
mains,  the  weight  of  copper  in  the  three-Tvire  system  be- 
comes five-sixteenths  that  m  the  corresponding  two-wire 
system,  with  the  same  line  loss  in  each  case. 


If  the  load  on  a  two-wire  system  were  such  as  to  be  al- 
ways divisible  into  two  equal  groups,  the  apparatus  com- 
prising this  load  could  all  be  of  the  lower  voltage,  and 
the  two  groups  connected  in  series  across  the  mains  of  a 
system  generating  the  higher  voltage,  with  a  third  line 
connecting  the  inside  ends  of  the  individual  loads,  as 
shown  in  Fig.  1 ;  this  would  serve  to  distribute  the  cur- 
rent from  one  load  group  to  the  other:  Such  an  ar- 
rangement would  permit  advantage  to  be  taken  of  the 
low  voltage  for  lamps,  and  of  the  higher  voltage  for  dis- 
tribution, with  its  consequent  saving  in  copper,  and  would 
insure  a  voltage  balance  on  the  two  sides  of  the  system  as 
long  as  the  resistance  of  the  combined  load  on  each  side 
remained  the  same.  Wliere  there  is  a  divided  load,  how- 
ever, it  is  impossible  to  proportion  and  control  this  so 
txactly,  that  at  all  times  there  is  the  same  load  on  each 
side.  In  the  scheme  shown  by  Fig.  1,  if  the  resistance  on 
one  side  of  the  system  changes,  due  to  switching  off 
]>art  of  the  load,  the  combined  resistance  of  the  two  sides 
rdso  changes,  and  with  it  the  current  flowing  through  the 
connected  apparatus.  But,  inasmuch  as  the  groups  on  the 
two  sides  are  in  series,  the  same  current  must  flow 
through  each,  irrespective  of  the  fact  that  under  the 
changed  conditions,  the  amount  of  current  required  by  the 
two  groups  will  be  different. 

For  example,  consider  eight   25-watt,   125-volt  lamps 

connected  across  250  volts,  as  in  Fig.  1.    The  resistance  of 

each  lamp  is  approximately  625  ohms,  and  their  combined 

resistance  is 

025  X  2 

— -— —   =  312.5  ohms 

This  across  250  volts,  gives  rise  to  a  current  of  O.S  amp.. 


Fig.  2.    Suowixg  Distkibutiox  of  Unbalanced  Load 

and  as  there  are  four  paths  in  multiple,  each  consisting 
of  two  lamps  in  series,  each  path  will  take  0.2  amp., 
w  hich  is  the  normal  current  for  such  lamps.    . 

Now  consider  the  effect  of  turning  off  a  lamp  on  one 
side  of  the  system.  The  combined  resistance  of  the  re- 
maining seven  will  be 

^  +  £|_5  =  364.6  ohms 

which  at  250  volts  allows  approximately  0.68  amp.  to 
flon^  As  this  divides  among  four  lamps  on  one  side, 
each  must  take  0.17  amp.,  or  85  per  cent,  of  its  normal 
current.  On  the  other  side  each  lamp  will  take  one-third 
of  the  total  current  flowing,  or  approximately  0.23  amp., 
which  is  15  per  cent,  in  excess  of  normal  current.  Neither 
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set  of  lamps  is  burning  under  normal  conditions,  nor 
can  the  voltage  on  the  system  be  raised  to  allow  more 
current  through  the  dimly  burning  lamps,  without  cor- 
respondingly increasing  the  current  taken  by  those  that 
are  already  burning  too  brightly.  It  is  necessary,  there- 
fore, to  so  arrange  the  source  of  power,  that  a  voltage 
of  one-half  that  between  the  outside  mains  be  provided 
for  the  third  wire,  in  order  that  the  load  on  one  side  may 
be  independent  of  that  on  the  other.  In  other  words, 
the  load  on  each  side  must  be  at  an  independent  voltage. 
To  this  end  various  methods  have  been  devised,  of  whicli 
two  only  are  in  general  use  at  present ;  these  are  the 
three-wire  generator,*  and  the  rotary  balancer. 

The  rotary  balancer  in  its  most  common  form  consists 
of  two  like  machines  with  their  shafts  coupled  together, 
and  their  armatures  connected  in  series  across  the  mains 
of  an  ordinary  two-wire  system,  as  in  Fig.  2,  where  G 
represents  the  main  generator,  and  A  and  B  the  two  ma- 
chines comprising  the  balancer.  Each  of  the  latter  is 
wound  for  one-half  the  voltage  of  the  main  generator,  and 
their  combined  rating  in  amperes  is  made  equal  to  the 
probable  difference  in  load  between  the  two  sides  of  the 
system.  This  is  known  as  the  unbalanced  load,  which  is 
carried  by  the  neutral  wire,  taken  off  from  the  balancer 
at  the  point  where  the  two  armatures  connect. 

Of  course,  it  will  be  understood  that  apparatus  de- 
signed for  the  voltage  between  the  outside  mains,  can  be 
connected  across  these  mains,  without  affecting  in  any 
manner  the  unbalanced  load  of  the  system. 

The  action  of  the  balancer  is  as  follows :  When  the 
load  on  the  system  is  balanced,  that  is,  the  same  on  both 
sides,  the  two  machines  run  as  motors  in  series  across  the 
outside  mains.  Xo  work  is  done,  and  no  current  is  used 
except  that  necessary  to  overcome  the  losses  of  the  ma- 
chines running  free.  As  soon,  however,  as  one  side 
of  the  system  becomes  more  heavily  loaded  than  the  other, 
this  action  of  the  balancer  ceases.  The  drop  in  voltage 
on  the  side  having  the  heavier  load  will  be  the  greater, 
and  the  voltage  impressed  on  the  machine  on  this  side 
will  be  reduced.  The  machine  connected  across  the  lighter 
loaded  side,  having  the  higher  voltage,  will  now  tend  to 
run  faster  than  the  other,  and  drive  it  as  a  generator. 
The  motor  will  act  as  a  load  on  its  side  of  the  system, 
lowering  the  voltage  on  that  side,  while  the  generator  will 
supply  current  to,  and  raise  the  voltage  on  the  heavily 
loaded  side.  The  combined  current  of  the  two  machines 
IS  equal  to  the  unbalanced  load  of  the  system,  and  the 
effect  on  the  voltage  is  to  restore  the  balance. 

As  the  unbalanced  load  may  shift  at  any  time  from 
one  side  to  the  other,  it  is  evident  that  this  action  of  the 
balancer  must  also  shift.  Either  machine  may  at  one  in- 
stant be  operating  as  a  motor,  and  at  the  next  as  a  gen- 
erator. As  the  direction  of  rotation  is  always  the  same, 
it  is  impossible  at  any  time  to  tell,  without  knowing  liow 
the  load  is  balanced,  which  is  the  motor,  and  whicii  tiie 
generator. 

It  is  usual  ill  speaking  of  the  current  in  the  balancer, 
to  say  that  one-half  the  unbalanced  load  is  taken  by  each 
machine.  This  would  be  true  if  no  losses  existed  in  the 
machines.  As  these  losses  must  be  supplied  by  the  motor, 
tl-!e  actual  division  of  current  is  such,  that  that  taken  by 
the  motor  is  in  excess  df  that  in  the  generator  by  the 
amount  of  the  losses  in  the  two  arinaf urcs.    This  division 

'The  three-wire  generator  was  fiill.v  discussed  In  an  article 
by  the  author  In  the  Oct.  8.  1912.  Issue. 


of  current  can  best  be  shown  by  an  example,  and  for 
simplicity  the  losses  in  the  two  machines  will  not  be  con- 
sidered. In  Fig.  3  with  ten,  60-watt  lamps  on  the  posi- 
tive side  and  six  on  the  negative  side,  the  total  load  on 
the  main  generator  is 

16  X  HO 

■240       =  ■^  ""'^'■ 
This  is  the  current  going  out  at  the  positive  brush,  and 
returning  by  the  negative.     The  load  on  the  positive  side 


10  X  (JO 
120 


5  amp. 


and  that  on  the  negative  side  is 
6  X  fiO 


1-20 


3  amp. 


The  unbalanced  load  is  2  amp.  Therefore,  B  will  run 
at;  a  motor,  drawing  its  power  from  the  main  generator, 
and  will  drive  /I  as  a  generator,  which  in  turn  will  fur- 
nish current  to  the  heavily  loaded  side.  The  current  in 
each  machine  will  be  1  amp.,  that  is,  the  unbalanced  load 
!S  divided  between  the  two  machines.  The  one  ampere 
taken  by  the  motor  is  added  to  the  3-amp.  lamp  load 
on  that  side,  making  the  4  amp.  furnished  by  the  main 
generator.  These  -4  amp.  have  added  to  them  the  1  amp. 
furnished  by  the  generator  half  of  the  balancer  set,  mak- 


4  AH  PERES  3AMPCRK  ".w.^ 

Fn;.  3.   Unhai..\.\(K»  Load 

ing  the  5  amp.  required  on  the  positive  side  of  the  sys- 
tem. 

The  direction  of  current  How  with  unl)alanced  load  can 
be  seen  from  inspection  of  Fig.  2,  being  shown  by  the 
arrows  on  the  dotted   lines. 

Balancer  sets  may  be  either  shunt  or  compound  wound. 
A  common  method  of  connecting  a  shunt-wound  bal- 
ancer is  shown  in  Fig.  2,  the  fields  of  the  two  machines 
being  in  series  across  the  mains  of  the  system.  In  this 
case  both  machines  have  the  same  field  strength,  and 
the  counter  electro-motive  force  generated  by  each  is  the 
same.  The  regulation  is  poor,  due  to  the  drop  in  sjieed 
of  the  motor  with  increasing  load,  and  for  this  reason  this 
method  of  connection  is  not  to  bo  recommended. 

Regulation  in  a  shunt-wound  balancer  may  be  improved 
by  crossing  the  fields,  and  connecting  their  middle  points 
to  the  neutral,  as  in  Fig.  I.  This  puts  the  motor  field 
across  the  voltage  on  the  generator  side  of  the  system, 
and  the  generator  field  across  that  on  the  motor  side. 
With  a  l;,ilaiiced-load  condition  the  effect  of  this  method 
is  no  difTerent  to  that  of  the  straight  connection  shown 
in  Fig.  2,  but  with  an  unbalanced  load  the  motor  field, 
being  subjected  to  the  lower  voltage  of  the  generator  side, 
is  weakened,  the  speed  of  the  set  is  raised,  and  with  it 
the  voltage  of  the  generator.  This  latter  effect  is  still 
further    increased    as    the    fields    of    Ww.    generator    arc 
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sirengtliened  at  the  same  time  by  being  connected  across 
the  side  of  the  system  with  the  higher  voltage. 

Even  with  the  increase  of  voltage  thus  obtained  the 
voltage  unbalance  on  the  two  sides  of  the  system  is  not 
fully  comjieusated  for,  and  resort  must  be  had  to  other 
means  to  raise  the  generator  voltage  with  an  increasing 
unbalanced  load.  This  can  be  done  by  the  addition  of  a 
series  winding  to  the  field  of  each  machine,  which  must 
be  counected  so  that  in  the  motor  it  opposes  the  shunt 
field,  and  in  the  generator  strengthens  it.  As  the  unbal- 
anced load  then  becomes  greater,  and  with  it  the  drop  in 
voltage  on  the  heavily  loaded  side,  so  the  eft'ect  of  these 
series  windings  becomes  greater.  The  motor  field  is  weak- 
ened, and  the  speed  increases  as  in  the  case  of  the  shunt 
balancer  just  described.  This  combined  with  the  strength- 
ening of  the  generator  field,  raises  the  voltage  of  the  gen- 
erator, compensating  for  the  increased  voltage  drop  on 
the  system. 

There  are  various  methods  of  connecting  the  series 
A'.-indings  into  the  circuits  of  the  system,  the  most  widely 
used  of  which  are  showii  in  Figs.  4,  5  and  G. 

In  Fig.   4   these  are  shown   connected   in   the   neutral 


hitor  in  the  shunt  field  circuit  of  one  of  the  machines,  as 
at  R,  Fig.  4,  will  suffice  for  adjustment  of  the  voltage. 
But  if  two  or  more  sets  are  to  be  operated  in  parallel, 
each  should  be  provided  with  two  regulators  to  properly 
adjust  the  voltage.  These  should  be  connected  as  in  Fig. 
.J.  or  a  three-point  regulator  may  be  used,  as  in  Fig.  6. 
This  latter  is  preferred,  as  manipulation  of  one  rheostat 
is  easier  than  two.  Adjustment  by  rheostat  is  made  under 
no-load  condition.  If  further  adjustment  is  necessary 
under  load,  it  should  be  done  by  shunting  part  of  the 
current  from  the  series  windings. 

A  starting  rheostat  connected  in  the  armature  circuit 
of  one  of  the  machines  permits  the  set  to  be  started  and 
brought  tip  to  speed. 

A  form  of  balancer  sometimes  used  where  the  load  to 
be  taken  care  of  is  small,  consists  of  a  machine,  the  arma- 
ture of  which  has  two  like  windings,  each  connected  to  its 
own  commutator.  This  rotates  in  a  single  field.  On  this 
account  voltage  adjustment  by  field  regulator  is  not  pos- 
sible, as  the  same  field  flux  affects  both  armature  wind- 
ings alike.  A  series  winding  is  not  of  use  for  the  same 
reason.     It  can  be  readilv  seen  that,  due  to  lack  of  volt- 
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circuit.  The  same  current  flows  through  each  winding, 
and  the  weakening  effect  on  the  motor  field  is  the  same 
as  the  strengthening  effect  on  the  generator  field.  The 
operation  of  the  set  is  very  stable  under  all  conditions  of 
load. 

The  connection  shown  in  Fig.  5  where  the  series  wind- 
ing of  each  machine  is  in  the  armature  circuit,  is  open 
to  the  objection  that  with  increasing  load  the  operation 
of  the  set  becomes  unstable,  due  to  excessive  field  weaken- 
ing of  the  motor.  In  this  case  the  same  current  does 
not  flow  through  both  windings,  as  the  neutral  current 
divides  on  reaching  the  balancer,  the  larger  portion  pass- 
ing to  the  motor  as  previously  explained.  The  differential 
effect  on  the  motor  field  is,  therefore,  greater  than  that  in 
the  preceding  case,  and  its  field  flux  is  decreased  at  a 
greater  rate  than  the  generator  flux  is  increased.  This 
action  becomes  aggravated  on  overload,  and  the  result  is 
excessively  high  speed  with  ])oor  regulation. 

By  crossing  the  series  fields,  as  in  Fig.  6.  this  objection 
is  overcome.  The  motor  current  passes  through  the  gen- 
( rator  field,  and  the  generator  current  through  the  motor 
field.  Hence,  the  compounding  effect  of  the  generator 
field  is  greater  than  the  differential  effect  of  the  motor 
field,  due  to  the  larger  current  passing  through  the 
former.  The  necessary  voltage  balance  is  obtained,  there- 
fore, with  less  speed  increase,  and  the  action  of  the  set 
becomes  even  more  stable  than  in  the  case  of  Fig.  4. 

Where  only  one  balancer  set  is  to  be  used,  a  single  regu- 


age  adjustment  and  compounding,  regulation  with  this 
arrangement  will  be  poor. 

The  switchboard  equipment  for  balancer  sets,  in  addi- 
tion to  the  starter  and  regulator  previously  mentioned, 
usually  consists  of  a  double-pole  and  a  single-pole  switch, 
and  a  central  zero  ammeter.  A  voltmeter  switch  may  be 
provided  by  means  of  which  the  voltage  across  the  out- 
side mains  of  the  system,  and  also  between  either  main 
i'lid  the  neutral  may  be  read  from  the  voltmeter  on  the 
main  generator  panel.  The  double-pole  switch  is  placed 
ill  the  lines  connecting  the  set  to  the  mains  of  the  system, 
and  the  single-pole  switch  in  the  neutral. 

If  a  protective  device,  such  as  a  circuit-breaker,  is 
used  in  the  neutral,  it  should  be  arranged  to  also  trip  the 
main  generator  breaker.  Otherwise,  if  from  overload  on 
the  neutral  or  a  short-circuit,  this  breaker  should  open, 
the  lamps  on  the  system  would  be  thrown  in  series  across 
the  outside  mains,  and  they  would  burn  out  before  the, 
neutral  circuit  could  again  be  established.  Such  a  device 
in  addition  to  the  protection  it  affords  the  load  on  the 
system,  is  also  a  safeguard  to  the  balancer  set.  For  the 
reason  just  stated  fuses  should  not  be  used  in  the  neutral, 
unless  they  are  of  a  capacity  to  withstand  any  probable 
overload  on  this  circuit. 

For  individual  feeder  circuits,  three-pole  switches  are 
all  that  is  required,  though  in  many  cases  three-pole  cir- 
cuit-breakers are  used,  with  a  coil  in  each  outside  wire. 
These  connections  are  shown  in  Fig.  7. 
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111  starting  up  the  balancer,  the  neutral  switch  and  those 
lo  the  feeder  circuits  should  be  open.  The  double-pole 
switch  >h(iulil  llicii  l)c  closed  and  the  set  brought   up  to 


Mains  from\ 
6enenafor\ 


Feeder 
Circuit 
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speed  bv  means  of  the  starter.  The  neutral  switch  can 
then  be  closed,  and  after  it,  the  various  feeders  can  be 
connected  to  the  main  circuit. 

Mr.  Bryant's   Motor  Trouble 

\u  regard  to  Mr.  Bryant's  inquiry  in  the  Feb.  25  is- 
sue, I  would  say  that  it  is  indeed  a  peculiar  case  of  motor 
trouble.  He  states  that,  although  the  motor  does  not 
work  properly,  each  separate  part  is  in  good  condition 
and  as  it  should  be,  with  the  exception  of  a  20-volt  ground 
which,  however,  he  does  w:.  believe  to  be  the  cause  of  the 
trouble. 

A  ground  of  20  volts  on  one  phase  only,  will  not  in- 
terfere with  the  working  of  an  induction  motor,  as  1  have 
known  motors  to  carry  a  full  load  with  a  ground  on  one 
pha.se  equal  to  the  rated  voltage  of  the  motor. 

Mr.  Bryant's  statement,  "The  stator  windings  had  just 
been  renewed  and  the  cross-connections  were  made  in  ac- 
fiordance  with  the  manufacturer's  drawing  for  Y-wound 
motors  of  this  ty])e"  is  not  quite  clear.  It  may  be  that  he 
u.sed.a  drawing  for  Y-wound  motors  of  that  type,  but  that 
the  drawing  was  not  for  that  particular  motor.  The  term 
Y-wound  is  rather  indefinite  as  it  may  mean  either  a 
one-circuit  Y  or  a  two-circuit  Y  connection.  All  motors 
of  the  same  type  and  number  of  poles  do  not  have  the 
same  coil  connect  ions  as  the  voltage  also  has  to  be  con- 
sidered. 

I  would  suggest  that  a  drawing  of  the  coil  connections 
for  that  particular  motor  be  procured  from  the  manu- 
facturers (giving  them  the  motor  number,  r.p.m.,  type 
Jiiid  voltage)  and  then  see  if  it  conii>ares  with  the  way 
llie  motor  is  connected  at  present. 

if  the  supply  voltage  and  frequency  corresponds  with 
that  called  for  by  the  nainephite,  and  the  motor  is  not 
overloaded,  the  cause  of  ils  not  coming  up  to  speed  and 
heating  would  very  likely  be  due  to  e.vcessivc  friction  in 
the  motor  itself  or  to  imjiroper  coil  eonneetinns.  As  the 
coils  have  just  been  renewed  and  reconnected,  it  would 
seem  quite  jirobable  that  the  trouble  is  in  them. 

L.  11.   HOI.TZAPPLE. 

Winona,  Mich. 


Induction  Motor  Refused  to  Start 

A  T-hp.,  400-volt  induction  motor,  working  on  a  40- 
volt,  single-phase,  3-wire  system  with  a  grounded  neutral 
refused  to  start  one  morning.  I  first  tested  at  A  and  B 
through  a  200-volt  lamp  to  earth,  the  lamp  lighting  on 
each  side  which  showed  conclusively  that  current  was  on. 

Next,  I  searched  for  loose  connections,  but  could  find 
none,  and  as  a  last  resort  grounded  one  side  at  the  fuse 
and  tried  the  motor  at  200  volts  between  the  outer  line  A 
and  the  earth.  The  result  was  that  the  motor  started 
slowly  and  after  a  considerable  time,  in  comparison  with 
that  usually  required  for  starting,  ran  up  to  speed  but 
stopped  as  soon  as  any  load  was  put  on. 

This  gave  a  clue  to  the  trouble  and  to  verify  it  I  put 
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Main  Switch  and  Fuses 

two  200-volt  lamps  in  series  across  .45,  and  no  light 
showed,  there  being  no  voltage  between  the  mains,  al- 
though each  showed  200  volts  to  earth ;  this  proved  that 
A  and  B  were  of  the  same  polarity. 

There  had  been  extensions  to  the  mains  just  previous 
to  this  and  a  mistake  had  been  made  in  connecting  up, 
both  the  outer  wires  being  put  in  parallel.  The  lighting 
being  on  the  200-volt  circuit  remained  unaffected  as  there 
were  200  volts  between  the  outer  wires  and  the  neutral. 

L.  H.  Field. 

X.  Adelaide,  Australia. 


Charging  Dry  Batteries 

In  the  Feb.  IS  issue,  Mr.  McOerry  describes  a  method 
of  recharging  dry  batteries.  During  the  past  week  I  have 
tried  out  some  25  batteries  as  per  the  directions  given, 
taking  care  to  follow  them  very  carefully.  I  was  able  to 
get  as  high  as  12  amp.  out  of  one  and  lower  readings  out 
of  the  rest,  but  after  allowing  the  batteries  to  stand  10 
to  12  hr.  they  were  as  dead  as  ever. 

I  would  like  to  inquire  if  Mr.  Mc(ierry  used  any  ncid 
or  other  material  in  the  water  with  which  he  soaked  his 
batteries.  Possibly  he  may  be  able  to  give  some  reason 
why  all  the  batteries  failed  to  resurrect  themsehcs.  T 
made  a  very  careful  inspection  of  the  zinc  covers  before 
attem])ting  tli(>  experiment. 

R.  S.   KiN«. 

Kllendale,    X.    1). 


In  a  rpcont  Issup  wp  mfntlonpd  an  Instruptlvo  little  device 
called  the  "Ciirrent-O-Scope"  which  Fairbanks.  Morse  &  Co. 
were  distributing?  for  ihv.  apiece.  Otir  readers  will  be  In- 
tprpflted  to  know  that  the  above  company  has  now  decided  to 
send  these  to  pnelneprs.  frpc  of  charge.  In  rpturn  for  Informa- 
tion   resardlOE    the    e(iiilpment    under    their   care. 
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Jacket  Water  Requirements  of  Internal 
Combustion    Engines 

By  Reginald  Tkautschold 

Tests  ami  practice  have  indicated  that  a  well  designed 
internal-c'ombustiou  engine  operates  most  economically 
when  its  jacket  water  is  discharged  at  the  highest  tem- 
perature attainable  without  serious  generation  of  steam  in 
the  engine  jackets,  a  temperature  of  about  185  or  190 
deg.  F. ;  also,  that  the  temperature  of  the  jacket-water 
supply  has  little  effect  upon  the  fuel  consumption  of  the 
engine  provided  a  difference  of  at  least  105  deg.  is  main- 
tained between  the  temperatures  of  the  incoming  and 
the  outgoing  water.  To  maintain  a  suitable  temperature 
of  discharge,  then,  the  quantity  of  water  supplied  to  the 
jackets  and  the  temperature  at  which  it  is  admitted  are 
the  two  governing  conditions. 
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1.   Effect  of  Load  on  Fuel  and  Jacket- Water 
Consumption 


Considering  first  the  consumjition  of  jacket  water,  not 
only  does  the  load  on  the  engine  afi'ect  the  quantity  re- 
quired, but  the  efficiency  of  the  engine  under  the  load 
must  also  be  taken  into  consideration.  Considering  both 
fuel  and  jacket-water  requirements  as  unity  at  full  load, 
when  the  engine  operates  at  its  best  efficiency,  the  in- 
crease in  fuel  and  jacket-water  requirements  for  the  best 
results  in  a  typical  case  are  given  in  Table  I,  which  is 
graphically  shown  in  Fig.  1.  At  three-eighths  load, 
about  the  lightest  load  that  an  engine  in  an  efficient  in- 
stallation is  called  upon  to  carry,  the  fuel  requirements 
per  horsepower  are  54.5  per  cent,  greater  than  when  op- 
erating under  full  load,  while  the  jacket-water  require- 
ments are  2.85  times  as  great  as  under  the  more  efficient 
operation.  This  relation  is  about  constant  regardless  of 
the  temperature  of  the  water  fed  to  the  jackets,  provided 
it  is  not  much  more  than  80  deg.  F.'  above  which  tem- 
perature of  supply  the  generation  of  steam  in  the  jackets 
commences  to  become  serious  before  the  efficient  tempera- 
ture ranges  of  105  deg.  is  attained,  resiilting  in  reduced 
jacket  efficiency  and  a  corresponding  increase  in  fuel  con- 
sumption. 


The  temperature  of  the  water  supply  to  the  jackets 
has  an  effect,  however,  upon  the  consumption  of  jacket 
water,  for  the  cooler  the  water  the  longer  it  can  be  re- 
tained in  the  jackets,  water  of  a  higher  temperature 
reaching  the  advisable  temperature  of  discharge 
through  a  lesser  temperature  range.  The  minimum  prac- 

TABLE  I.     EFFECT  OF  LOAD  ON  FUEL  AND  JACKET-WATER 
CONSUMPTION 

Consumption  per  Horsepower 
Fuel  Jacket  Water 


Load 
FuU 


X.OOO 
1.048 
1.108 
1.200 
1.32S 
1.545 


1.000 
1.099 
1.232 
1.440 
1.76S 
2.850 


tical  temperature  of  the  jacket-water  supply  is  about  35 
deg.  F.  while  its  maximum  temperature  is  about  80  deg. 
Considering  the  required  quantity  of  jacket  water  at  an 
entering  temperature  of  35  deg.  as  unity,  the  quantity 
of  jacket  water  required  at  other  temperatures  of  sup- 
ply and  under  various  engine  loads  is  given  in  Table  II. 
In  installations  where  the  jacket  water  is  used  over  and 
over,  the  rate  of  consumption  is  of  secondary  importance 
as,  within  rea.sonable  limits,  this  simply  necessitates  in- 
creasing or  decreasing  the  mean  velocity  of  the  water 
through  the  jackets.  Where  water  is  sufficiently  cheap 
to  permit  its  being  wasted,  the  supply  temperature  is 
usually  relatively  low  and  t^^  ">  saving  that  accrues  from 
low  temperature  of  supply  may  or  may  not  be  sulliciently 

TABLE  II.     EFFECT  OF  SUPPLY  TEMPER-\TURE  ON  JACIvET- 
WATER  CONSUMPTION 


Temperature 

Quantit 

•  of  Jacket  Wate 

r  Required 

at  Vario 

as  Loads 

of  Water  Supply 

Full 

i 

J 

1 

J 

? 

35  F. 

1  (X)0         1 

.135 

1.313 

1.598 

2.041 

2  735 

40 

1   0.30          1 

.165 

1.343 

1.628 

2.071 

2.765 

4.5 

1,007         ] 

.202 

1,„80 

1.665 

2.108 

2.802 

50 

1 , 108          ] 

.243 

1.421 

1.706 

2.149 

2  843 

55 

1.151          1 

.286 

1.464 

1.749 

2.192 

2.886 

60 

1 . 19S          1 

333 

1.511 

1.796 

2.239 

2  933 

65 

1 . 245          1 

.379 

1.558 

1.843 

2.286 

2  980 

70 

1.295          1 

.429 

1.609 

1.893 

2  336 

3.030 

75 

1   353          1 

.487 

1.667 

1.951 

2.394 

3  088 

80 

1 , 422          1 

.556 

1.736 

2.020 

2.463 

3.1.57 

great  to  take  into  consideration.  The  former  practice, 
that  of  cooling  the  water  and  using  it  over  again,  is  the 
more  common  and,  as  the  rate  of  consumption  is  of  lit- 
tle importance,  the  effect  of  supply  temperature  on  the 
consumption  of  jacket  water  is  of  interest.  Considering 
the  requirements  at  full  load  as  unity,  this  relation  is 
graphically  shown  in  Fig.  2,  and,  although  little  differ- 
ence in  the  requirements  of  an  engine  operating  under 
at  least  %  load  is  noticeable,  there  is  considerable  varia- 
tion between  %  and  %  load.  From  full  load  to  %  load 
the  increase  in  jacket-water  consumption,  with  water  sup- 
plied at  35  deg.,  would  be  173.5  per  cent.'  while  in  th3 
case  of  jacket  water  supplied  at  80  deg.  the  increase  for 
the  same  range  in  load  would  only  be  128  per  cent.  ' 

The  jacket-water  requirements  in  gallons  per  horses 
power  at  various  loads  and  supjily  at  temperatures  for  an 
efficient  oil  engine  are  indicated  in  Fig.  3 :  also,  this  may 
be  taken  as  typical  of  internal-combustion  engines  op- 
erating on  any  fuel.  A  fuel  low  in  heat  value,  such  as 
ordinary  city  gas  and  producer  gas,  requires  more  jacket 
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water  for  power  developed  than  richer  fuels,  but  the  ef- 
fect of  load  and  jaeket-water  requirements  on  fuel  eon- 
^Jum,ption  is  about  the  same.  In  any  event,  the  im- 
portance of  carefully  regulating  the  jacket-water  supply 
to  conform  with  the  engine  load  is  evident,  for  the  tem- 
perature range  of  the  jacket  water  is  directly  dependent 
upon  its  supply. 

In  installations  where  the  cooling  jacket  water  is  u.sed 
repeatedly,  there  is  no  appreciable  gain  in  reducing  the 
temperature  of  the  supply  to  much  below  80  deg.  F.  In 
fact,  at  this  temperature  there  is  an  advantage,  dlhcr 
than  that  of  reducing  the  cooling  facilities  that  must 
otherwise  be  provided ;  for,  the  supply  of  jacket  water 
when  the  engine  is  operating  under  light  load  does  not 
have  to  be  relatively  increased  as  much  as  when  the 
water  supply  is  cooler,  facilitating  regulation,  or  rather 
minimizing  losses  in  efficiency  should  the  regulation  not 
be  sufficiently  sensitive.  In  installations  where  the  jacket 
water  is  wasted,  the  supply  may  be  advantageously  as 
near  3.5  deg.  as  possible  and  thus  decrease  the  consump- 
tion,  even   though   the   rehitive   increase   in    jacket-water 


Removing   Piston  Rings 


By  a.   L.    Hi;i;nn an,  .Iii. 

It  is  invariably  found  that  unless  ])roi)er  precautions 
are  taken  in  removing  piston  rings  that  the  operator  will 
be  confronted  with  one  or  more  broken  rings.  This  is 
because  the  rings  are  of  cast  iron,  which  is  limited  in 
elasticity;  consequently  rare  must  be  taken  not  to 
■'spring"  the  rings  too  much  when  opening  them  to  clear 
the  grooves.  Piston  rings  tluit  have  become  badly 
gummed,  due  to  faulty  lubrication  and  fit  tightly  in  their 
grooves  or  are  rusted  in,  will  need  particular  attention. 
In  this  case  it  is  always  advisable  first  to  soak  the  piston 
in  kerosene  for  a  few  hours.  This  softens  the  carbon  or 
rust  and  frees  the  rings:  but  if  the  pistons  are  in  a  par- 
ticularly bad  condition  it  may  be  necessary  to  pound  the 
rings  loose — an  operation  which  should  be  performed 
only  with  a  wooden  or  lead  hammer.  Never  hit  a  pis- 
ton or  ring  with  a  steel  hammer;  however,  a  piece  of 
wood  may  be  placed  against  the  rings  and  the  wood 
tapped  with  a  hamnuir. 


Load 


Fii:.   ■<;.    .1  AcKi-n-WAi  i;i;    i!i:Q[-ii;EMEXTS   at    Diffkukxt 
l>oAiis  AN  l)i:i'KNi)K\  r  ii\  Tk-Mperature  ok  SrpiM.v 


i.8  2.0  22  2 A  2.6  2.8  3.0  3.2  J.4  5.6  l&  4.0  i2  4.4  4.6  4.8  5.0  5,2  5.4  5.6  S.8 
QuorrH+y  of  Jacket  Wa+er,6cillons  per  Horsepower 

Fig.  .'i.  Efkeot  of  WATKii-Sfi'in.Y  Tkmpicr.^tiiu:  o 
.7a<;ket-\\'.\i'i:i;   l!i:()rti!i:M:;\-|-s 


requii'cmeiits  li-oni  full  to  light  loads  is  greater  and  the 
regulation,  ilierel'ore.  lu'cessarily  nioi'e  sensitive  than 
when  using  warm   water. 

.Veciirate  liaiid  reguhilion  of  ihe  water  supply  to  the 
jackets  is  naturally  dilficult  and  in  many  installations 
automatic  regulators  can  be  advantageously  installed.  The 
saving  in  fuel  consumption  that  is  ])()ssible  through  the 
use  of  such  controllers  or  regulators  de])ends,  of  course 
upon  the  variations  in  engine  load  an<l  u])on  the  atteu- 
lion  of  the  operating  engineer  (o  the  jacket  tempera- 
tures without  such  automatic  devices,  a  fairly  constant 
load,  and  careful  engineers  discounting  the  value  of  a 
jacket-water  controller  as  a  money  saver. 


thi 
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TiincH,"  ('.  K.  .Stromeyor,  chiof  enRlnpf 
of  thi-  Manrhi-atiT  Ste'am  User.s  Association,  (jlvta  the  follow 
Itk  tnbli-  AH  Hhowinif  the  prices  of  the  various  fuels.  lOacI 
column  kIvch  those  prices  at  which  equal  economy  could  b( 
had  If  any  f»f  the  power  professes  mentlonad   are  used: 


Fuel  Pricofl   per   Ton 

Cniili- oil  for  nienel  rnninr-  tK  T-,2  $9.7.3  110  95     $12   17     $l.tl4..39     $fi<) 

Ga..v.lin.-(orKn«olineen(rine  10  70  12  17  13  03       !.'">  (HI        10.79        18  25 

ConI  for  produeer-KM  engine  .  2.79  3.25  "  "         '  ""         '    ""         '  "' 

Coal  for  (tan-fired  boiler 2  07  2.31 

Coal  for  Menm  enitine 2  43  "  "'• 


10  70 

2.79       3.25         3.65  4,02  4  50 

2.50  2.92  3.16 

3.29  3  B5  4.02 


2  92 


4  87 
3.41 

4  .38 


After  the  rings  have  been  siiake(|  in  kerosene  or  other- 
wise freed  of  excessive  eariion  so  that  lliey  work  freely 
in  their  grooves  they  will  be  I'eady  for  i-eiuo\al.  rsually 
about  the  only  tool  an  operator  has  at  hand  that  wih 
help  in  the  removal  of  the  rings  is  a  screwdriver;  ex- 
cept in  rare  instances  this  is  sufficient  when  used  in  con- 
junction with  three  or  four  strips  of  tin  or  sheet  iron, 
the  number  and  size  depending  upon  the  size  of  the  i)is- 
lon.  For  small  motors  slrijis  of  tin  as  long  as  the  ])is- 
Ion  and  from  14  to  i/>  in.  should  be  u.-^ed  as  follows:  TIh! 
ends  of  the  top  ring  should  be  worked  apart  by  gently 
forcing  the  end  of  the  screwdriver  into  the  "cut";  when 
this  is  done  one  side  of  the  ring  will  lift  and  at  this 
jioint  one  of  the  strips  of  tin  should  be  inserted,  Ihen  by 
following  tiie  tin  with  the  scnnvdriver,  tlie  Hn  can  bo 
worked  around  until  it  is  180  deg.  from  the  cut.  It  is 
not  well  to  pry  ii])  the  end  of  the  ring  at  ihe  "cut"  far 
enough  to  clear  the  center  of  the  ring,  for  in  all  ))rol)- 
ai)ility  this  will  sua])  off  a  piece  of  the  ring,  .\fter  the 
first  strip  of  tin  or  iron  is  in  position  the  same  steps 
should  be  followed  when  inserting  the  other  strips  wliieli 
sliould  be  placed  at  00  deg.  apart  wluui  f(uir  are  used. 
or  1'v'O  deg.  apart   when  throe  are  emjiloved.     When   the 
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strips  are  all  in  position  the  ring  will  have  been  elevated 
from  its  groo\'e  and  can  easily  be  remo\ed,  the  strips  of 
tin  not  only  holding  the  ring  out  of  its  groove  but  acting 
as  guides  as  well. 

The  most  convenient  way  to  handle  a  piston  when  re- 
moving the  rings  (if  the  piston  is  free  from  the  engine) 
is  to  have  it  securely  clamped  in  a  vise,  this  will  usually 
call  for  the  piston  being  in  an  upright  position ;  the  jaws 
of  the  vise  being  in  contact  with  the  connecting-rod.  In 
this  case  it  is  advisable  to  remove  the  lowest  ring  first, 
for,  otherwise,  diificulty  may  be  experienced  while  re- 
moving these  rings  last,  as  they  would  have  a  tendency 
to  drop  into  the  grooves  of  the  other  rings  should  the 
guide  strips  slip. 

After  removing  the  rings  they  can  be  easily  cleaned 
with  emery  cloth.  The  grooves  in  the  piston  should  be 
looked  over  and  any  deposits  removed  by  employing  long, 
narrow  strips  of  emery  cloth. 

When  replacing  the  piston  rings  it  is  advisable  to  place 
the  top  ring  in  position  first'  then  the  next  and  so  on. 
By  using  the  strips  of  tin  as  guides  when  putting  the 
rings  back  little  trouble  will  be  experienced.  After  the 
rings  are  in  place  make  sure  that  their  joints  are  equal  dis- 
tances apart,  for  instance,  if  there  are  three  rings  on  the 
piston,  have  their  ends  130  deg.  apart,  or,  if  the  piston 
has  four  rings,  see  that  they  are  90  deg.  apart.  Nearly 
all  piston  troubles  can  be  avoided  by  suitable  lubrication, 
that  is,  by  employing  an  oil  of  the  proper  flash  point,  good 
viscosity  and  using  about  the  correct  amount. 

Kerosene  is  very  good  for  softening  carlion  deposit; 
and  limbering  tip  the  rings,  but  in  most  cases  it  is  neces- 
sary to  use  it  two  or  three  times  to  get  the  best  results. 
Never  pour  kerosene  into  the  cylinders  of  a  gas  engine 
while  the  engine  is  hot,  but  wait  until  it  has  cooled  ofl:, 
for,  if  the  oil  comes  in  contact  with  the  overheated  metal, 
it  will  lose  some  of  its  valuable  cleansing  properties.  After 
pouring  about  a  pint  of  oil  into  each  cylinder,  crank  the 
motor  over  several  times  to  insure  its  distribution  and 
then  allow  the  motor  to  stand  eight  or  ten  hours.  If 
this  is  carried  out  for  three  or  four  successive  days,  even 
if  the  motor  is  operated  in  the  meantime,  considerable 
good  will  result.  This  has  reference  to  rings  and  pistons 
that  are  in  bad  condition.  When  a  motor  is  in  good  con- 
dition, this  should  lie  resorted  to  about  once  a  month, 
and  in  consequence  it  will  seldom  be  found  necessary  to 
remove  the  rings. 


New  Oil  Turbine 

The  English  press  has  recently  contained  accounts  of 
a  new  turbine  of  the  internal-combustion  type  fed  with 
oil.  It  is  a  double-flow  turbine  of  the  Parsons  type,  with 
a  single  admission  port  at  the  center,  through  which  com- 
pressed air  is  forced  at  a  pressure  of  about  960  lb.  per 
sq.in.,  and  at  a  temperature  of  about  1200  deg.  F.  Oil 
is  then  sprayed  in,  and  burns,  and  immediately  a  spray 
of  hot  water  (derived  from  the  jacket  of  the  last  cylinder 
of  the  three-stage  air  compressor)  follows,  being  at  once 
converted  into  steam  at  high  pressure ;  this  expands 
through  the  blading  in  the  usual  way.  Owing  to  the  use 
of  steam,  the  temperature  in  the  blading  is  kept  down, 
thus  avoiding  the  troubles  incidental  to  the  exposure  of 
the  blades  to  excessive  temperatures ;  in  fact,  the  turbine 
has  to  be  lagged  to  prevent  loss  of  heat.     The  action,  it 


will  be  seen,  is  not  quite  continuous,  but  is  nearly  so. 
The  inventors  are  Messrs.  Gavan  and  Leon  Inrig,  who 
have  liuilt  a  6.5-hp.  turbine  of  tliis  type,  running  at  4()(iO 
r.p.m. 

I  CORRESPONDENCE 

An  Operator's  Experience  with  Diesel 
Engines 

In  talks  with  engineers  regarding  a  change  from  steam 
to  gas  or  oil  engines,  I  find  that  the  chief  objection  is 
that  they  are  afraid  the  more  complicated  mechanism  of 
these  newer  types  would  be  too  hard  to  learn,  and  that 
their  positions  would  thus  be  endangered.  My  experience 
has  been,  liowever,  that  there  is  really  but  one  thing  to' 
keep  in  mind  in  operating  a  Diesel  engine  and  that  is 
cleanliness:  from  this  all  the  other  necessary  precautions 
follow.  In  wiping  and  polishing,  one  will  discover  nuts 
that  have  become  loosened  by  vibration,  which  can  be  set 
up  before  any  damage  is  done.  The  strainers  should  be 
cleaned  once  a  week,  which  can  be  done  while  running, 
and  I  have  found  that  the  crank  brasses  on  the  engine  I 
am  operating  need  setting  up  every  six  weeks.  The  fuel, 
nozzles  show,  after  six  months,  no  sign  of  wear.  The 
atomizer  needs  cleaning  every  three  months.  In  fact, 
dirt  is  the  chief  enemy  of  the  Diesel  engine. 

The  next  one  we  order,  however,  will  be  under  slightly 
different  specifications,  and  here  is  where  the  prospective 
buyer  may  benefit  by  our  experience.  We  shall  specify 
that  the  side  doors  be  made  of  aluminum,  so  that  one 
man  may  handle  them  easily;  that  the  studs  holding  the 
needle-valve  gland,  and  the  ears  of  the  gland  itself,  be 
made  heavier;  that  the  back  or  piston  end  of  the  needle 
valve  have  some  sort  of  hook  or  eye-bolt,  so  that  it  can 
be  removed  easily  from  its  cage;  and  that  the  small 
washer  used  as  a  follower  to  the  atomizer  be  screwed  into 
the  cage,  and  made  longer,  so  that  the  excessive  pressure 
of  the  injection  of  air  will  not  be  against  the  packing  and 
the  studs.  Also  the  crank  cases  should  have  large  drain- 
age faucets  to  facilitate  cleaning. 

The  regulation  of  the  Diesel  engine  is  exiellent,  but 
my  experience  does  not  agree  with  the  popular  belief  that 
any  kind  of  fuel  is  "good  enough."  Usually  crude  oil 
will  be  found  to  hold  too  much  water  in  suspension.  A 
little  water  passing  through  the  atomizer,  while  the  en- 
gine is  under  a  heavy  load,  will  cause  the  speed  to  vary, 
although  the  governor  takes  care  of  this  at  once ;  yet  with- 
out a  voltage  regulator  on  the  switchboard,  this  varia- 
tion of  the  speed  would  cause  flickering  of  the  lights.  The 
distillate  known  as  fuel  oil,  is  often  too  thick,  especially 
in  the  winter,  as  it  will  not  run  of  its  own  accord.  The 
arrangement  of  the  suction  valve  on  the  governor  will  not 
seat  itself,  except  by  the  aid  of  springs,  and  these  do  not 
act  quickly  enough  with  the  heavy  fuel  oil  to  give  good 
results. 

Kerosene  is  good,  but  costs  too  much.  This  leaves  us 
in  this  locality  only  with  the  fuel,  known  as  "Solar  oil," 
We  have  found  this  not  only  the  best  fuel  to  use  in  the 
Diesel  engine,  but  the  cheapest. 

Our  fuel  bill,  formerly  $28  per  day  of  24  hr.,  luis  now 
fallen  to  $5  for  the  same  period. 

Great  Bend,  Kan.  Johx   Pierck. 
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Ritz-Carlton  Refrigerating  Plant 

Uue  of  -Xew  York  Citj-'s  newest  and  best  equipped 
hotels  is  the  Ritz-Carlton,  on  West  Fort.y-sixth  St.  and 
Madison  Ave.  The  building  is  16  stories  in  height  and 
contains  400  rooms.  It  is  supplied  with  heat,  light, 
power  and  refrigeration  bv  a  private  plant  in  the  base- 
ment 63  ft.  below  the  street  level.  In  a  previous  issue  the 
lieating  and  ventilating  plant  was  described,  and  the 
present  article  will  deal  with  the  refrigerating  apparatus. 
.\n  addition  has  just  been  made  to  the  plant  for  air  cool- 
ing in  the  hot  summer  months  and  the  compressor  equip- 
ment now  consists  of  three  machines,  two  50-ton  com- 
pressors, and  a  175-ton  machine  for  the  air  cooling.     All 


similar  in  type,  size  of  pipe  and  length,  and  consists  of 
10  sections  12  pipes  high.  The  general  arrangement  of 
the  plant  and  size  of  the  piping  is  shown  in  Fig.  1. 

Primarily  the  plant  was  laid  out  for  ice  making  and 
general  refrigeration,  consisting  of  a  low-pressure  brine 
line  for  cooling  96  refrigerators,  a  high-pressure  brine 
system  for  cooling  14  service  refrigerators  from  the  third 
to  the  thirteenth  floor,  a  water-cooling  system  on  direct 
expansion  with  a  capacity  to  cool  500  gal.  of  water  per 
hour  from  76  to  40  deg.  F.  and  a  carafie  freezer  for 
the  freezing  of  500  water  bottles  for  the  tables.  The 
temperature  of  the  brine  delivered  to  the  refrigerators  is 
-f-5  deg.  F.  and  that  for  the  ice-cream  freezers  ranges  be- 
tween 0  and  — 5  deg.  F. 

Artificial  ice  is  made  with  a  modified  raw-water  sys- 
tem having  a  capacity  of  15  tons  per  day  of  24  hr.  Three 
hundred-pound  cakes  are  frozen  in  14  to  16  hr.,  depend- 
ing on  the  temperature  of  the  brine  and  the  rapidity  of 
circulation.  The  cans  have  a  double  wall  with  14  in. 
space  between.  The  brine  is  circulated  in  this  space  and 
does  not  enter  the  tank  as  is  usual  in  other  systems.  Air 
is  introduced  at  the  bottom  of  the  can  and  blown  up- 
ward during  the  process  of  freezing  so  that  the  agitation 
resulting  will  cause  impurities  in  the  water  to  drop  into 
an  extension  or  nonfreezing  zone  at  the  bottom  of  the 
can.     The  location  of  the  ice  tank  is  shown  in  Fig.  1. 

Of  particular  interest  is  the  air-cooling  system,  as  there 


Fig.  1.  Arrangemext  of  CO..  Pl.\xt  ix  the  Ritz-Carlton 


ire  Kroeschell  carbon-dioxide  comj>ressors  driven  by  sim- 
ile Corliss  engines;  tlie  smaller  engines  are  14x36  in.  and 
he  large  engine  18x42  in.     Tiic  machines  work  between 

suction  pressure  of  20  atmospheres'  and  a  condenser 
iressure  of  62  atmospheres.  All  arc  cross  connected,  so 
hat  any  one  compressor  may  l)e  used  for  any  service  de- 
iiandcd  of  the  refrigerating  plant. 

The  condenser  is  of  the  double-pipe  counter-current 
ype,  consisting  of  eleven  sections  of  I'/t-  and  2V2-'"- 
lipes  20  ft.  long  and  18  pipes  high.  During  the  winter 
lonths.  cooling  water  of  39  deg.  is  available,  and  in 
he  summer  its  temperature  is  around  76  deg.  In  close 
Toximitv  to  the  conden.ser  is  the  lirine  cooler,  which  is 


are  only  a  few  installations  of  the  kind  in  this  country. 
The  service  is  used  for  the  ballroom,  banquet  hall  and 
private  dining  rooms,  and  there  is  capacity  to  cool  60,000 
cu.ft.  of  air  20  deg.,  with  the  temperature  of  the  incom- 
ing air  at  85  deg.  F.  and  60  ])er  cent,  humidity.  The 
air  to  be  cooled  is  conducted  to  an  insulated  room  about 
16  ft.  wide,  12  ft.  long  and  7Vi;  ft.  high.  Fig.  2  gives 
an  indication  of  the  layout.  The  same  room  is  used  for 
heating  and  tempering  the  air  during  the  cold  montiis 
and  the  same  motor-driven  fans  circidate  and  distribute 
the  air  to  the  various  rooms.  As  may  be  seen  in  the  draw- 
ing, the  air  first  pas.ses  over  the  temjiering  coils,  which 
in  the  heating  sea.«on  are  supplied  witli  steam.     It  theft 
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passes  through  a  spray  chamber  where  the  impurities  are 
washed  out  and  comes  in  contact  with  coils  of  1-iu.  direct- 
expansiou  piping,  75  ft.  of  pipe  per  ton  of  air  cooling 
being  allowed. 

From  spray  nozzles  at  the  top  of  the  chamber  a  con- 
stant stream  of  water  is  kept  flowing  over  the  coils,  which 
prevents  the  formation  of  frost  and  maintains  the  coils 
at  their  highest  efficiency.  The  humidity  is  controlled 
by  the  drop  in  temperature  through  tlie  coils.  At  the 
lower  temperature  the  dew  point  is  exceeded  and  part 
of  the  moisture  is  condensed.  It  is  removed  as  the  air 
passes  through  the  elimiiuitor  at  the  outlet  end  of  the 
chamber.  In  passing  through  the  distributing  ducts  to 
the  rooms  the  temperature  of  the  air  is  raised  by  the 
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Fig.  3.   Aib-Coolixg  Chambeu 

higher  outside  tenij^erature.  AVith  the  same  amount  of 
moisture  the  air  will  have  a  lower  humidity  at  the  higher 
temperature,  so  that  by  properly  adjusting  tiie  drop  and 
subsequent  rise  in  temperature  it  is  an  easy  matter  to 
maintain  the  desired  temperature  and  humidity  in  the 
rooms. 

In  each  of  the  rooms  to  be  cooled  there  is  a  series  of 
registers  at  the  ceiliug  and  a  second  series  at  the  floor.  In 
the  winter  the  air  is  introduced  at  the  ceiliug  and  drawn 
out  at  the  floor,  Imt  in  the  summer  mouths  the  circulation 
is  reversed  by  means  of  reversing  dampers  in  the  ducts. 
The  cold  air  enters  at  the  floor  and  as  it  is  heated  rises 
to  the  outlets  at  the  ceiling.  For  high  rooms  particularly 
this  is  the  proper  method,  for  if  the  air  entered  at  the 


ceiling  it  would  have  lost  most  of  its  refrigerating  ef- 
fect before  it  reached  the  breathing  line. 

The  system  was  laid  out  with  capacity  to  change  the 
air  in  the  rooms  every  si.\  minutes,  but  when  the  rooms 
are  not  fully  occupied  and  the  ventilating  conditions  are 
not  severe  at  least  half  of  the  air  can  be  recirculated  and 
ventilation  within  the  required  limits  still  be  maintained. 
For  this  purpose  a  recirculating  duct  has  been  provided. 
As  the  air  drawn  out  of  the  rooms  by  the  exhaust  fan 
contains  less  moisture  than  outside  air,  less  moisture  has 
to  be  condensed  in  the  cooling  room  and  consequently  less 
refrigeration  is  required.  Regulation  of  the  supply  of 
cold  air  can  be  effected  by  a  damper  in  the  ducts  or  by 
the  expansion  valve  at  the  entrance  to  the  refrigerating 
coils. 

The  plant  was  erected  under  the  supervision  of  John 
fl.  Lapham,  Eastern  manager  of  Kroeschell  Brothers  Ice 
Machine  (jO.,  of  Xow  York  and  Chicago,  and  to  him  we 
are  responsible  for  much  of  the  information  contained  in 
the  article. 

Watch    Drain    from  Dehydrator 

The  dehydrator  on  an  alisorption  machine  is  a  very- 
important  part,  and,  yet,  if  not  properly  handled,  it  is  a 
decided  hindrance  to  the  operation  of  the  machine.  Any 
irregularities  in  the  operation  of  the  dehydrator  will 
l)ring  about  complicated  conditions  in  the  operation  of 
th.e  machine. 

A  combination  angle  and  check  valve  is  located  in  the 
drain  pipe  from  the  dehydrator  to  the  generator.  This 
valve  is  to  prevent  the  gas  from  the  generator  taking  a 
short  cut  through  the  deliydrator  and  also  to  let  the 
drip  from  the  dehydrator  flow  back  to  the  generator.  It 
is  possible,  when  starting  a  machine,  for  the  check  in  this 
valve  to  stick  closed.  This  will  let  the  dehydrator  fill  up 
with  very  rich  aqua  and  overflow  into  the  condenser; 
thence  to  the  receiver  and  ice  tanks.  This  condition  rob> 
the  machine  of  aqua  and  gas,  which  is  liable  to  cause 
"Ijoiling  over"  and  make  the  machine  work  badly.  The 
temperature  of  this  drain  pipe  should  be  closely  watched 
by  the  operator. 

G.    A.    Robertson'. 

Louisville,    Ky. 

Congress  of  Refrigeration 

The  date  for  the  Third  International  Congress  of  Re- 
frigeration has  been  set  for  Sept.  17  to  Oct.  1,  1913,  in- 
clusive.   To  carry  out  the  exposition  feature  a  separate 
organization,  known  as  the  International  Refrigeration 
Exposition  Association  has  been  formed,  and  any  informa- 
tion concerning  space  and  other  details  may  be  olitained 
by  addressing  W.   E.    Skinner,  general  manager  of  the 
association.  819  Exchange  Ave..  Chicago.     The  Interna- 
tional Amphitheater,  42nd  and   Halsted  Sts.,  which  ha- 
75,000  sq.ft.  of  floor  space  has  been  secured,  and  as  it  i^ 
directly  connected  to  28  railway  lines  running  into  Chi-I 
cago,  there  should  be  no  difficulty  in  shipping  exhibits.! 
A  great  many  of  the  engineering  and  manufacturers'  afi-l 
sociations  will  hold  their  annual  or  special  meetings  StJ 
the  exposition,  so  that  visitors  may  learn  a  great  deal 
about  tlie  subject  of  refrigeration,  as  well  as  see  its  ap- 
plication in  ice  making,  cold  storage  ami  other  practical 
uses. 
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The  Afflicted  Middle  West 

Flood  and  flame  in  the  Middle  West,  as  has  lieeu  noted 
in  the  daily  press,  have  eaused  an  appalling  disaster.  At 
this  writing  it  is  impossible  to  portray  its  horrors,  nor 
do  but  scant  justice  to  the  always  quick  sympathy  of  the 
American  people,  who  have  o])ened  their  hearts  and  their 
purses  with  a  readiness  that  makes  us  all  proud  of  our 
countr)'. 

(ialveston  and  San  Francisco  were  local  in  their  dis- 
asters when  compared  to  this  desolated  region  that  is 
larger  than  some  countries  in  Europe. 

How  heavily  the  disaster  weighs  upon  the  men  in  the 
operating  field  cannot  now  be  learned.  Their  duty  lies 
"below  decks,"  and  what  sacrifices  the  engine  and  boiler- 
room  forces  have  made  ma}'  never  come  to  light.  It  is 
theirs  "to  do  and  dare,"  and  seldom  does  the  public  know 
of  their  heroism  or  their  self-sacrifice. 

To  what  extent  the  power  plants,  factories  and  office 
buildings  m  the  afflicted  cities  ha\e  been  wrecked  or 
fchiit  down  is  also  unknown,  but.  however  great  the 
daniiige,  there  is  some  consolation  iu  the  knowledge  that 
heat,  light  and  power  are  among  the  first  needs  of  this 
wasted  territory  and  that  the  men  in  the  o]ierating  field 
must  of  necessity  soon  be  set  at  work. 

Tins  is  a  time  when  the  engineer,  trained  to  responsibil- 
ity, will  be  leaned  n])on  by  those  who  would  l)e  wellnigli 
hel]ilcss  without  liini.  No  one  is  better  fitted  to  as- 
sume responsiijility  than  be  whose  vocation  daily,  nay 
hourly,  brings  him  face  to  face  with  danger;  whose  duty 
it  is  to  protect  the  life  and  welfare  of  others,  and  whoso 
calling  has  the  prime  requisites  of  skill,  quick  judgment 
and  prompt  action.  \\'liatever  jjiddic  heed  may  lie  given 
to  this  engineer,  he  is  ai)soliitely  necessary  if  ])ublic  nlili- 
ties  are  to  perform  their  functions  and  comforts  hi'  i>ro- 
vided. 

A  Remedy  for  Ill-Advised   Legislation 

Just  now,  when  |)Mlilir  complaint  is  so  louil  against  the 
crowding  of  statute  iiooks  with  unnecessary  and  ill-ad- 
vised laws,  it  is  well  that  attention  should  be  directed  lo 
one  of  the  purposes  of  the  technical  societies  and  the  use- 
ful work  they  are  attempting. 

As  a  case  in  point,  it  is  announced  by  Charles  Basker- 
ville,  chairman  of  the  committee  on  occupational  diseases 
in  the  chemical  trades,  ajjpointed  by  the  New  York  Sec- 
tion of  the  American  Chemical  Society,  that  the  society 
stands  ready  to  give  the  New  York  and  New  .Jersey  leg- 
isialures,  and  all  manufacturers  interested,  the  benelit 
of  its  services,  and  urges  that  they  be  utilized  to  the  end 
that  much  unwise  legislation  and  many  commercial  mis- 
takes be  prevented. 

This  is  as  it  should  be.  Nd  im))orlant  stej)  is  taken 
hy  legislators  and  large  industrial  interests  in  most  i'hiro- 
pean  countries  without  first  seeking  tlie  apjiroval  of  the 
society  most  fitted  to  pass  upon  the  undertaking  a(  is- 
sue. 
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hi  the  Tnitcd  Stales  there  is  an  apparent  inclination 
by  legislative  bodies  and  the  industrial  interests  to  ignore 
the  societies.  Why!'  It  cannot  be  explained  away  by 
the  assumption  that  our  societies  are  not  properly 
equipped  to  deal  with  any  problem  that  may  arise  in 
their  particular  field  of  endeavor.  These  bodies  are  con- 
spicuous both  here  and  abroad  for  their  good  work,  and 
in  nu)st  cases  are  affiliated  with  the  international  organ- 
izations. 

It  is  time  that  this  matter  be  given  the  widest  i)ul)l  ic- 
ily, in  order  that  the  public  may  know  that  it  has  ac- 
cess to  the  services  of  the  societies,  and  that  they  m  turn 
gain  the  standing  that  should  be  theirs  as  sources  of  au- 
thority. It  is  not  meant  to  give  the  impression  that  the 
public  has  a  right  to  demand  exhaustive  investigations 
or  ask  jturely  consulting  engineering  involving  personal 
sacrifice  gratis,  for  "the  laborer  is  worthy  of  his  hire." 
These  bodies  can,  and  should  be,  however,  consulted  on 
all  questions  affecting  the  general  welfare,  both  in  the 
legislatures  and  iu  business. 

When  these  conditions  shall  have  been  brought  about 
we  will  have  put  a  stop  to  much  ignorant  and  pernicious 
legislation,  prevented  many  costly  business  mistakes,  and 
placed  our  societies  on  a  ]ilane  where  they  will  be  much 
more  useful  and  get  jmblic  credit  for  that  usefulness. 


Poor  Lighting  in  the  Power  Plant 

Inadequate  lighting  in  the  ]iiiwci'  plant  is  the  shallow- 
est sort  of  false  economy,  yet  ni.-iiiy  installations  are 
\ery  ])oorly  ilhnninated.  Any  <-ampnign  for  improved 
clliciciicy  of  operation  which  does  not  include  n  vigorous 
light  for  lirst-class  illumination  misses  an  opportunitv. 
There  is  no  excuse  fiir  ibc  I'aihirc  hi  pi'ii\ii|c  suitable 
lighting  units  now  that  llic  tungsten  hinip  with  its  effi- 
ciency of  one  and  one-(iuarter  watts  Jiei'  candlepowcr,  even 
in  the  snmller  sizes,  is  available. 

Without  proper  light  the  l)rovision  of  the  best  indi- 
cators, instruments  and  tools  only  jiartly  nu'cts  the  re- 
(|nireinents  of  efficient  o]ieration.  l']\-en  in  a  snuill  plant 
electrical  energy  is  chea])  eniaigh  in  these  days  to  justify 
a  liberal  use  of  forty-  or  sixty-watt  tungsten  Innqis  aimve 
the  machinery  plane,  and  it  is  a>tiiuiiiling  bow  such  an 
installation  will  improNc  cdiiditimis  in  a  plant  formerly 
lighted  by  ordinary  sixteen-candlcpower  cai'bon  incan- 
descent lamps,  whether  singly  or  in  small  grou|)s. 

In  most  plants  the  madiinciy  presents  dark  surfaces 
to  the  eye,  and  to  facilitate  ins])ei'tion  tlie  volume  of 
light  must  1)0  relatively  high.  The  use  of  white-enameled 
brickwork  in  the  settings  of  boilers  and  of  white  marine 
or  other  durable  paint  on  the  walls  in  i>lace  of  dark  lin- 
islies  are  ste])s  in  the  right  direction.  With  the  use  of 
mechanical  fuel-handling  systems  much  of  the  dirl  of  the 
boiler  room  has  been  eliminateil,  but  even  the  liand-lireil 
establislimcnt  offers  a  good  (iehl  for  the  use  of  spei'ial 
lighting.  .More  care  in  jtroviding  suitable  reflectors  in 
front  of  gages  and   water  columns,  installing  lamps  so 
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that  the  light  flux  will  be  thrown  upou  bearings,  gearing, 
starting  boxes,  fuse  panels,  scales  and  other  auxiliary 
equipment,  and  in  looking  after  regular  cleaning  of  glass- 
ware will  pay  a  high  rate  of  interest  on  its  cost. 

A  note-worthy  improvement  is  that  the  firing  aisles  of 
.-jome  of  the  latest  boiler  rooms  back  up  against  large  win- 
dow spaces  in  the  building  walls,  so  that  natural  lighting 
and  ventilation  are  secured  with  comparatively  little 
trouble.  Again,  some  of  the  best  designing  engineers  are 
now  preparing  plans  of  station  wiring  in  the  same  de- 
tail that  pertain  to  the  piping  layouts,  showing  the  size 
and  location  of  every  fixed  lamp  and  switch  in  the  es- 
tablishment before  the  equipment  goes  into  place.  De- 
tailed wiring  diagrams  of  large  buildings  are  long-es- 
tal)lished  practice,  but  it  is  a  new  departure  to  devote  an 
(•qual  amount  of  care  to  power-house  illumination  plans. 

To  treat  this  important  subject  of  station  lighting 
from  a  fresh  point  of  view  is  difficult,  but  the  recurrence 
of  faulty  practice  in  this  field  warrants  renewed  refer- 
v.mc  to  its  defects.  It  is  a  question  if  lighting  by  lamps 
(onnected  in  parallel  even  in  electric-railway  plants  is 
rot  better  practice  than  series  illumination,  since  the 
multiple  installation  permits  cutting  out  individual  light- 
ing units  in  out-of-the-way  corners,  when  they  are  not 
required,  better  than  the  series  installation. 

All  too  often  the  effectiveness  of  the  lighting  is  hamp- 
ered bv  the  insufficient  protection  of  the  fixtures  against 
oil  and  carbon  dust.  A  more  thorough  study  of  the  best 
heights  for  lamps  in  relation  to  existing  installations  of 
machinery  is  needed  in  many  plants,  and  the  preparation 
of  a  lighting  survey  in  a  poorly  illuminated  power  house 
with  recommendations  for  better  arranged  and  selected 
equipment  is  one  of  the  most  useful  tasks  which  the  en- 
gineer can  undertake  if  he  is  prepared  to  present  his  facts 
and  conclusions  to  his  superior  with  tact  and  sound  judg- 
ment. Fortunately,  many  of  these  improvements  can  be 
had  at  extremely  low  cost. 


Practical    Studies   of  Depreciation 

The  accumulation  of  accurate  data  bearing  upon  power- 
plant  depreciation  is  well  worth  the  attention  of  operat- 
ing engineers.  There  is  scarcely  another  subject  in  which 
educated  guesswork  plays  so  large  a  part.  Actual  life 
records  of  individual  equipment  are  literally  w^orth  their 
weight  in  gold  at  times  when  the  owner  of  a  plant  wishes 
to  sell  it  or  raise  money  upon  its  performance  and  status, 
as  when  au  electric-lighting  or  street-railway  company 
appears  before  a  state  commission  to  obtain  authority  to 
float  a  bond  or  a  stock  issue.  While  such  work  may  seem 
none  of  his  concern,  it  is  a  fact  that  the  operating  en- 
gineer can  often  help  his  employer  prepare  a  better  case 
if  he  has  made  it  a  practice  to  keep  life  and  depreciation 
data.  It  is  not  a  work  which  will  yield  immediate  results, 
but  it  is  one  which  should  be  carried  on  as  a  sort  of  side 
line  when  the  opportunity  is  favorable. 

Judging  from  the  way  in  which  data  are  presented  be- 
fore public-utility  commissions  by  power  and  lighting 
companies,  here  is  a  field  where  the  operating  engineer 
can  make  himself  more  useful  if  he  is  of  a  methodical 
mental  turn.  More  and  more  these  commissions  are 
calling  for  specific  data  as  to  the  life  of  all  kinds  of  ma- 
chinery, the  amounts  which  must  be  expended  upon  it 
for  repairs  and  the  wear  and  tear  which  finally  make 


it  necessary  to  replace  it  with  new  equipment.  Too  often 
only  approximate  guesses  are  offered  as  to  the  life  of  ap- 
paratus, based  upon  the  general  opinions  of  executives 
more  or  less  out  of  touch  with  the  details  of  replacement 
and  the  multitude  of  little  costs  which  amount  to  such 
surprising  totals  in  the  course  of  a  few  years.  As  a  re- 
sult the  commission  discounts  the  company's  statements 
and  exhibits,  unless  they  can  in  a  measure  be  checked,  or 
else  it  accepts  the  estimate  of  the  company  and  perhaps, 
through  the  latter's  own  inadequate  notions  as  to  its 
depreciation  costs,  does  not  authorize  sufficient  money  to 
enable  the  property  to  be  carried  on  in  the  best  possible 
way  financially,  simply  because  the  petitioner  for  the 
right  to  issue  funded  paper  did  not  realize  the  extent  of 
its  depreciation.  Even  if  an  overestimate  is  presented, 
there  may  be  an  economic  injustice  perpetrated;  but 
where  data  are  submitted  based  on  actual  costs  and  life 
records,  it  would  seem  that  a  fairer  solution  of  the  prob- 
lem might  be  attained. 

To  go  about  such  a  task  the  engineer  should  put  down 
in  a  notebook  the  date  of  installation  of  every  important 
piece  -of  machinery  in  the  plant,  its  first  cost,  where  he 
can  obtain  it,  and  the  dates  and  costs  of  all  replacements 
and  repairs  in  the  nature  of  renewals  affecting  each  ma- 
chine unit  under  his  charge.  This  is  simple  to  do  if  it 
is  begun  at  the  right  time  and  kept  up  as  long  as  the 
plant  keeps  going.  It  may  be  necessary  for  the  engineer 
to  pass  the  maintenance  and  depreciation  record  book 
along  to  his  successor:  in  fact,  it  is  not  likely  that  such 
a  record  will  begin  to  have  much  real  value  until  perhaps 
five  or  ten  years  after  the  plant  is  placed  in  operation, 
but  the  older  it  gets,  the  more  useful  it  will  become. 

If  such  a  practice  as  this  were  widely  carried  on,  with 
the  appreciative  cooperation  of  engineers  in  charge  of 
plants  and  their  superiors,  the  whole  industry  would  be 
enriched  in  a  comparatively  few  years  along  lines  which 
are  at  present  largely  subject  to  the  roughest  estimates, 
and  to  "blanket"  allowances  for  depreciation  which  can- 
not be  audited  or  checked  as  could  specific  figures  taken 
from  actual  practice  in  the  installation  of  new  parts  and 
the  renewal  of  machines.  Doubtless  information  of  this 
kind  is  supposed  to  exist  in  many  well  managed  com- 
panies, but  as  a  matter  of  fact  it  is  exceedingly  scarce. 
There  is  room  for  pioneer  work  of  a  genuinely  scientific 
character  to  be  done  in  this  important  field  by  engineers 
who  are  ambitious  to  become  something  more  than  crea- 
tures of  routine. 

The  extension  of  the  principles  and  practices  of  com- 
mission regulation  over  the  affairs  of  public-service  com- 
panies is  bringing  out  new  phases  of  their  costs  almost 
everv  week,  and  the  thoroughness  with  which  evidence  is 
prepared  often  means  more  to  such  companies  at  the 
hands  of  the  regulating  tribunal  than  the  gains  of  many 
jnonths  in  unit  cost  of  production  at  the  generating  sta- 
tion or  in  improvements  in  the  economy  of  transmission. 
Engineering  work  lies  at  the  very  foundation  of  just  and 
efficient  administration  of  such  utilities,  and  the  far- 
sighted  operating  engineer  should  realize  this,  even  if 
there  appears  to  be  no  present  demand  for  his  services 
in  this  apparently  exalted  field. 


Those  who  have  been  following  the  study  course  will  hai'e 
a  chance  to  test  themselves  with  this  week's  review  and  rest. 
Next  week  the  answers  will  be  given  and  the  week  following 
the  course  on  combustion  will  start. 
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Piston  Rod  Pulled  out  of  Crosshead 

On  Wednesday,  Jan.  15,  an  accident  to  the  lGxl8-in. 
engine  at  the  J.  V.  Bennett  estate,  in  West  Lvnn,  Mass., 
shut  the  plant  down  until  connections  could  be  made 
with  the  local  central  station  and  motors  installed  to  run 
the  plant.  The  engine  was  built  by  Corliss  &  Nightingale 
in  ISls.  and  its  career  is  probably  ended  as  repairs  are 
not  contemplated.  The  engine  ran  at  70  r.ji.m.  with  a 
boiler  pressure  of  100  lb. 

The  direct  cause  of  the  accident  was  the  separation 
of  the  piston  rod  from  the  crosshead,  due  to  the  threads 
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on  the  end  of  the  rod  and  in  ihi'  irosshcad  having  worn 
from  looseness  and  hing  conl  iiiucil  play  until  llic  holding 
power  of  the  threads  was  unequal  to  the  si  rain  to  wliiih 
they  were  sul)jected  ;  the  pull  of  the  pistini-nid  mil  at 
each  taking  U])  of  the  slack  no  doubt  hastriicd  the  linal 
separation. 

A  short  time  ])r('vious  to  the  accident  the  engineer 
noticed  play  between  the  rod  nut  and  crosshead.  The 
engine  was  stopped  and  the  nut  drawn  up  tight  against 
the  crosshead.  after  which  the  engine  was  again  started 
and  brought  up  to  sjiecd.     The  engineer  had  barely  com- 


iiil  stepped  to  one  side  to 
the  nut  when  the  piston 
shearing  the  studs,  break- 

,  aiul   otherwise  damaging 


pleted  opening  the  throttle  ai 
note  the  effect  of  tightening 
crashed  into  the  cylinder  head, 
ing  the  head  into  four  piec-es 
the  engine. 

The  illustration  shows  the  piston  in  the  position  it 
was  found  after  the  accident,  the  broken  follower  plate, 
and  also  the  position  directly  in  front  of  the  cylinder 
head  which  the  operator  was  obliged  to  assume  while 
manipulating  the  throttle.  Eemarks  concerning  the  en- 
gineer's narrow  escape  from  death  or  serious  injtiry  seem 
superfluous. 

Charles  F.  Adajis. 

Lynn.  Mass. 

Taking  Flue  Gas  Samples 

In  the  analysis  of  flue  gases  as  in  everything  else  there 
is  a  right  and  wrong  way  to  do  it.  The  object  of  analyz- 
ing flue  gases  is  usually  to  study  combustion  conditions 
and  if  the  method  of  collecting  tlie  gas  is  correct  and  the 
analyses  are  properly  made  there  can  be  no  better  way 
of  determining  these  conditions. 

Much  depends  on  where  the  sample  of  gas  is  taken, 
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and  the  object  of  the  analysis.  If,  for  instance,  the  on- 
ject  is  to  keep  close  "tabs"  on  combustion  conditions,  as 
in  running  an  efficiency  test,  gas  analyses  should  lie 
made  every  few  minutes,  particularly  if  burning  bitumin- 
ous coal.  If,  however,  the  object  is  to  check  u))  the  gen- 
eral average  of  a  boiler,  i)lant  or  firetnan,  some  good 
method  of  drawing  out  an  average  saini)le  covering  the 
entire  watch  and  an  analysis  of  one  sample  at  the  end 
of  the  watch  would  be  sufficient,  or  a  relialile  CO.,  ivcurder 
(ould  be  used. 

Recently  I  assisted  in  testing  a  horizontal  return- 
tubular  boiler  burning  bituiniimus  coal.  The  test  was  on 
when  I  reached  the  boiler  room.  The  gas  was  being 
drawn  from  the  breeching  at  about  the  point  .1  in  the  il- 
lustration. I  had  a  hole  drilled  in  the  furiuice  fnmt 
just  above  the  front  doors.     These  doors  were  like  those 
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iu  most  settings  of  this  sort  in  that  they  did  not  close 
tightly,  and,  therefore,  leaked  much  air,  which,  mixed 
with  the  gases,  diluted  them,  and  showed  a  comparatively 
low  per  cent,  of  CO^.  When  the  sample  was  taken  out 
of  the  tube  marked  B  in  the  illustration,  the  t'0._,  was 
higher  than  when  taken  from  the  point  A.  Samples  drawn 
from  --1  analyzed  about  8  per  cent. ;  samples  drawn  from 
B  about  14  per  cent. 

The  object  of  this  test  was  to  determine  the  efficiency 
of  a  patented  furnace,  and  much  depended  upon  keeping 
the  fire  in  good  condition.  As  there  is  a  definite  relation 
between  the  percentage  of  CO,  and  the  holes  in  the  tire, 
1  believe  it  is  important  to  take  samples  every  few  min- 
utes and  analyze  them  right  at  the  boiler,  for  the  reason 
that  changes  iu  conditions  occur  rapidly.  Once  in  this 
test  a  sample  of  gas  showed  4  per  cent.  CO^.  We  got 
the  fireman  to  break  up  his  fire,  level  it  off,  and  a  sample 
of  the  gas  then  taken  showed  14  per  cent.  Between  these 
two  readings  about  three  minutes  elapsed.  By  the  method 
used  by  the  chemist  on  this  job  little  would  have  been 
learned,  for  it  took  him  five  minutes  to  walk  to  the  labor- 
atory, and  another  ten  minutes  to  analyze  the  sample,  so 
that  the  shortest  intervals  between  analyses  would  have 
been  twenty  minutes.  In  the  meantime  many  changes 
might  have  taken  place  in  the  furnace. 

Alfred  Franklin. 

Cheltenham,  Penn. 

What  Causes  the  Wivy  Suction  Lines? 

The  accompanying  diagrams  were  taken  from  a  double- 
acting,  duplex  pump  of  5,000,000  gal.  daily  capacity, 
with  a  suction  lift  of  approximately  10  ft.,  running  at 
30  r.p.m.  and  having  a  30-in.  stroke. 

I  would  like  to  hear  from  some  experienced  pump  man 


and  the  top  of  this  pipe  thereby  providing  all  the  head 
attainable,  and  then  it  took  45  min.  for  the  1100  gal.  to 
flow  into  the  storage  tank. 

The  oil  company  demanded  the  reconstruction  of  the 
delivery  pipe,  and  by  reason  of  ditt'erent  obstructions,  a 
straight  pipe  could  not  be  used.  As  a  result,  the  8-ft. 
length  of  21/^-in.  pipe  was  removed  and  one  of  the  same 
length,  4  m.  in  diameter,  fitted  in  its  place,  as  shown  in 
Fig.  2;  the  remaining  ?  ft.  of  ])ii)c  was  undisturbed. 

With  this  arrangement,  the  oil   was  simply  permitted 


(ioou  .\ND  Bau  Coxxectioxs  to  OiL-SxciiAGE  Tanks 

to  flow  out  of  the  delivery  wagon  into  the  top  end  of 
this  4-in.  pipe.  The  oil  iu  the  wagon  providing  no  head 
lor  the  pipe  connected  with  the  storage  tank,  as  no  con- 
nection between  it  and  the  delivery  wagon  had  been  pre- 
l)ared,  and  with  this  alteration,  the  1100  gal.  is  dis- 
charged into  the  storage  tank  in  18  min. 

The  question  is,  how  does  this  alteration  produce  the- 
accelerated  flow  of  oil  ? 

H.  0.  McCarthy. 

Vancouver,  B.  C. 


DischarQe      Line 


-uction  Lint 

Wavt  Suctiox  Lixks 

as  to  the  causes  of  the  wavy  suction  lines  on  the  indi- 
cator diagrams. 

J.  F.  Reyxolds. 
Phoenix,  Ariz. 

Oil  Flow  Problem   for    Discussion 

Recently  my  attention  was  called  to  a  plant  usmg  fuel 
oil  in  its  furnaces.  A  storage  tank  was  placed  15  ft.  be- 
low the  surface  of  the  street,  and  had  a  2i/2-iu.  pipe 
fitted  as  shown  in  Fig.  1. 

The  tank's  supply  of  1100  gal.  was  received  from  a 
common  oil-delivery  wagon  through  this  2i/4-in.  pipe. 
A  solid  connection  was  made  between  the  deliverv  wagon 


Trouble  with  Piston  Rod  Packing 

Considerable  troulile  has  been  had  with  the  packing  of' 
the  piston  rod  at  the  water  end  of  our  pump.  This  is- 
because  there  is  no  stiitable  packing  in  the  plant  and  I 
had  to  make  the  best  of  what  could  be  found.  In  spite- 
of  all  that  could  be  done,  a  large  stream  of  water  would 
leak  past  the  packing  at  each  stroke,  and,  running  on 
the  floor,  was  very  undesirable. 

Recently  I  decided  to  make  a  packing  out  of  material 
that  could  be  found,  and  proceeded  as  follows :  After  thor- 
oughly cleaning,  the  stuffing-box,  some  lamp  wick  was. 
doubled  and  twisted  until  it  was  thick  enough  to  fill  the- 
space  between  the  piston  rod  and  walls  of  the  box,  stuff- 
ing in  as  much  as  it  would  hold.  Then  the  gland  was 
put  in  place  and  the  wicking  pressed  in  around  the  rod, 
which  left  room  enoiigh  to  insert  a  few  rings  of  ring- 
packing.  This  arrangement  has  given  satisfaction  for  the- 
past  six  months  on  a  pump  that  is  used  for  pumping  hot. 
water. 

JoHX   Kxah,  Jr. 

Maspeth,  X.  Y. 
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Corliss  versus  Four-Valve  Engines 

C'ouceriiiug  tlie  respective  merits  ol'  t'urliss  and  iiuu- 
I'eleasiiig  gear  four-valve  engines,  I  believe  that  before 
considering  any  of  B.  E.  Donovan's  questions,  as  given 
in  the  Sept.  24  issue,  it  is  appropriate  to  state  that  in 
spite  of  the  better  steam  economy  of  well  designed  Cor- 
liss engines,  there  are  other  considerations  which  often 
make  high-speed,  four-valve  engines  more  economical 
to  install  and  operate. 

A  direct-connected  unit  with  a  Corliss  engine  occupies 
fully  60  per  cent,  more  floor  space  than  one  with  a  high- 
speed engine.  If  high-priced  land  must  be  ]>urchased 
with  borrowed  money  and  foundations  and  Ijuildings 
erected  with  money  likewise  obtained,  a  heavy  fixed 
ciiarge  is  created,  which  in  nearly  every  case  is  sufficient 
to  more  than  offset  the  superior  economy  shown  by  Cor- 
liss engines  and  as  these  charges  usually  run  for  long 
periods,  it  is  advisable  to  start  them  as  low  as  possible. 

This  is  why  the  high-speed  four-valve  engine  is  often 
guaranteed  to  equal  the  Corliss  in  economy,  in  many  situa- 
tions where  real  economy  does  not  call  for  low  steam 
consumption. 

Many  builders  freely  guarantee  a  water  rate  of  34:  lb. 
per  horsepower-hour,  but  a  proposal  from  the  buyer  to 
penalize  them  for  nonperformance  and  give  bonus  for 
any  improvements  usually  causes  them  to  raise  the  figure 
to  27  11).,  which  is  the  average  for  four-valve,  high-speed 
engines  under  good  service  conditions. 

It  is  not  necessary  to  increase  the  clearance  volume  in 
four-valve  engine  cylinders  as  compared  to  the  Corliss, 
of  the  same  diameter,  but  the  iise  of  like  volumes,  with 
shorter  strokes  results  in  higher  percentages  of  clearance 
in  the  high-speed  engine.  Thus  a  volume  which  is  3  per 
cent,  of  the  piston  displacement  with  a  40-in.  stroke. 
will  be  (>  per  cent,  if  the  stroke  is  vO  in.  and  the  l)ore 
the  same. 

It  has  been  customary  to  regard  all  clearance  as  a 
source  of  wa.ste,  but  the  uniflow  engines  .seem  to  con- 
tradict this  view,  as  they  are  notable  for  large  clearances 
and  low  steam  consumption.  This  indicates  that  not  the 
volume,  but  tlie  area  of  the  wall  surface  of  the  clearance 
is  the  more  important  factor  in  the  source  of  loss. 

Perhaps  a  good  method  of  comparing  engines  as  1o 
probable  steam  consumption  woulil  be  one  based  on  the 
total  internal  surfaces  of  the  cylinders  to  which  the 
steam  i.s  exjiosed  in  a  unit  of  time,  making  correction 
by  means  of  the  ratio  of  diagram  factors.  For  instance, 
assume  a  Corliss  engine  with  20xiO-in.  cylinder  at  ^'l2 
r.p.m.  using  23  lb.  of  water  per  i.hp.-hr. ;  and  a  four- 
valve,  liigii-s))ecd  engine  with  20x2O-in.  cylinder  at  225 
r.p.m.  and  unknown  steam  consumi)tion.  .\ssume  that 
the  cylinder  has  7  sq.ft.  of  clearance  wall  area,  including 
the  cylinder  head   and   jiiston. 

The  barrel  of  the  40-in.  stroke  cylinder  has  an  area 
of  17.453  sq.ft.  This  plus  7  sq.ft.  gives  the  Corliss  en- 
gine a  total  surface  per  stroke  of  24.453  sq.ft.  The  bar- 
rel of  the  20-in.  stroke  cylinder  has  an  area  of  8.726 


sq.ft.  This  plus  T  sq.ft.  gives  the  four-valve  engine  a 
total  surface  per  stroke,  of  15.726  sq.ft.  As  the  four-valve 
engine  makes  two  strokes  for  one  of  the  Corliss  engine, 
we  must  double  the  figure  15.726,  making  31.452  sq.ft. 
We  find  then  that  the  four-valve  engine  presents  31.452 
sq.ft.  of  cooling  surface  to  the  steam  in  the  same  unit  of 
time  during  which  the  Corliss  presents  24.453  sq.ft.,  and 
were  it  not  for  the  wire  drawing  and  lower  diagram  fac- 
tor of  the  four  valves,  the  ratio 


31.452 
24~45T5 


1.286 


Would  l>e  an  index  of  the  relative  water  consumption  of 
the  engines. 

The  lower  diagram  factor  makes  necessary  a  longer 
cutoflE  in  the  high-speed  than  in  the  Corliss  engine  to  do 
equal  work.  This  gives  a  higher  terminal  pressure  and 
temperature  in  the  four-valve  engine  and  with  the  wire 
drawing  tends  to  produce  a  more  even  range  of  tempera- 
ture in  the  cylinder  of  the  high-speed  engine. 

Assuming  that  the  gain  due  to  the  reduction  of  the 
diagram  factor  is  proportional  to  the  reduction  and  using 

Mr.  Donovan's  figures  0.87  and  0.95  we  get  ^,-^  r=  0.915 

0.9o 


as  the  correction  factor,  and  th' 
valve  engine  will  be 


steam  used  by  the  foui 


23  X  ^^^^  X  ^ 
^  24.453  ^  0.95 


27  -f  Jf>.  prr  i.hp.-hr. 


This  is  an  average  figure  for  high-speed  four-valve  en- 
gines, in  which  high  compression  is  used.  It  is  to  be 
noted  that  those  using  low  compression  are  more  eco- 
nomical but  usually  do  not  regulate  well.  It  is  not  pos- 
sible to  make  a  showing  of  low-steam  consumption,  and 
still  not  do  it,  but  it  is  often  possible  to  make  a  good 
showing  of  commercial  ecouomy  with  relatively  high- 
steam  consumption. 

The  movements  of  the  valves  in  both  types  are  due  to 
the  load  carried.  The  main  differences  are  that  the  Cor- 
liss valves  open  more  fully  and  close  more  rapidly  than 
those  actuated  by  nonreleasing  gears. 

The  .short  connec'ing-rods  of  high-speed  engines 
should  not  matenally  atrcct  the  mean  eifective  pressure  of 
the  indicator  diagram  but  they  do  ]>roduce  fluctuation.s 
of  crank  effort,  which  arc  equalized  by  the  flywheel  if  it 
is  sufficiently  heavy. 

Wear  in  four-valve  high-speed  engines  is  more  ra])id 
than  in  Corliss  engines,  particularly  in  the  valves,  if  of 
the  Corliss  type.  A  true  Corliss  valve  is  relatively  very 
narrow,  when  com])ared  with  the  bore  of  the  valve  cham- 
ber; hence  its  tendency  to  roll  is  not  so  great  as  Is  that 
of  valves  the  faces  of  which  ciiilirace  nearly  half  the  cir- 
cumference of  the  valve  chanibcr.  Sik  h  a  valve  even  if 
only  slightlv  worn  will  roll  away  from  one  of  its  ports, 
I)ermitting  leakage,  while  the  true  Corliss  valve,  being 
narrow,  seats  firmly  over  its  single  port  practically  scal- 
ing it.  This  is  no  doubt  the  reason  why  four-valve 
high-.speed  engines  fall  off  in  economy  after  comparative- 
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ly  short  periods  of  operation.  For  tins  reason  tliose  with 
fiat  admission  valves  are  probably  preferable  to  those  with 
four  semi-rotary  valves. 

The  uonreleasing  gear  will  wear  rapidly  if  its  bearings 
and  pins  are  soft,  as  the  alternately  acute  and  obtuse 
angles  assumed  by  the  valve  rods  combined  with  inertia 
effects  produce  heavy  stresses  in  the  gear.  The  governor 
must  be  very  stable,  or  the  wear  on  its  pins  and  bearings 
will  be  rapid  and  good  regulation  will  not  be  maintained. 

With  high-speed  four-valve  engines  it  is  hardly  pos- 
sible to  make  good  on  a  guaranteed  steam  economy  as 
good  as  the  economy  of  Corliss  engines  if  cylinder  diam- 
eters and  characteristics  of  design,  aside  from  the  valve- 
operating  mechanism,  are  alike. 

None  of  the  foregoing  should  be  taken  as  condemnatory 
to  the  four-valve  high-speed  engine,  as  it  has  a  peculiar 
field  of  usefulness,  which  no  Corliss  engine  can  fill  equally 
well. 

Charles  F.  Prescott. 

Los  An£;ele8.  Calif. 


In  answer  to  B.  E.  Donovan's  inquiry,  I  would  say 
that  one  reason  that  the  nonreleasing  four-valve  engine 
shows  economies  quite  equal  to  the  releasing  or  Corliss 
type  is  that  the  time  interval  between  the  incoming  and 
outgoing  steam  is  more  rapid  and  does  not  effect  as  great 
a  variation  in  temperature  oh  the  cylinder  walls,  piston 
and  rod;  also  less  condensation  occurs,  due  to  this  cause. 

There  is  no  practical  reason  why  the  clearance  space 
should  be  increased  just  because  the  piston  nears  the 
cylinder  head  a  greater  number  of  times  per  minute. 

The  valve-gears  of  Corliss  engines  have  been  improved 
to  admit  of  noiseless  operation  at  higher  speeds  and 
the  frames  built  are  more  rigid  to  admit  of  higher  speeds 
and  greater  steam  pressures.  High-speed  governors  give 
closer  regulation,  etc. 

If  an  engine  is  run  entirely  without  compression  the 
space  due  to  clearance  would  be  filled  from  the  exhaust 
to  the  steam-line  pressure  with  live  steam  and  this  is  a 
waste. 

It  does  not  require  as  large  a  cylinder  in  the  higher 
speed  nonreleasing  type  to  get  the  same  piston  travel  per 
minute  or  to  get  the  same  number  of  foot-pounds  of  work 
done  per  minute. 

The  makers  of  the  nonreleasing  type  cannot  make  their 
guarantee  unless  they  can  back  it  up;  besides  the  round 
corner  at  cutoff  on  the  indicator  diagram  is  about  offset 
by  the  late  release  on  the  single-eccentric  Corliss.  Some 
nonreleasing-type  engines  run  in  an  inclosed  crank  case 
with  a  splash-oiling  system  and  some  of  them  have  a 
valve-gear  partially  submerged  in  oil  and  the  gear  is  not 
under  the  strain  of  lifting  the  dashpots,  which  is  quite 
severe  on  single-eccentric  Corliss  engines  running  at 
high  speeds. 

With  no  compensating  adjustment  in  the  cam  levers 
the  cutoff  becomes  increasingly  later  on  the  head  end 
up  to  the  half  stroke  as  compared  with  the  crank  end, 
also  the  slower  movement  of  the  piston  coupled  with  a 
slightly  quicker  opening  of  the  steam  valve  has  a  ten- 
dency to  hold  the  steam  line  up  better  on  the  crank  end 
of  the  single-eccentric  type  Corliss  engine. 

Possibly  the  connecting-rod  appears  to  be  short  on  the 
nonreleasing  type  and  yet,  if  compared  with  the  length  of 
its  stroke,  it  would  not  in  reality  be  so  different.     Many 


high-speed  Corliss  engines  have  a  connecting-rod  only  two 
and  a  half  times  the  length  of  the  stroke. 

Emmetsburg,  Iowa.  Li:iiuY   II.  Wheat. 

Independent  Air    Pump    for 
Condensers 

In  the  Jan.  28  issue  there  appear  extracts  from  a 
paper  by  William  Weir,  in  which  are  described  several 
European  forms  of  pumps  and  nozzles  for  the  separate 
extraction  of  air  from  condensers.     In  Fig.  1,  page  134, 


Air   Ke:vioved  by  Small  Barometric  Coxdexser 

is  shown  a  "Dual"  air  pump,  concerning  which  is  said, 
■'The  wet  pump  A  is  situated  below  the  steam  cylinder, 
as  this  pump  is  the  one  which  works  under  the  maxi- 
mum load.  The  dry  pump  B  is  driven  by  the  beam  and 
links  in  the  usual  way." 

As,  presumably,  each  plunger  is  single  acting,  is  not 
the  action  of  the  pump  as  a  whole  very  erratic?  I  would 
infer  that  the  wet-pump  plunger  would  plunge  indeed 
when  descending,  and,  judging  from  American  practice, 
would  soon  bump  and  rattle  itself  to  pieces  unless  steadied 
V)y  a  flywheel. 

And  will  not  the  vacuum  fluctuate  considerably  within 
the  condenser  as  the  result  of  the  intermittent  action  of 
this  slow-speed,  single-acting,  dry-air  pump?  I  have 
often  been  told  that  the  eflieiency  of  an  air  pump  de- 
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I     pends,  in  a  large  measure,  on  its  ability  to  maintain  a 

\      constant  flow  of  air  from  the  condenser,  and  for  this  rea- 

■       son,  among  others,  a  comparatively  small  double-acting 

pump,  running  at  a  fair  sjiccd,  is  to  lie  preferred  for  a 

condenser  auxiliary. 

It  will  be  observed  that  the  dry-air  pump  discharges 
into  the  wet-air  pump  "at  a  point  below  the  head  valve." 
V\'hat  advantage  is  derived  from  this  novel  arrangement  ? 
Is  a  partial  vacuum  formed  in  this  space  on  the  down- 
stroke  of  the  bucket?  Is  the  dry-air  pump  caused  to 
discharge  here  to  take  advantage  of  it?  I  can  see  no 
other  reason  than  a  worthy  attempt  to  overcome  at- 
mospheric pressure  by  dual  ciimi)ression.  obtaining  a  two- 
stage  effect. 
'  But,  assume  an  efficient  air  pump  and  one  of  proper 

I  size.  When  the  plunger  ascends,  the  condensate  follows 
it,  and,  when  at  the  end  of  its  upward  stroke,  water  should 
be  touching  both  its  top  and  bottom  surfaces.  How  shall 
a  vacuum  be  formed,  especially  if  it  is  considered  that 
the  top  sheet  of  water  is  subject  to  atmospheric  pres- 
sure? If  a  vacuum  is  formed,  might  not  the  gaging 
of  the  amount  be  a  reliaijle  indication  of  the  efficiency 
(or  inefficiency)    of  the  wet-air  pump? 

I  am  not  in  a  jiosition  to  test  this;  although  we  have 
a  14  and  32  by  21-in.  "twin"  as  the  auxiliary  of  a  150(1- 
iip.  engine.  In  this  pump  the  head  valve  deck  has  been 
removed — in  fact,  it  never  was  installed.  For  ten  years 
the  pump  has  given  excellent  service. 

Are  head  valves  a  benefit  to  upright  pumps ;  do  they 
not  retard  the  liberation  of  the  air  entrained  in  the 
water  and  make  it  necessary  for  the  plunger  to  deal  with 
this  elusive  element  once  more  than  is  needed? 

While  on  this  subject,  it  may  be  pertinent  to  mention 

niv  own  experience.     Three  years  ago  I  helped  a  brother 

k'vise   means  for  extracting   air  from   a  jet   condenser. 

The   main    details   are    shown    diagrammatically    in    the 

t      bketcli. 

It  will   be  ob.served  that   the  novel  feature  is  the  in- 

nrporation  of  a  small  barometric  condenser  as  an  auxil- 

irv  for  the  separate  cooling  and  eliminating  of  the  air. 

In  the  sketch,  A  is  the  cone  distributor,  which  is  secured 

l)y  setscrews  to  the   internal   injection  pipe   and    which 

closely  hugs  the  air  pipe  B.     The  air  collecting  tinder 

[      the  cone  ascends  pijje  B  and  enters  the  chamber  ('.  from 

•       which  it  is  lorcilily  ejected  by  the  descending  jet  of  water 

and  delivered,  through   the  pipe  J),  in  the  form  of  cool 

aerated  water  into  the  suction  chamber. 

By  increasing  the  mean  effective  pressure  by  one  pound 

•  ill  the  low-pressure  piston,  this  improvement  effects  :i 
-Mving  of  aliout  $500  per  year,  with  but  a  negligible  loss 
Ml  feed-water  temperature  at  the  primary  heater,  as  a 
large  economizer  is  in   service. 

H.  ().   Hit  HAuns. 
Franiiiifrliain.  ^lass. 

Indicator    Diagrams    from   High    Duty 
Pumping  Engine 

It  seems  siir]irisiiig  alter  Mr.  Tinker's  able  comniciits 
on  his  own  diagrams.  ])age  31.S  of  I'owKit.  that  lie  should 
not    be   acquainlcd   with   a    fundamental    phenomenon    of 

•  ross-conipound  engines. 

During  the  first  half  of  the  liigli-iiressure  iiiston  stroke. 
-i<am   is  exhausting  into  the  receiver,  witlioiil  the  exist- 


ence of  any  outlet  from  it,  unavoidably  resulting  in  an  in- 
crease of  back  pressure  upon  the  high-pressure  cylinder. 
But  when  the  high-pressure  piston  is  at  inid  stroke,  ad- 
mission to  the  low-pressure  cylinder  from  the  receiver 
occurs,  creating  an  outlet  from  the  receiver  and  thus  de- 
creasing the  back  pressure  upon  the  high-pressure  cylin- 
der. The  inevitable  effect  of  these  events  upon  a  dia- 
gram taken  from  the  high-pressure  cylinder,  is  to  pro- 
duce the  slight  "hump"  in  the  back-preusure  line,  which 
so  concerns  Mr.  Tucker. 

Lloyd  W.  Taylor. 
(xrinnell.    Iowa. 


Names  for  "Steam  Stuff" 

In  the  editorial  culuinns,  Mar.  11,  I  note  the  call  for 
suggestions  on  a  new  word  for  "steam  stuff."  Why  not 
call  it  "hydrol"  ?  That  is  the  new  chemical  name  for 
water  in  its  various  forms.  Steam  is  mono-hydrol,  H„0. 
Boiling  water  is  (supposed  to  be)  di-hydrol,  [IcL^O)... 
Cold  water  is  a  mixture  of  perhaps  di,-  tri-  and  tetra- 
hydrols.  thus  (H.,0),,  {H„0).„  (H.,0),.  Ice  is  a  further 
polymer  [(H.O)„].r. 

Charles  S.  Pal.mek. 

Xewtonvilie,  Mass. 

A   SUU(iESTIOX 

Oh.  Power  is  in  a  great  sweat. 
Steam  stuff,  to  rename,  when  it's  wot, 
The  editor's  stumped 
Suggestions  have  slumped 
"Hy-drox"  may  prove  the  best  yet. 

.TOHX    B.Ml.KV. 

Milwaukee.   Wis. 

Remedy  for  Lubricator  Trouble 

K'eferring  lo  Mr.  IIil-ITs  leiter  aliout  a  faulty  lubricator, 
in  Powiii!.  Feb.  18,  1  think  the  trouble  is  in  the  long 
;ind  indirect  connection  between  the  sight-feed  and  main 
steam  pipe.  If  Mr.  Rush  will  connect  the  lubricator  into 
the  side  of  the  steam  pilH',  doing  away  with  the  elbow, 
and  at  the  same  time  bring  the  sight-feed  as  near  to 
the  pipe  as  possible,  I  think  he  will  have  no  further 
trouble. 

(;.   E.  Madkley. 

Brownsville,  Tex. 


If  Mr.  I'lish  will  connect  the  nipple  of  the  oil-delivery 
line  from  the  lubricator  to  the  side  of  the  steam  jiipe,  he 
will  have  no  trouble  with  oil  backing  up  in  the  glass. 

He  should  be  sure  that  the  vertical  1-in.  pipe  on  the 
side  is  at  least  4  ft.   higher  than   the  oil   well. 

L.    Pt.    BoiiDEN. 

Wbartoii.   Tex. 


If  Mr.  Kush  will  raise  the  lubricator  so  that  the  oil 
outlet  will  he  on  a  level  with  or  slightly  above  the 
steam  main,  the  lubricator  will  work.  -Vt  present  then- 
is  no  chance  for  a  siipjily  of  water  to  reach  the  glass  once 
the  pi])e  outlet   fills  with  oil. 

.IVMKS    .\OBLE. 

Toronto,  Out.,  Canada. 
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Conneeting;-Rod  Angularity  and  Compressi  )n — How"  does 
the  angularity  of   the  connecting-rod   affect   the  compression? 

K.    S.    V. 

The  angularity  of  the  connecting-rod  has  the  effect  of 
■making  the  compression  less  on  the  crank  end  than  on  the 
head  end  because  the  crank-end  compression  occurs  during: 
a  relatively  smaller  part  of  the  stroke  than  the  head-end 
compression. 


Unequal  Generator  Voltages — T\'hen  two  alternating-cur- 
rent generators  are  connected  to  the  same  busbars  and  each 
carries  2000  kw.  and  uses  the  same  amount  of  field  current, 
what  could  account  for  unequal  voltages  on  the  two  ma- 
chines?    (One   is   6600   and   the   other   6400   volts.) 

H.    J.    B. 

Apparently  the  difference  in  voltage  is  due  to  the  two  ma- 
chines  not   having   the  same  excitation   characteristics. 


Barller  CutoB — How  can  the  cutoff  be  made  earlier  in  a 
plain    slide-valve   engine   without   altering   the   port   opening? 

V.   K     S. 

Advancing  the  eccentric  on  the  shaft  would  probably  be 
the  best  way  to  make  the  cutoff  earlier.  If  this  is  nc.:  feas- 
ible it  may  be  possible  to  accomplish  the  desired  result  by 
adding  lap  to  the  steam  ends  of  the  valve  or  increasing  the 
throw    of   the   eccentric. 


Fusible  Plugs — What  is  the  difference  between  an  inside 
and   an   outside   fusible   plug? 

S.   C. 

Fusible  plugs  for  boilers  may  be  entered  in  the  tubes  or 
shell  of  a  boiler  from  either  the  fire  side  or  the  pressure  side, 
or  may  be  entered  in  the  shells  of  the  drums  of  a  water-tube 
boiler  in  the  same  two  ways.  When  entered  from  the  pres- 
sure side  they  are  called  "inside  fusible  plugs"  and  when  en- 
tered  from   the  fire   side    "outside   fusible   plugs." 


Position  of  Eccentric  Trith  Reversing  Rocker — If  a  re- 
versing rocker  is  used  on  an  ordinary  slide-valve  engine  will 
the   eccentric    occupy    the    same    position     as     with    a     direct 

rocker?  ^  . 

S.  K.   V. 

If  a  reversing  rocker  is  used,  the  eccentric  will  not  oc- 
cupy the  same  position  on  the  shaft  as  with  a  direct  rocker, 
for  with  the  latter  the  eccentric  will  be  90  deg.  plus  the  angle 
of  advance  ahead  of  the  crank  while  with  a  reversing  rocker 
it  will  be  90  deg.  less  the  angle  of  advance  behind  the  crank. 


3Iaking  a  Barometer — In  making  a  barometer,  how  can  all 
the  air  be  removed  from  the  tube  so  as  to  get  a  correct 
reading? 

F.   P.   B. 

The  mercury  must  be  thoroughly  boiled  to  expel  air  or 
other  gases.  After  filling  the  barometer  tube  the  mercury 
should  be  boiled  in  the  tube  to  expel  air  bubbles  that  may 
adhere  to  the  surface  of  the  glass.  For  boiling  out  the  air. 
the  filled  tube,  open  end  up,  can  be  heated  directly  by  an 
alcohol  lamp  or  the  tube  can  be  placed  vertically  in  a  bath 
of  warm   oil. 


Deposit  On  Positive  Wire — What  is  the  cause  of  a  deposit 
on  the  positive  mains  of  an  electric  distribution  system  (light 
and  power)  in  mines? 

P.  M.  C. 

Mine  atmosphere  contains  sulphuric  acid  and  often  nitric 
ES  well.  These  two  combining  form  aqua  regia.  a  very  power- 
ful acid  which  attacks  copper  and  forms  a  coating  of  oxide. 
It  would  seem  that  the  deposit  should  be  on  the  negative 
rather  than  the  positive  if  electrolytic  action  has  any  part 
in  it. 

[If  anyone  can  suggest  an  explanation  for  the  reverse 
being   true  we   should   like   to   hear  from   them. — Editor]. 


"Donble-eccentrle"   Corliss  Engine — What   Is   a    "double-ec- 
-centric"    on   a   Corliss    engine?     What    is    it    for   and     how    is 


Strictly  speaking,  there  is  no  such  thing  as  a  "double  ec- 


centric" on  a  Corliss  engine.  The  name  is  frequently  used 
to  signify  the  presence  of  twro  eccentrics,  i.e..  one  foi-  the 
steam  and  one  for  the  exhaust  valves.  Separate  eccentrics 
are  used  to  secure  independent  action  of  the  steam  and  ex- 
haust valves.  The  eccentrics  are  set  at  approximately  90  deg. 
with  the  crank,  depending  on  the  design  and  proportions  of 
the    valve-gear. 


Pump    Discharge   Exceeding   Piston    Displacement — Can    the 

amount    of    water    actually    delivered    by    a    pump    against    a 
head   exceed    the   piston    displacement? 

C.  P.  J. 
This  might  be  possible  under  certain  conditions.  When 
the  rate  of  displacement  by  the  piston  is  reduced  without  cor- 
responding reduction  in  the  velocity  of  the  water  through 
the  suction  pipe,  the  momentum  of  the  water  may  be  so 
great  that,  acting  like  a  hydraulic  ram,  the  velocity  set  up 
may  be  great  enough  to  create  sufficient  pressure  for  some 
of  the  water  to  be  delivered  through  the  discharge  valves. 
Any  quantity  thus  discharged  would  be  in  excess  of  the  actual 
piston  displacement. 


Edison  Storage  Battery — What  are  the  materials  used  in 
the    Edison   storage   battery? 

A.    B.    T>. 

The  positive  element  is  nickel  hydrate  and  the  negative 
iron  oxide.  The  electrolyte  is  a  21  per  cent,  solution  of 
caustic  potash  containing  a  small  amount  of  lithium  hydrate. 
The  nickel  hydrate  is  loaded  into  perforated  steel  tubes  in 
thin  layers  (about  300  layers  per  tube)  and  between  each  two 
layers  is  a  thin  layer  of  pure  nickel  to  improve  the  electrical 
contact.  The  same  function  is  served  with  the  iron  element 
by  mixing  with  it.  before  loading,  a  little  mercury  oxide.  The 
tubes  are  held  by  steel  threads  and  the  positive  and  negative 
elements  are  insulated   from  one  another  by  rubber  pins. 


Fuel  Oil — How  many  pounds  of  water  will  a  pound  of  av- 
erage fuel  oil  evaporate  when  fired  under  a  large  water-tube 
boiler?      What   is    the   weight    of  a    Cubic   foot   of  fuel   oil? 

S.    K.    B. 

California  oil  burned  under  water-tube  boilers  has  been 
reported  to  evaporate  the  equivalent  of  14.314  to  14.839  lb.  of 
water  from  and   at   212   deg.   F.   per  pound  of  oil. 

California,  Texas  and  Java  fuel  oils  have  a  specific  grav- 
ity of  about  0.92.  while  some  oils  from  the  eastern  United 
States  have  a  specific  gravity  of  0.S4  to  0.S7.  The  weight  of 
a  cubic  foot  of  water  (at  62  deg.  F.)  being  62.355  lb.,  the 
weight  per  cubic  foot  of  any  oil  is  found  by  multiplying 
62.355  by  its  specific  gravity.  For  example.  California  oil,  or 
anv   other  oil   of  0.92   specific  gravity,   weighs 

62.355    X    0.92    =    57.36   lb.   per   ou.ft. 


'Question  of  Boiler  Capacity — Will  a  capacity  of  520  hp.  in 
water-tube  boilers  be  sufficient  to  supply  a  vertical  compound 
marine-type    engine   in    a    400-kw.    generating    set? 

G.  F.  B. 
A  boiler  horsepower  is  usually  based  on  an  evaporation  of 
3414  lb  of  water  from  and  at  212  deg.  F.  (equivalent  evapora- 
tion). This  under  the  ordinary  actual  pressure  corresponds 
to  30  lb.  of  water  per  hour,  so  the  steam  available  from  the 
boilers   at   normal    rating   would   be 

520    X    30    =    15,600    lb. 
A    compo.-nd    condensing    engine    would    use    20    to    22    lb.    of 
steam    per    horsepower-hour,    so    that    the    boiler    could    supply 
an    engine   of    this   kind   as    large   as 
15.600 

=    709.09    hp. 

22 
A    com-    .und    noncond'ensing    engine    should    not    take    over 
26   lb.  of    -sam  per  horsepower-hour,   and   therefore   might   be 
as    large     is 

15.600 

=    600   hp. 

26 
and    not    overtax    the    boiler. 
As   4t.O   kw.    is   equal    to 

400  X  1000 


the  boiler   caiacity  is   ample  even  if  the   engine   is   to  be   op- 
erated noncondensing. 
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Review  of  Mathematics  with  Test 
Questions 

111  this  issue  we  coiuliule  the  lessons  in  iiiatheiiiatics 
bv  a  review  of  previous  lessous.  Iii  the  lessons  that  fol- 
low, problems  will  be  met  with  that  require  the  use  of 
mathematics,  so  the  student  is  sure  to  receive  plenty  ol' 
practice  in  the  subject. 

To  assist  him  in  answering  tlie  following  questions, 
the  student  is  urged  to  make  a  brief  review  of  all  pre- 
vious lessous.  Answers  to  these  questions  will  be  given 
in  next  week's  issue. 

Following  the  review  of  mathematics  will  come  se\- 
<'ral  lessons  in  combustion  and  flue-gas  analysis.  After 
this,  other  subjects  of  importance  to  the  engineer  will 
be  taken  up. 

•       1680      ,  .  ,    .    „ 

(1)  In  the  expression  -ttT'  ^"'^^^'''^  ^*  "'*^  numerator 

and  which  the  denominator? 

22,043  ,  , 

(2)  Express  — w;r—    as  a  mixeil  luiniher. 

(3)  rerform  the  following  example  by  cancelation: 

201  X  740  X  39  X  10  X  4  _ 
8X3X4X3X37 

(4)  When  addition  and  subtraction  is  indicated  in  an 
example,  can  the  example  be  solved  by  cancelation  ? 

The  least  common,  denomdnator  of  two  or  more  frac- 
tions is  the  least  number  that  will  contain  all  the  de- 
nominators of  the  fractions  without  a  remainder. 

To  find  the  least  common  denominator,  set  all  the 
denominators  in  a  row  and  divide  each  that  is  so  divisible 
by  the  smallest  number  (larger  than  1)  that  will  go  into 
aiiy  of  them  without  a  remainder.  Repeat  the  process 
until  there  are  no  remainders.  Whenever  a  number  or 
a  remainder  will  not  divide  liy  the  divisor  then  taken, 
bring  the  iiuml)er  down  without  dividing.  Now  multii)ly 
together  all  the  divisors;  the  ]irci(liiil  will  be  Ihe  least 
I  Dnimoii  denominator. 

E.xample:      Find    the    least    common    denominator    of 


2) 

18  — 

12  — 

<) 

2) 

9  — 

6  — 

9 

3) 

9  — 

3  — 

9 

3) 

3  — 

1  — 

3 

1—1  —  1 

2  X  2  X  3  X  '^  =  32  =  least  common  di'iiominalnr 

ir/iera  ihe  lvalue  of  ihe  denominator  is  changed  io  that 
of  the  leant  common  denominator,  the  value  of  Ihe 
numerator  must  he  correspondingly  changed  .so  that  tin: 
I  nine  of  the  given  fraction  will  not  he  changed. 

Thus  the  least  common  denominator  of  %,  %,  A  '^ 
Hi,  i)ut  when  the  denominator  1G  is  used  we  must  chang<' 
llie  numernlors  as  %  =     ^?  :  %  =     1  f!  ^  A  =  A- 

Notice  that  we  multiply  the  numerator  liy  the  same 
number  that  we  would  multiply  the  dcnomiuator  by  to 
get  the  least  common  dcnciminalor. 


(.-.)      Find  the  sum  of  44/5  +  .3?,|    +  202  +  7514. 
(0)      Subtract  229 1'v  from  242,%. 

(7)  Subtract  183%  from  19. 

(8)  What  is  the  product  of  19%  X  22%?     " 

(9)  State  the  rule  for  division  of  fractions. 

(10)  What  decimal  ])art  of  a  foot  is  9  in.? 

(11)  How  many  liters  in  a  gallon  ? 

(12)  What  part  of  an  inch  is  a  millimeter  ? 

(13)  One  B.t.u.  equals  0.252  large  calories  or  252 
small  calories;  what  is  the  calorific  value  (large  calories) 
of  coal  containing  13,500  B.t.u.  per  lb.? 

(11)  Has  the  volume  of  a  barrel  ever  been  definitely 
standardized  ? 

(  1 .") )      What  is  212  deg.  F.  on  the  Centigrade  scale? 

(K;)  The  listed  price  of  a  steam  trap  is  $30  with 
■■411  and  10  off,"  what  is  the  actual  price  of  the  trap? 

(IT)  How  many  pounds  of  combustible  in  a  ton 
(2000  lb.)   of  coal  containing  12  per  cent,  ash? 

(IS)      The  formulas  for  ratio  are 

„     .        antecedent  ,       antecedent 

Ratio  = -;  conseqxient  =  -       ,.       ; 

consequent  ratio 

antecedent  =  consequent  X  I'dio 

What  is  the  ratio  of  heating  surface  to  grate  surfa'-e 

in  a  boiler  with  a  grate  7x9  ft.  and  with  950  sq.ft.  of 

heating  surface? 

(19)  What  is  the  inverse  ratio  of  20:4? 

(20)  A  pump  discharging  220  gal.  per  min.  fills  a 
lank  in  3  hr.  How  long  will  it  take  to  fill  the  tank  if  it 
delivers  400  gal.  per  min.? 

(21)  What  is  the  s(iiiare  of  224%? 

(22)  What  number  multiplied  (Hice  by  itself  will 
])roduce  7S9  ? 

(23)  A  .'iteel  shaft  is  to  run  .t  SO  r.p.m..  and  is  re- 
quired to  transmit  2S  hp. :  according  to  the  D.  K.  Clark 
rule  (.see  PowEii.  .Ian.  7.  1913,  page  32).  what  size  shaft 
>liould  be  used  ? 

(24)  Solve  bv  logarithms: 

(a)  33x3;" 

(b)  Find   the   log  of  31.428; 

(c)  or   uhal    number  is  4.4980071    the  log? 

(d)  Find  llic  log  of  31,444.73; 

(e)  or  what  niunber  is  4.4931343  the  log? 
(f)  What    is  tlic   value  of  642J? 

In  logarithmic  tables,  such  as  given  in  Kent's  "Me- 
chanical Engineers  Pocket-Book,"  always  use  as  the  first 
two  figures  of  the  manti.«sa  those  given  with  the  only 
(oni|dete  mantissa  (six  jdaces)  contained  in  the  same 
section  of  the  table  (boxed  in  with  rules)  that  contains 
tb<'  last  four  figures  of  the  mantissa.  For  example,  take 
the  log  of  1413  (page  133,  7th  edition  ;  page  140,  Sth  edi- 
tion).    The  manti.ssa  will  be  150142. 

(25)  To  reduce  tlie  actual  evaporation  to  .111  c(|niva- 
Icnl  evaporation  from  and  at  212  deg.  F..  the  rnllowing 
formula  is  used  : 


w  = 


970.4 


in   which 
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W  =  Equivaleut  evaporation  from  and  at  212  cleg.; 
11'  =  Actual  evaporation  : 

//  =  Total  heat  of  steam  above  32  deg.  F.  at  the 
pressure  at  which  the  water  was  evaporated ; 
t  =  Temperature   of  the   feed   water   entering   the 
boiler ; 
970.4  =  Latent  heat  of  evaporation. 
To  find  the  factor  of  evaporation  use  this  formula 
fff  —  f.  +  32N 


Fa. 


/ff  —  f.  +  32\ 
•'*"'-  =  (        970A       ) 


In  connection  with  these  two  formulas  read  the  arti- 
cle "Factor  of  Evaporation."  in  the  Mar.  1 1  issue,  page 
334. 

Approximate  the  evaporation  in  your  plant  and  apply 
the  formulas  for  practice.  Also  turn  back  to  page  276 
of  the  Feb.  5  issue  and  work  examples  in  safety-valve 
areas  and  conamercial  sizes  by  using  the  Massachusetts 
formula. 

(26)      How  many  degrees  in  %  of  a  circle? 

Given  the  area  of  an  equilateral  triangle  to  find  the 
length  of  a  side. 

An  equilateral  triangle  being  one,  all  of  whose  sides 
are  equal,  its  altitude  would  divide  the  triangle  into  two 
right  triangles. 

Let 

a  =  Altitude ; 

h  =  Base  =  Length  of  each  side; 
A  =  Area. 

Bv  the  relations  of  the  sides  of  a  right  triangle 


©■ 


+  oJ 


a-i  =  62 


4 


(3)j'--T-— r 


Since 


V3 


( 1. 806 


a  =  0.SU6  b 
But  the  area  of  any  triangle  is  equal  to  half  the  product 
of  the  base  by  the  altitude.     Then  the  area  of  the  equi- 
lateral triangle  is 

A  =  1/2  {h  X  a) 
Substituting  for  a 


A  =  i  (bXO. 


36  b)  =  '-^'  b-^  =  0.433  b^ 


then 


ai:d 


b'-  = 


b  = 


A 
0.433 


\  (1.433 

wjiich  gives  the  formula  for  finding  the  side  of  an  equi- 
lateral triangle  when  the  area  is  given. 

(27)  Wliat  is  the  length  of  a  side  of  an  equilateral 
triangle  having  an  area  of  21.217  sq.in.  ? 

(28)  An   inclined  plane  forms   a  triangle   with   the 
ground,   the   base   measures    1762   ft.,   and    the   vertical 


distance  between  the  ground  and  the  elevated  end  of  the 
plane  is  662.5  ft.     How  long  is  the  plane? 

(29)  If  one  gallon  of  paint  will  cover  42  sq.ft.  of 
iron  surface  with  three  coats,  how  many  gallons  are  nec- 
essary to  paint  a  steel  stack  60  ft.  high,  6  ft.  in  diameter. 

(30)  What  is  meant  by  "mean  circumference?" 

(31)  State  the  formula  for  finding  the  volume  of  a 
frustum  of  a  pyramid  or  cone. 

(32)  Approximately,  how  many  tons  (2140  lb.)  of 
pea  coal  will  be  contained  in  a  bin  60jf  ft.  long,  25%  ft. 
high,  and  31 1%  ft.  wide?  One  long  ton  (224(i  lb.)  of 
pea  coal  occupies  36.7  cu.ft. 

(33)  The  solid  cast-iron  ball  on  a  crane  tackle  chain 
is  11  in.  in  diameter.  How  much  docs  it  weigh,  cast  iron 
weighing  0.26  lb.  per  cu.in.? 

Answers  to  Problejis,  Mar.  25  IssfE 

(1)  $413.45. 

(2)  1220.137  gal. 

High-Speed  Engine  Wrecked 

By  T.   K.   Li;e 

An  accident  to  a  17o-hp.  high-speed  engine  at  the 
electric-light  plant,  Benson,  Minn.,  recently  wrecked  the 
engine.  It  was  a  compound,  with  12  and  18  by  14-in. 
cylinder,  of  the  center-crank  type,  directly  connected  to 
p  100-kw.  generator  and  running  at  240  r.i).m.  at  the 
time  of  the  accident. 

This  unit  was  iii-Tiill.'^l  .  i-!it    ..Mr-  .12^.  ;ind  was  used 
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only  for  the  peak  evening  load.  Although  the  engine 
never  gave  any  trouble,  it  was  run  only  when  the  heavy 
load  was  on,  because  it  was  not  economical  in  steam  con- 
sumption. The  engine  had  been  running  smoothly  as 
ever,  when  the  engineer,  who  had  just  come  in  trim 
the  boiler  room,  heard  a  sharp  knock  and  the  engine 
went  to  pieces. 

The  c}'linder  head  and  piston  of  the  high-pressure  cyl- 
inder was  blown  through  the  window,  taking  part  of  the 
wall  with  it  and  landed  50  ft.  outside.  The  heavy  counter- 
weights on  the  crankshaft  broke  off  and  were  thrown 
against  the  wall  with  great  force,  just  missing  the  gen- 
erator of  the  Xo.  2  unit. 

The  real  cause  of  the  accident  was  the  breaking  of  one 
of  the  bolts  holding  the  crank  box  tosethcr:  a  fljvw  was 
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l)laiiily  shown  in  this  bolt.     Tlie  other  liolt  liold  for  some 
time,  and  was  considerably  bent  before  breaking. 

When  these  bolts  broke  the  connecting-rod  dropped 
and  the  crankpin  struck  it  with  enough  force  to  break  it 
and  send  the  piston  against  the  head,  shearing  the  studs 
and  knocking  out  the  cylinder  head.  In  Fig.  1  is  shown 
the  crank  end  of  the  engine,  the  two  counterweights  which 
were  broken  and  ])art  of  the  broken  connecting-rod.     Fig. 


Fio.  2.  Head  End  of  Engink 

'■i  shows  the  head  end  of  tiie  engine  with  the  head  and 
piston  knocked  out.  The  stud  bolts,  %  in.  in  diameter 
and  spaced  oi/^  in.  apart,  were  constructed  of  poor  ma- 
larial. 


OVER 

J  r  S  T      J  E  S  T  .s . 

THE     SPILLWAY 

J  A  B  .S  ,     JOSHES      A  X  D     JUMBLES 

There  is  a  scheme  on  foot  up  at  Niagara  Falls.  N.  Y..  to 
develop  hydro-electric  power  from  the  outflow  of  that  city's 
trunk  sewers.  Phew!  Why  not  let  well  enough  alone?  Just 
when  things  seem  to  be  flowing  smoothly,  some  gink  always 
wants  to  stir  things  up.  We  don't  favor  the  water-power 
"possibilities"  in  the  average  sewer. 

.\  college  professor  has  written  a  book  entitled  "English 
foi  Engineers"  which  its  reviewer  recomniends  "to  engineers 
who  desire  a  little  strengthening  of  their  English."  We  fail 
to  see  its  need.  .Some  of  the  strongest  English  we  ever  heard 
in  our-young  life  came  from  engineers.  While  the  vocabu- 
lary may  have  had  its  limitations,  the  strength  would  never 
be    questioned    for    a    moment. 

.\  careful  study  of  old  man  Webster's  tome  of  definitions 
would  often  convince  bitter  disputants  that  they  really  think 
alike. — "The    AVood worker." 

The  trouble  with  the  majority  of  these  bitter  disputants 
is  that  they  too  often  agree  with  the  man  who  would  not 
buy  a  dictionary  because  every  time  he  looked  in  it.  the  dum 
book    was    wrong! 


My  word!  It  must  be  jolly  rippin',  old  top,  to  be  grate 
maker  to  a  king.  Where  the  additional  prestige  comes  in, 
Ave  know  not,  but  when  the  London  "Electrical  Review" 
makes    this    solemn    proclamation,    it    must    mean    something: 

"Makers  to  His  Majesty — The  Carron  Co.  has  been  ap- 
pointed grate  makers  to  H.  M.  the  King.  The  Carron  works 
have  been  visited  on  many  occasions  by  Crown  heads  of 
Europe,  including  Czar  Nicholas  T  of  Russia.  Prince  Leopold 
Maximilian  of  .\ustria.  and  by  King  Edward  VII,  when  Prince 
of    Wales. 

No  longer  should  we  wonder  at  the  man  in  Holy  Writ 
who  sold  his  birthright  for  a  mess  of  pottage,  or  at  the  in- 
dividual who  told  us  to  stop  his  paper  as  he  knew  "as  much 
as    Power."      Give    ear    to    this: 

WILL  EXCHANGE  a  one-hundred-dollar 
engineering  course  for  a  motor-cycle  in 
good  condition.  Address  R.  P.  M..  Box 
123.    Boston.    Mass. 


Ocean  Liner's  Fuel  C^ost 

The  coal  bill  of  a  big  trans-Atlantic  liner  is  suHiriml  ly 
Li'cat  under  ordinary  circumstances,  but  when  strike 
•  iiiiditions  prevail,  with  consequent  high  ])riccs.  tlic  siiiii 
|).iid  for  suliiciriit  furl  IVn'  a  single  \(iyagc  may  amount 
•■dnio.st  to  a  small   furluiic. 

The  White  Star  liner  "Olympic'"  for  lici-  last  trip  to 
this  country  was  compelled  to  pay  •$.">  pci'  Ion  for  her 
liunker  coal,  and  had  dillicidty  in  securing  enough  lo 
Mip])ly  her  needs  at  even  this  |inc-c.  Her  total  expense 
lor  coal  alone  upon  this  voyage  was  $25,000. 

Upon  tliis  trip  the  vessel  carried  15.S6  passengers  of  :ill 
rla,sses,  and  the  expeii.se  for  fuel  for  each  passenger 
iiMiouiited  in  round  numbers  to  $15.70.  As  the  voyage 
uas  completed  in  5  days,  IS  hours  and  Ki  min..  the  coal 
liill  anuiuiiled  to  slightly  over  $:?  ])er  minute. 

In  reckfiiiing  fuel  <-o.sts,  all  figures  should  be  regarded 
I-  relative,  lierause  one  steamer  burns  a  greater  weight 
ni  value  of  coal  liian  another,  does  not  nece.s.sarily  mean 
that  her  freight  cost  per  ton-mile  is  any  higher.  It  is 
iM'oliable  that  other  vessels  ])lying  between  the  same  ports 
It  about  the  sanu-  time  as  the  "Olympic"  were  comi)elled 
lo  pay  equal  rates  |)er  ton  in  order  to  (ill  tiieir  bunkers. 
It  is  doubtful,  however,  if  any  otiier  .steamer  ])aid  such 
an  enormous  sum  for  fuel  enougii  for  a  single  voyage. — 
'  'oat  A  f/e. 


If  "the  pen  is  inightier  than  the  sword,"  the  pen  has  com- 
mitted hari-kari  in  a  mighty  funny  item  in  a  Boston  dally.  It 
says  that  "the  superheated  locomotive  is  so  called  because 
the  water  in  the  tank  is  heated  in  order  that  it  may  be  all 
ready  to  steam  when  it  goes  into  the  boiler."  Well.  I'll  be 
.gormed! 

••THE    i;Vll.    OP    POWER" 

.\  reader  in  .\i«  Ikimpsliire  sent  us  this  sketch,  and  said 
it    was   a  joke   we   married   men    will   appreciate.      We  do.      We 


arc  glad  to  state  that  our  l,n..\  iw 
but  pained  to  learn  that  POWER  h 
apparently  once  lovlnia;  couple.  Have 
hath  no  fury  like  a  woman  scorned!" 
InK.  tender  heart,   and   then   you    negh 


I.. I  llii.s  Mn<l  of  a  lady 
H  ever  busted  apart  an 
a  rare,  Hen  Jones;  "hell 
■V'ou  win  Lovey's  trust- 
rt  her  for  a  literary  ca- 


ild 


(There 
we'll 


lots 


ir  j. 


e  mitrht  .-"ay  about  Lovey,  but  we're 
ilou.'<y.   Henry). 
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Modern  Condensing  Systems 


SYNOPSIS — Relative  advantages  of  surface  and  jet  con- 
densers and  a  comparison  of  reciprocating  and  rotary 
pttnips,  special  attention  being  given  to  Westiiighoitsc- 
Lehlanc  designs. 

Ill  a  paper  read  before  The  Institution  oi'  Mechanical 
Engineers,  A.  E.  Leigh  Scanes  presented  an  interesting 
discussion  on  the  development  in  condensing  s\-stems 
which  has  taken  place  during  recent  years.  He  con- 
sidered briefly  surface  and  jet  condensers  and  gave  con- 
siderable space  to  air  pumps,  dealing,  particularly,  with 
the   Westiughouse-Leblanc   dry-air   pumps.      Circulating 
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CoilPAUATIVE  IxiTI.\L  CoSTS  OF  VARIOUS 

Types  of  Coxdexser 

pumps,  extraction  pumps   and   vacuum  traps  were   also 
briefly  treated. 

In  the  paper  surface  condensers  were  divided  into  two 
classes,  those  in  which  the  cooling  water  passes  througli 
the  tubes  and  those  in  which  the  steam  is  condensed  in 
the  tubes  by  a  small  quantity  of  water  flowing  over  their 
exterior.  The  jet  condensers  were  divided  into  high  level 
or  l:)arometric,  low  level,  and  ejector  types.  As  a  guide 
in  choosing  a  plant,  the  series  of  curves  shown  in  Figs. 
1  and  2  were  presented.  Fig.  1  compares  the  initial  cost 
of  the  various  types  and  Fig.  2  the  operating  cost.  In 
each  diagram  40,000  lb.  of  steam  per  hour  and  a  barom- 
eter of  30  in.  were  used  as  a  basis.  In  Fig.  1  allowance 
was  made  for  the  original  cost  of  the  condensers,  cooling 
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Ft(i.  2.    Comparison  of  Runxixg  Costs  at  i/^d.   (Ic.) 

PER   I'XIT  AXD  DePRECIATIOX  CAPITALIZED  AT 
5  PER  Cex't. 

towers  when  necessary,  and  foundations.  In  Fig.  2,  de- 
preciation at  12  per  cent,  per  annum  and  a  running  cost 
of  14  pence  (one  cent  in  American  money)  per  unit  have 
been  capitalized  at  .5  per  cent. 

Surface  Coxdexsers 

In  the  earlier  types  of  surface  condenser,  it  was  stated 
that  a  low  rate  of  heat  transmission  was  usual,  about  3.50 
B.t.u.  per  sq.ft.  of  surface  per  degree  Fahrenheit  mean 


temperature  difference,  this  rate  giving  a  condensation  of 
5  or  6  lb.  per  sq.ft.  per  hr.  for  moderate  vacua  and  water 
temperatures. 

From  the  viewpoint  of  reliability,  large  surfaces  have 
been  preferred,  since  they  are  supposed  to  require  less  at- 
tention and  cleaning  to  maintain  a  high  vacuum.  This 
may  be  true  with  moderately  clean  water,  but  marine 
practice  has  shown  that  small  surfaces  are  best  for  reduc- 
ing the  formation  of  scale,  owing  to  the  increased  water 
velocity.  Furthermore,  this  increase  of  velocity  through 
the  tubes  also  increases  the  rate  of  heat  transmission  from 
the  metal  to  the  cooling  fluids.  In  this  connection.  Fig. 
3  shows  experimental  results  obtained  by  various  author- 
ities. 

The  author  refers  briefly  to  the  drop  of  vacuum  caused 
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Fig.  3.  Heat  Traxsjiissiox  from  Steam  to  Water 
IX  Surface  Coxdexsers 

by  the  tubes  throttling  the  flow  of  steam,  and  the  efforts 
made  to  overcome  this  by  keeping  a  constant  steam  veloc- 
ity. This  was  accomplished  by  placing  the  tubes  farther 
apart  near  the  steam  inlet,  making  the  condenser  :5hell 
heart  shaped  to  offer  a  large  surface  at  the  top,  gradually 
decreasing  lo  the  air  outlet,  and  running  passages  among 
the  tubes.  The  first  and  last  methods  have  bc';n  adopted 
by  the  British  Westinghouse  Electric  &  Manufacturing 
Co.,  and  .some  illustrations  of  their  condenser  were  pre- 
sented with  test  data  to  show  the  efficiency  of  operation. 
Air  logging  of  the  bottom  tubes  and  vacuum  efficiency 
were  also  given  brier  mention. 

Jet  Coxdexsers 

This  type  of  condenser  may  be  used  when  the  supply 
of  cold  water  available  either  from  natural  sources  or 
from  a  cooling  system  is  suitable  for  boiler-feed  purposes. 
Even  when  this  is  not  the  case,  but  the  water  is  of  a  qual- 


Aiiril  8.  1913 


P  0  W  E  E 


ni 


ity  wiiich  would  rapidly  scale  or  pit  tlie  tubes  of  a  surface 
plant,  jet  plants  can  often  be  used  in  conjunction  with  a 
purifier  for  feed  purposes.  The  power  absorbed  by  the 
pump  is  usually  higher  than  for  a  surface  plant,  although 
the  actual  water  quantity  required  is  considerably  less, 
the  excess  power  being  due  to  the  water  being  extracted 
from  the  condenser  body  against  the  vacuum  head  (which 
is  approximately  32  ft.)  in  addition  to  any  external  pres- 
sure. The  air  pump  must  also  be  larger  to  deal  with  the 
air  liberated  from  the  water,  usually  not  less  than  2  per 
cent,  of  the  volume  at  atmospheric  pressure.  Reference 
was  made  to  the  earlier  forms  of  jet  condensers,  and  a 
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PlCiS.   1  AND  5.    EeLATIVE   OPERATING  DaTA  OF  LeBLANC 

AND  ReCIPKOCATING   PuJIPS 

A  Absolute  pressure  in  condenser  with  wet  piston  pump. 
B  Absolute  pressure   in   condenser   with   Leblanc  pump. 
C  Power  absorbed  by  Leblanc  pump. 
D   Power   absorbed    by   wet   piston   pump. 
E  Net   gain    in   B.t.u.    obtained   with   Leblanc   pump. 
F    Percentage    ot    coal    consumption     saved     with     Leblanc 
pump. 

description  was  given  of  the  Westinghousc-Lcljlaiic  multi- 
ple-jet condenser. 

Barometric  jet  condensers  are  similar  to  the  low-level 
type  with  the  exception  that  the  hot  water  and  condensed 
sleam  are  removed  by  means  of  a  barometric  leg  instead 
of  an  extraction  pump.  The  disadvantages  consist  of 
greater  expen.se,  more  room  occupied  and  loss  of  vacuum 
between  the  condenser  and  main  unit,  due  to  the  abnor- 
mal length  of  the  exhaust  pipe.  This  loss  may  vary  be- 
tween 1/4  and  1  in.  of  mercury.  In  the  majority  of  case.'?, 
a  low-level  jet  is  to  be  preferred,  the  only  condition  where 
a  barometric  plant  is  advisable  is  when  the  cooling  water 
is  at  a  level  which  does  not  necessitate  an  injection  pump. 

For  very  small  steam  quantities,  ejector  condensers  are 
employed.  A  diagram  of  one  of  the  best  forms  of  the 
older  designs  was  shown  in  the  paper  and  also  a  dia- 
irram  locating  the  critical  ])oint.  The  Westinghouse- 
iicblaiic  simple  jet  condenser  was  illustrated. 

.\ii;   I'r.Mi's 

Considerable  space  was  given  to  air  jnimps,  and,  as 
with  the  other  ai)paratus,  most  of  it  was  devoted  to  the 
W'estinghouse  ])roduct.  Brief  mention  was  made  of  the 
I'aisons  vacuum  augmenter,  reciprocating  ])umps,  the  ro- 
tary spray  air  pump,  and  a  simple  waler-ejector  type  of 
air  pumj),  but  most  of  the  space  under  this  divisirm  of 
the  paper  was  devoted  to  the  Westinghouse-Leblanc  dry- 
air  pump.  Its  advantages  were  pointed  out  and  com])ari- 
sons  made  with  other  types  of  ))ump.  Diagrams  .'(howing 
I  lie  comparative  floor  .space  occupied  by   Ivcblanc  piimi)s 


and  reciprocating  pumps  were  given,  and  also  an  illustra- 
tion, showing  the  new  method  of  operating  the  pump  in 
connection  with  a  tank  in  which  the  water  level  is  above 
the  suction.  The  advantage  of  this  arrangement  over  the 
old  method  of  drawing  the  water  from  a  seal-well  below 
the  axis  of  the  pump  is  apparent.  Should  the  vacuum 
fail  for  any  reason,  the  pump  remains  primed,  and  on  the 
leakage  being  topped  it  picks  up  again  without  at- 
tention. 

Figs.  4  and  5  show  graphically  the  relative  power  ab- 
sorbed by  a  Leblanc  rotary  air  pump,  including  rotary 
hotwell  pump,  delivering  to  10  ft.  external  head,  com- 
pared with  a  reciprocating  wet-air  pump  of  good  design. 
In  Fig.  4  full  load  has  been  taken  at  27  in.  vacuum,  and 
in  Fig.  5  at  28  in.  vacuum.  The  power  has  been  given 
in  B.t.u.  for  the  sake  of  simplicity,  an  overall  efficiency 
of  20  per  cent,  being  assumed.  The  other  curves  give 
the  respective  total  absolute  pressures  in  the  condenser, 
the  total  heat  returned  by  the  rotary  pump  in  the  hot- 
well  in  excess  of  that  returned  by  the  piston  pump,  the 
net  gain  in  B.t.u.  and  the  overall  gain  in  coal  consump- 
tion, assuming  that  live  steam  at  100  per  cent,  efficiency 
be  used  to  raise  the  hotwell  temperature  before  entering 
the  economizer,  in  the  case  of  the  piston  pump. 

In  calculating  the  net  gain  and  B.t.u.,  allowance  has 
been  made  below  full  load  on  the  condenser  for  the  de- 
creased steam  consumption  for  equal  power  outputs,  due 
to  the  higher  vacuum  maintained  by  the  Leblanc  pump. 
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Fig.  6.   Test  Results  fhom  Rotary  Pumps 

Barometer   during-   test   of   rotary   spray   pump    29.47    In.    hg. 

Temperature  of  water  used  64  deg.  K.,  corresponding  to  a 
water  vapor  tension  of  0.63  in  hg.  Theoretical  vacuum 
28. S4   In.  ,       .      ,.  T    1  1 

narometer  during  test  of  Westinghouse-Leblanc  pump 
29-78  In.  ,         „  J,         , 

Temperature  of  water  used  68  deg.  P.,  corresponding  to  a 
water    vapor    tension    of    0.68     in     hg.       Theoretical     vacuum 

Curve  A — Vacuum  obtained  with  Westlnghouse-Liblanc 
pump  absorbing  40  b.hp. 


ab- 
wlth  Westlnghouse- Leblanc 
ith   rotary  multlple-jel  pump 


B — Vacuum    obtained    with    rotary    spray    pu 
sorbing  42  b.hp. 

Curve     C — Vacuum     obtained 
pump   absorbing   27.2    l.t.hi>. 

Curve   D — Vacuum   obtained 
absorbing  40  b.hp. 

This  decrease  has  been  taken  as  .')  jier  cent,  mean  between 
27  and  28  in.  vacuum,  and  (i  per  cent,  between  28  and  20 
in.  vacuum.  In  Fig.  6  curve  C  shows  a  test  on  a  Leblniie 
pumji  superimposed  on  the  test  of  a  rotary  spray  pump. 
The  immps  arc  of  npiirn\imatcly  I  lie  same  cniiacity.  and  it 
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will  lie  seeii  that  tho  power  taken  liy  tlie  former  is  i-ou- 
siilerably  less  iluui  hy  a  rolai'v  imiiip, 

CtkCULATIXG  Pi" ill's 

In  the  seetiou  devoted  to  circulating  i)iinips,  reference 
was  made  to  the  tendency  of  purchasers  to  look  only  at 
the  initial  outlay  aud  overlook  running  efficiency  and 
relial)ility.  In  choosing  a  centrifugal  pump  it  must  be 
remembered  that  the  speed  at  ^^■hich  the  pump  is  to  work 
is  fixed  for  a  maximum  efficiency.  The  first  point  to  set- 
tle then  is  the  most  suitable  speed  for  all  conditions  of 
service.  The  next  point  is  to  consider  if  it  is  advisable 
to  run  this  pump  from  the  same  motor  or  engine  which  is 
to  drive  the  air  pump.  With  reciprocating  air  pumps  this 
is  usually  done  with  the  help  of  gearing,  but  this  arrange- 
ment is  not  usually  liked  on  account  of  the  noise,  aud  the 
best  alternative  is  a  rotary  air  pump  which,  when  pos- 
sibk,  should  be  run  at  the  same  speed  as  the  circulating 
pump. 

When  the  cooling  water  has  to  be  lifted  against 
a  low  head,  however,  the  circulating  pump  must  be  run  at' 
a  n.'latively  slow  upeed,  which  would  naturally  detract 
from  the  eificiencj  of  the  air  pump,  and  in  this  case  sep- 
arate motors  would  be  advisable.  When  a  cooling  tower 
must  be  used,  and  the  head  against  the  circulating  pump 
is  oO  ft.  or  more'  a  high  speed  can  be  utilized  aud  all 
the  pumps  direct  coupled.  Even  with  the  high  head  the 
efficiency  ox  the  water  pump  will  be  relatively  low — aiiout 
65  |>er  cent,  for  a  speed  of  2500  r.p.m.,  but  the  advantages 
of  a  self-contained  unit,  which  does  not  depend  on  the 
main  plant  for  power,  usually  more  than  compensates  for 
this  and  the  additional  initial  outlay  involved. 

Extraction  pumps  for  use  with  surface  condensers  were 
given  a  paragraph,  aud  similar  space  was  given  to  vacuum 
tn>ps  for  removing  condensation  from  exhaust  lines  when 
there  is  a  fall  in  the  exhaust  pipe  toward  the  engine. 

The  extended  discussion  following  the  paper  was  largely 
devoted  to  the  operation  of  the  Leblanc  pump,  its  early 
faults  and  its  development,  ('apt.  H.  D.  Sankey  thought 
that  the  Leblanc  pump  was  specially  suitable  when  a  good 
vacuum  was  required,  as  in  the  case  of  turbines.  With 
reciprocating  engines  where  a  vacuum  of  26  to  27  in. 
sufficed,  the  reciprocating  pump  probably  had  the  ad- 
vantage. 


Progress  of  the  1915  Exposition 

While  the  construction  of  the  Panama-Pacific  International 
Exposition,  to  be  held  in  San  Francisco  in  1915,  is  breaking 
al!  records  in  its  progress,  arrangements  are  being  made  for 
Innumerable  conventions  and  conferences  to  meet  at  the  Ex- 
position   in    1915. 

Every  trade  and  profession  in  the  world  will  be  repre- 
sented in  some  form  in  the  exhibit  section  and  it  is  intended 
that  similarly,  every  trade  and  profession  shall  be  represented 
In  convocation.  In  planning  the  Exposition,  such  ample  pro- 
vision has  been  made  for  the  accommodation  of  conferences. 
that  already  hundreds  of  applications  have  been  received 
from  all  parts  of  the  "W'orld  for  dates  to  hold  gatherings  and 
festivals.  The  most  notable  of  the  conferences  already  ai"- 
ranged  for  are  the  International  Peace  Conference.  Conven- 
tions of  the  Inter-Parliamentary  Union,  the  Institute  of  In- 
ternational Law  and  the  Pan-.\merican  Congress.  Other  con- 
ferences in  the  interest  of  commerce,  public  health,  art  and 
music   are    being  arranged. 

.\11  building  will  be  fully  completed  eight  months  before 
the  opening  of  the  Exposition.  By  -August,  1914.  many  of  the 
exhibits  will  have  been  installed  and  the  grounds  terraced 
and  planted  with  trees  and  flowers.  Every  detail  of  the  Ex- 
position will  be  perfected  at  least  two  months  before  the 
opening    date. 


The  Flood 


No  disaster  since  the  Galveston  flood  and  the  .San  Fran- 
cisco earthquake  can  be  compared  to  that  which  the  daily 
press  has  depicted  the  past  two  weeks  of  the  flood  in  the 
Middle  West.  Of  the  extent  of  the  loss  of  human  life  and  the 
sufCering  and  destitution  of  the  survivors  no  accurate  esti- 
mate can  be  made  at  this  writing  (Mar.  31).  One  day  it  is 
stated  that  the  dead  will  number  between  500  and  1000,  and 
the  next  it  is  said  that  "fire  or  the  flood  has  claimed  thou- 
sands of  the  missing."  This  account  is  taken  from  the  news 
reports  as  they  were  published  and  its  statements  must  be 
regarded    with    more    or    less    reservation. 

Of  the  states  most  afflicted,  Ohio,  Indiana,  Pennsylvania 
and  West  Virginia,  Ohio  has  suffered  the  most  in  this  calam- 
ity. Dayton,  Cleveland,  Columbus,  Zanesville,  Steubenville. 
Tiffin  and  Delaware,  where  the  greatest  damage  occurred,  are 
under  martial  law,  and  food,  clothing  and  medical  attendance 
are   being    dispensed    systematically    and    effectively. 

The  cities'  water-works  and  sewerage  systems  are  being 
rapidly  restored  to  operating  conditions  where  possible,  to 
prevent  fever.  Some  of  the  systems  only  need  repairing  of 
the    equipment. 

Many  of  the  factories  in  these  cities  have  been  either  en- 
tirely demolished  or  the  machinery  and  power  plants  wrecked 
beyond  repair.  In  several  cities  some  time  must  elapse  be- 
fore the  lighting  and  power  plants  and  the  gas  service  can 
be   restored. 

In  Indiana.  Peru,  iVest  Indianapolis,  Fort  Wayne.  Lafay- 
ette, Logansport,  Terre  Haute,  Kokomo,  Martinsville,  Shelby- 
ville,  Connorsville  and  many  other  smaller  towns  were  dev- 
astated. 

Most  of  the  Dayton  office  buildings  are  intact,  and  need 
only  to  be  cleared  of  mud  and  debris  and  the  power  plants 
freed  of  water. 

The  plant  of  the  Dayton  Light,  Gas  &  Coke  Co.  was  de- 
stroyed by  file.  The  electric  light  and  gas  plants  are  said 
to  be  uninjured.  Later  Dayton  dispatches  say  that:  'The  first 
call  to  work  was  issued  today  (Mar.  29)  and  by  Monday  morn- 
ing the  reassuring  notes  of  factory  whistles  will  relieve  dis- 
traught minds  of  men  and  women  who  are  still  nerve-racked 
and  ill  from  an  experience  that  has  been  little  less  terrifying 
than    Galveston's." 

This  call  comes  from  the  Dayton  Engineering  Laboratories 
Co.,  the  youngest  of  the  city's  big  industrials.  Its  million- 
flollar  plant,  manufacturing  electrical  starting  apparatus  for 
automobiles  and  employing  1100  men,  was  in  the  center  of 
the  worst  flooded  district.  East  First  and  Foundry  Sts.  Seven- 
teen feet  of  water  submerged  the  concrete  building  to  within 
IS   in.   of  its   second    floor. 

Many  of  tne  large  manufacturing  plants  and  shops  have 
been  forced  to  close  down  owing  to  the  lack  of  transporta- 
tion facilities,  thus  making  an  additional  hardship  on  hun- 
dreds of  employees. 

The  power  plant  of  the  Dougherty  Co.  and  the  dam  in  the 
Black  River,  which  supplied  power  for  lighting  Elyria,  Ohio, 
were  destroyed  by  high  water  late  Tuesday  afternoon,  Mar. 
25,  The  water  from  the  dam  swept  away  the  power  house 
and  a  70-ft.  span  stone  arch  bridge  connecting  the  two  halves 
of  the  city.     The   loss   is  estimated  at   over  $70,000. 

At  Cleveland  the  unprecedentedly  high  water  in  the  Cuya- 
hoga River  flooded  the  basement  of  the  Canal  Road  plant  of 
the  Cleveland  Electric  Illuminating  Co.,  and  partially  shut 
it  down.  Street  lamps  in  the  business  section  went  dark  and 
a  number  of  the  larger  stores  and  business  places  were  only 
partially    supplied    with   light    at    night. 

At  Mansfield,  Bucyrus  and  Ashland.  Ohio,  the  municipal 
lighting    plants    have    been    shut    down    by    high    water. 

The  property  loss  in  Ohio  alone  will  probably  reach  $300.- 
000,000. 

.\s  t'nis  paper  goes  to  press  it  is  reported  that  the  Missis- 
sippi River  is  rising,  and  there  are  fears  of  great  property 
loss,  the  flood  having  already  spread  over  large  areas  in 
Missouri.  The  loss  of  life  will  undoubtedly  be  very  small. 
if  any,  as  the  inhabitants  have  been  warned  in  time  to  flee 
to   the   hills. 


Annual  Dinner  of  New  York  City 
N.  A.  S.  E. 

On  Thursday  evening.  Mar.  27,  the  annual  dinnvr  of  the 
ten  combined  associations  of  Manhattan  and  the  Bronx,  Na- 
tional Association  of  Stationary  Engineers,  took  place  at  the 
Broadway  Central  Hotel.  The  dinner  was  highly  enjoyed  by 
the  350  members  and  guests,  and  much  deserved  credit  is  due 
the    banquet    committee,     Samuel    I.    Schaff,      Fied    G.    JoUey. 
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Harry  J.   Marks.   William  M.  Logan  and   Frederick  Feldermaii. 

Robert  Johnson,  as  toastniaster,  introduced  as  the  speak- 
■  IS.  Past  President  Edward  H.  Kearney,  Vice-President  James 
I:  Coe.  the  Hon.  William  S.  Bennett  and  J.  D.  Taylor,  and 
I'liairman  Joseph  F.  Carney,  of  the  National  Board  of 
Trustees,   made   the   address   of  welcome. 

The  entertainment  features  included  a  broadside  from  that 
strong  battery  of  wit.  talent  and  humor.  Herbert  Self,  bari- 
tone: Jack  Armour,  humorist:  M.  J.  O'Connell.  tenor:  Joe  Mc- 
Kenna.    comedian,    and    Billy    Murray,    of   phonograph    fame. 


Town  Water  Tank  Burst 

On  the  night  of  Mar.  10  the  water-supply  tank  of  the 
city  water  works  at  Ohio.  111.,  burst  and  wrecked  the  electric 
lipht  plant  and  pumping  station,  which  were  located  almost 
l-eneath    the    tower. 

The  50,000-gal.  capacity  tank  was  made  of  3-in.  staves  and 
had  been  in  use  about  18  yr.  Some  of  the  hoops  were  badly 
rusted,  which  was  the  cause  of  the  disaster.  Although  one 
side  of  the  tank  fell  on  the  boiler  room,  taking  the  smoke- 
stack and  steam  pipes  with  it.  and  filling  the  boiler  room  with 
cold  water,  practically  no  damage  was  done  to  the  boilers, 
which   were  under  pressure  at    the   time. 


Wrecked  Pi.axt  .\xn  Station  .\t  (lino.  Tle. 


As  this  plant  was  the  city's  only  source  of  water  supply, 
something  had  to  be  done  quickly:  so  a  traction  engine  was 
brought  in  from  the  country  and  used  to  furnish  steam  for 
one  of  the  pumps  which  was  not  badly  damaged.  This 
worked  so  well  that  it  was  decided  to  try  to  run  one  of  the 
generators  in  the  same  way.  A  larger  traction  engine  was 
run  up  as  closely  as  possible  to  the  other  side  of  the  build- 
i;    and    the    steam    piped    to    a    10xl2-in.    engine,    which    also 

1  escaped  being  wrecl<ed.  In  this  way  the  town  is  being 
j'Plied    with    lights    and    water    until    the    plant    can    be    put 

."hape    again    and    a    new    tank    erected.      The    service    was 

ly   interrupted   for  about   6   hr. 


Boiler  Inspector  Bill  for  New  Jersey 

Assemblyman  Qulnn's  bill  to  authorize  the  governor  of 
N'ew  Jersey  to  appoint  a  state  boiler  inspector  at  (3000  a  year 
passed  the  Assembly  on  Mar.  27.  The  House  of  Representa- 
tives some  time  ago  defeated   the  bill. 

If  the  bill  becomes  a  law  the  state  boiler  inspector  will 
be   able    to   appoint    three    deputies   at    salaries    of    $1S00    each. 

Former  Street  and  Water  Commissioner  Thomas  I".  Con- 
nelly, of  Jersey  City,  who  Is  a  boiler  maker.  Is  among  those 
named   as   candidates   for   the   position   of   inspector. 

The  bill,  according  to  the  daily  press,  has  the  hearty  sup- 
port of  the  Boilermakers'  Union  and  other  labor  organizatiiiii  i. 


SOCIETY     NOTEvS 


The  second  annual  banquet  and  entertainment  of  Local 
472,  International  Union  of  Stationary  Engineers,  composed 
of  the  engineers  of  the  public  schools  of  Greater  New  '\'orU, 
will  he  held  at  the  Broadway  Central  Hotel  on  Saturday  even- 
ing.   Apr.    26. 


J.  M.  Curtin,  formerly  assistant  manager  of  the  industrial 
and  power  department  of  the  Westinghouse  Electric  &  Manu- 
facturing Co.,  at  East  Pittsburgh,  has  been  appointed  man- 
ager. Mr.  Curtin  is  a  graduate  of  Penn  State  College,  and 
has  been  identified  with  the  Westinghouse  company  ever 
since   his  graduation. 

Homer  Whelpley.  secretary  of  the  National  Exhibitors  As- 
sociation, will  resign  on  May  1  from  the  employ  of  Strong, 
Carlisle  &  Hammond  to  go  with  the  Fisher  Governor 
Co..  Marshalltown.  Iowa.  His  headquarters  will  be  at  659 
East  107th  St..  Cleveland,  Ohio.  With  the  latter  company. 
Mr.  Whelpley  will  be  Eastern  sales  manager  of  territory 
comprising  all  states  east  of  the  Mississippi  River,  Including 
the  Southern  states.  He  has  been  with  Strong,  Carlisle  & 
Hammond  about  eight  years  as  sales-manager  of  the  steam 
specialty  department,  has  been  secretary  of  the  National 
Exhibitors  Association  for  the  past  two  years  and  is  now  its 
vice-president. 

Charles  Robbins.  since  1909.  manager  of  the  industrial  and 
power  department  of  the  Westinghouse  Electric  &  Manufac- 
turing Co..  has  been  appointed  its  assistant  sales  manager, 
with  headquarters  at  East  Pittsburgh.  Mr.  Robbins  became 
associated  with  the  company  in  1S99  and  was  for  a  number 
of  years  located  in  New  York  City.  Previous  to  his  connec- 
tion with  this  company  he  was  associated  with  the  Cutter  Co.. 
of  Philadelphia.  He  is  a  member  of  the  National  Electric 
Light  Association  and  the  American  Institute  of  Electrical 
Engineers,  having  been  closely  identified  with  the  latter  or- 
ganization in  connection  with  the  standardization  worlv  and 
prominently    identified    with    tile    committee    on    rating 

Piof.  Ira  N.  Hollis,  of  Harvard  University,  has  accepted 
the  presidency  of  the  ^^'orcester  Polytechnic  Institute,  of 
Worcester.  Mass.  He  was  educated  in  the  public  schools  of 
Louisville.  Ky..  and  after  a  year's  work  in  a  machine  shop 
was  appointed  to  the  U.  S.  Naval  Academy.  He  graduated  at 
the  head  of  his  class  in  1S78  and  entered  the  Engineer- 
ing Corps.  The  succeeding  15  years  were  spent  in  various 
work  in  the  navy,  both  at  sea  and  on  shore.  In  1S93,  while 
serving  under  the  late  Rear-Admiral  Melville,  he  resigned 
to  take  the  professorship  of  engineering  at  Harvard  Uni- 
versity. During  1892  he  delivered  a  course  of  lectures  at 
the  Naval  War  College  on  "The  Ships  of  Our  Modern  Navy." 
These  lectures  were  afterward  issued  to  the  service  in  booli 
form.  At  Harvard  he  was  charged  with  the  duty  of  devel- 
oping the  engineering  instruction,  and  he  remained  at  the 
head  of  the  department  for  16  years.  In  1S99.  he  received  the 
honorary  degree  of  A.  M.  from  Harvard  and  has  since  re- 
ceived honorary  degrees  from  other  institutions.  He  is  presi- 
dent of  the  Engineers  Club  of  Boston,  vice-president  of  the 
American  Society  of  Mechanical  Engineers,  past-president  of 
the  Boston  Society  of  Civil  Engineers,  and  has  served  on  the 
council  of  the  American  Academy  of  Arts  and  Sciences.  He 
is  a  member  of  the  Society  of  U.  S.  Naval  Engineers,  the 
American  Society  of  Naval  Architects  and  Marine  Engineers, 
the  Society  for  the  Promotion  of  Engineering  Education,  and 
the  Massachusetts  Military  Historical  Society.  He  has  con- 
tributed many  articles  to  engineering  and  naval  journals,  and 
in  intervals  of  leisure  he  wrote  the  "History  of  the  Frigate 
Constitution." 


COMMERCIAL  ENGINEERING.  By  Alfred  J.  Liversedge. 
Published  bv  Emmot  &  Co.,  Ltd.,  Manchester  and  London, 
Eng.  Cloth";  369  pages.  6x8 V4  in,;  tables;  Indexed.  Price, 
7s.   6d.      ($1.87)    net. 

The  book  reproduces  a  series  of  articles  which  appeared 
in  the  "Mechanical  World"  and  is  intended  to  fill  the  gap 
between  college  or  apprenticeship  and  active  responsible  par- 
ticipation in  business.  It  was  written  by  a  general  manager, 
thoroughly  familiar  with  his  subject  and  covers  a  wide  field 
dealing  with  materials.  labor,  facilities,  productions,  markets, 
tariffs:  weights,  measures  and  values  in  all  countries:  con- 
tracts, organization  and  legislation.  Particular  attention  Is 
given  to  the  world's  markets.  The  book  gives  a  groat  deal 
of  Information  in  condensed  form  that  would  not  be  readily 
available,  and  besides  helping  the  man  breaking  In.  It  should 
be   valuable    to   the   engineering    man    of    business 
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Advantages  of  the  Steam  Turbine 


By  John  S.  Leese 


.sr.Y0P<S75 — A  few  of  the  advantages  of  the  steam  tur- 
hine  over  the  reciprocating  engine. 

The  differences  in  economy  and  general  efficiency  of 
turbines  and  reciprocating  steam  sets  are  of  interest.  In 
steam  turbines  are  no  rapid  changes  in  direction  of  the 
moving  parts  or  in  stress  resulting  therefrom,  thereby 
minimizing  likelihood  of  failure  from  mechanical  and 
structural  defects. 

The  steady  rotation  of  the  turbine  shaft  reduces  shaft- 
ing and  transmission  troubles  and  is  more  adaptable  for 
driving  electric  generators  and  textile  mills  than  the 
comparatively  uneven  torque  obtained  with  belt-driven  re- 
ciprocating sets. 

The  cos:  of  operating  steam  turbines,  properly  in- 
stalled, designed  and  operated,  is  considerably  less  than 
that  of  reciprocating  units,  above  a  certain  horsepower. 
This  may  be  disputed  from  evidence  to  the  contrary  where 
reciprocating  engines  have  shown  more  favorable  results, 
but  where  the  two  tj^es  can  be  compared  on  the  same 
basis,  the  turbine  will  make  the  better  showing.  The 
first  cost  is  also  less  than  that  of  a  reciprocating  engine 
for  any  sizes  above  1000  kw.  capacit}'. 

The  f rictional  load  is  less  and,  therefore,  the  mechani- 
cal efficiency  higher.  The  f rictional  losses  may  be  as 
much  as  20  per  cent,  of  the  indicated  horsepower  of  a 
reciprocating  engine.  Moreover,  the  turbine  has  almost 
no  loss  by  condensation,  as  the  stator  casing  and  the 
rotor  are  kept  at  practically  the  temperature  of  the  steam 
at  its  corresponding  pressure  throughout  the  range  of  ex- 
pansion, owing  to  its  continuous  passage,  and  radiation 
is  the  only  means  of  heat  loss  which  would  produce  iu- 
•ternal  cooling. 

The  benefits  from  using  superheated  steam  are  not  the 
same  in  the  turbine  and  reciprocating  engine,  although 
thev  are  considerable  in  both.  The  inerea.*ed  economy 
of  the  reciprocating  engine  using  superheated  steam  is 


because  of  reduced  initial  condensation  and  valve  leak- 
age. The  turbine  benefits  by  the  reduced  frictional  re- 
sistance offered  to  the  rotor  by  the  drier  steam,  in  addi- 
tion to  the  reduction  of  steam  leakage  past  the  blades. 

Using  superheated  steam  with  a  reciprocating  engine 
is  not  always  advisable,  but  turbines  have  no  parts  to  be 
damaged  by  lubrication  failures  or  by  increased  surface 
friction  from  undue  expansion.  Any  unequal  expansion 
occurring  in  a  turbine  running  at  high  speeds,  however, 
may  throw  the  rotor  out  of  balance  or  strip  blading. 

As  a  turbine  requires  no  internal  lubrication  the  con- 
densed exhaust  steam  can  be  used  as  feed  water. 

The  efficient  operation  of  a  condensing  plant  is  en- 
couraged more  by  turbines  than  by  reciprocating  engines, 
since  the  economies  obtainable  from  "that  last  inch  of 
vacuum"  are  considerably  increased  in  turbine  plants. 
Little  is  to  be  gained  by  striving  for  a  better  vacuum 
than  26  in.  in  a  reciprocating  plant,  but  the  difference 
between  the  efficiencies  at  26  and  28  in.,  and  higher,  with 
a  turbine  are  worth  attaining. 

The  disadvantages  of  the  turbine  compared  with  its 
reciprocating  rival  are  few.  Although  the  steam  con- 
sumption per  horsepower-hour  is  less  than  in  a  recipro- 
cating engine  so  long  as  high  speeds  are  maintained,  it 
is  considerably  greater  at  low  speeds.  Reliable  means  of 
indicating  a  steam  turbine  are  not  available,  but  the 
developed  horsepower  may  be  approximately  figured  from 
the  switchboard  readings. 

The  introduction  of  the  low-pressure  and  mixed-pres- 
sure turbines  has  attracted  attention  on  account  of  the 
efficiencies  and  economies  they  have  shown  when  ap- 
plied to  the  exhaust  of  reciprocating  engines.  The  mixed- 
pressure  turbine  is  an  exhaust -steam  turbine  with  a  high- 
pressure  stage,  to  which  live  steam  may  be  admitted, 
either  to  maintain  the  speed  when  the  supply  of  low- 
pressure  steam  is  insufficient  or  when  it  is  absent  alto- 
gether. 


NEW     EQUIPMENT 


ATLANTIC    COAST    STATES 

Plans  are  being  prepared  for  the  construction  of  a  water- 
works system  at  Groveland,   Mass.      Estimated  cost,   $40,000. 

The  -Andrew  Terry  Co.  is  preparing  plans  for  the  con- 
struction of  a  power  plant  in  connection  with  its  establish- 
ment at  Terryville,   Conn. 

Plans  are  being  considered  by  the  International  Brewing 
Co.  for  the  construction  of  a  boiler  house  in  connection  "with 
its  plant  at  Niagara  and  Albany  Sts.,   Buffalo,  N.  Y. 

The  Consolidated  Gas  &  Electric  Co.,  Baltimore.  Md..  will 
construct  an  addition  to  its  boiler  house  at  W'estport,    Md. 

SOrTHERX    STATES 

Plans  are  being  considered  by  the  Raeford  Co.  for  the 
construction   of  an   electric-light  plant  at  Rockfish.  X.   C. 

The  Tidewater  Power  Co.  is  preparing  to  construct  a  sub- 
station at  Winter  Park.  V\'ilmington,  N.  C.  A,  B.  Skelding, 
Wilmington,  is  general  manager. 

Preliminary  arrangements  are  being  made  by  the  V\^ood- 
land  Electric  Light  &  Power  Co.  for  the  construction  of  an 
electric-power  plant  at  Woodland,  N.  C.  E.  G.  Griffin  and  C. 
J.  Parker  are  interested. 

An  election  will  be  held  at  Guyton,  Ga.,  on  Apr.  15.  to 
vote  on  the  proposition  to  issue  $15,000  in  bonds  for  the  in- 
stallation of  an  electric-light  plant  and  water-works   system. 

The  Columbus  Power  Co.  contemplates  the  construction 
of  a  substation  and  distributing  svstem  at  La  Grange,  Ga. 
Estimated  cost,  $35,000.     J.  S.  Bleeker,  Columbus,  is  manager. 


The  Ware  County  Light  &  Power  Co.  contemplates  an 
expenditure  of  $50,000,  for  the  installation  of  new  equipment 
in  its  power  plant  at  Waycross.  Ga.  J.  Wright  Reeve,  Way- 
cross,    is   manager   and   superintendent. 

Bonds  to  the  amount  of  $7000  have  been  voted  for  the  con- 
struction  of  a  water-works  s.vstem  at  Fort  Myers.   Fla. 

The  citizens  of  Hurtsboro.  .\la..  at  a  recent  election  voted 
bonds  for  $i4,000  for  municipal  improvements,  including  the 
instailation  of  an  electric-light  plant. 

The  proposition  to  issue  $50,000  in  bonds  for  the  con- 
struction of  a  municipal  electric-light  plant  and  water  system 
at    Henderson,    Tenn.,    is    under    consideration. 

Elmer  Northcutt,  of  Chicago,  111.,  has  applied  to  the  city 
council  of  Irvine.  Ky..  to  construct  and  operate  an  electric- 
light  plant  and  water  system  at  that  place. 

The  municipal  electric-light  plant  at  Midway.  Ky..  has 
been  purchased  by  the  Kentucky  Utilities  Co.,  of  Lexington. 
Ky.  Extensive  improvements  and  extensions  are  planned  by 
the  new  owners. 

CEXTR.\L    ST.\TES 

The  Petersburg  Electric  Light  &  Power  Co.  has  been 
granted  a  franchise  to  construct  and  operate  an  electric- 
light  plant  at  Loogootee,  Ind.  George  E.  King,  Petersburg, 
Ind.,   is  manager. 

Bids  will  soon  be  received  by  Gardner  S.  Williams,  con- 
sulting engineer,  Ann  Arbor.  Mich.,  for  the  construction  of 
a  power  plant  and  dam  for  the  Eastern  Michigan  Edison  Co., 
at  Belleville,  Mich.     Estimated  cost,   $450,000. 

Plans  are  being  prepared  by  B.  K.  Goodman,  chief  engi- 
neer of  Reading,  Mich.,  for  the  installation  of  new  power- 
plant  equipment,  including  boilers,  engine  and  generator 
for  the  local  electric-light  plant. 

The  V\'estern  United  Gas  &  Electric  Co.  is  preparing  plans 
for  the  installation  of  additional  equipment  in  its  power  plant 
at    Aurora,    111. 
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Condensing   Equipment   of  Lake  Shore  Plant 


By  a.  I).  WiLi.iA.Ms 


iSyNOFSLS — A  general  description  of  the  Lake  Shore 
ptant  of  the  Cleveland  Electric  Illuminating  Co.  ap- 
peared in  the  Mar.  IS  issue.  The  present  article  deals 
with  the  intahe  and  discharge  conduits  and  basins,  the 
.surface  condensers  and  the  condenser  au.viliaries. 

The  base  coudeusers  in  the  Lake  Shore  jDlaiit  are  of  tlie 
two-pass  type,  the  exhaust  from  the  turbines  flowing  into 
them  through  free  annular  openings.  The  vapor  and  con- 
densate botli  flow  downward,  the  condensate  collecting  in 
a  well  from  which  it  is  drawn  off  and  pumped  to  the 
feed-water  heaters  by  a  volute  pump.  The  air  or  dry- 
vacuum  pump  suction  is  located  clcse  to  the  tubes  of  the 


together  at  the  top.  The  section  of  the  basin  immediately 
alongside  of  the  building  forms  the  intake  forebav 
from  which  the  cooling  water  is  drawn.  The  discharge 
pipes,  in  pairs,  pass  under  this  forebay  and,  rising  close 
to  the  surface,  discharge  into  the  outer  basin.  Connect- 
ing gates  are  placed  at  the  west  end  of  the  outer  basin 
so  that  the  warmer  water  from  the  condensers  can  be 
discharged  into  the  intake  forebay  to  prevent  the  forma- 
tion of  ice  in  extremely  cold  weather. 

Each  intake  is  provided  with  four  screens,  arranged  in 
two  sets,  each  set  consisting  of  two  screens  in  series,  so 
that  any  screen  may  be  raised  for  cleaning  without  in- 
terrupting the  flow  of  water  to  the  condensers.     In  ad- 


FiG.  1 .  Dry  Vacuum  axd  Ciecdlating  Pump  fok  ITnit  No.  1 


first  or  coldest  water  pass  in  order  to  avoid  the  u:^e  of  a 
precooler  for  reducing  the  density. 

Lake  Erie,  which  furnishes  the  circulating-water  sup- 
ph',  is  subject  to  very  slight  fluctuations  in  level  and 
whatever  current  there  is  has  a  slight  set  towaid  the 
east,  except  when  infrequent  easterly  storms  set  up  sur- 
face currents  flowing  toward  the  west.  To  separate  the 
intake  and  discharge  water,  an  intake  channel,  formed  by 
two  parallel  moles  of  concrete,  has  been  built  out  into 
the  lake  at  the  west  end  of  the  plant.  These  are  of  ex- 
tremely heavy  construction  and  the  entrance  to  the  chan- 
nel is  obstructed  by  piling  to  prevent  blocking  of  the 
channel  b}'  the  heavy  ice  flows  in  the  spring.  The  pier 
on  the  east  side  of  the  channel  has  a  right-angled  turn, 
parallel  with  the  front  of  the  building,  and  forming  a 
basin  divided  in  two  seetious  by  a  wall  of  sheet  piling  tied 


dition  there  is  a  gate  frame  at  the  mouth  of  the  conduit 
so  that  it  can  be  closed  ofl:  and  pumped  out,  if  necessary 
for  cleaning  or  inspection.  The  mouth  of  the  discharge 
can  be  closed  by  stop  logs  or  needles,  when  necessary. 

The  intake  and  discharge  conduits  are  5  ft.  in  diam- 
eter and  of  reinforced  concrete.  The  intake  is  above 
the  discharge  for  the  same  unit  and  the  conduits  for  each 
group  of  two  units  are  run  in  the  same  trench.  Inside 
the  building  the  discharge  conduits  turn  out  and  up,  as 
shown  in  the  plan,  forming  the  discharge  well.  The  in- 
take conduits  continue  to  the  other  side  of  the  base- 
ment, where  they  turn  to  Join  the  intake  well.  The  bot- 
toms of  these  wells  are  16  ft.  below  the  level  of  the  lake 
and  the  circulating  pump-suction  pipes  are  submerged  '> 
ft.,  the  discharge  draft  tubes  having  the  same  depth. 

In  each,  case  the  dry-vacuum  and  the  circulating  pump.-> 


April  15,  1913 


P  0  W  E  E 


517 


have  been  combined  in  a  single  Corliss  engine-driven 
unit.  The  load  on  the  circulating  pump  is  confined  to 
the  friction  head  of  the  cooling-water  piping  and  the 
])ower  required  to  maintain  the  column  of  water  in  mo- 
tion. The  starting  head,  however,  corresponding  to  the 
]iower  required  to  set  the  column  of  water  in  motion,  is 
considerable  and  this  occurs  when  the  load  on  the  drv- 


COXDEXSIXG   DATA 


Wheplor 

Alborger 

nits  Xos. 

Units  Nos 

1  and  2 

3  and  4 

9000 

14.000 

21.5 

21.5 

28  00 

2S,60 

0  980 

0.6S6 

70,00 

60.00 

10,000 

25.000 

140.000 


1.5  59 


24.000 

200.169 

85.80 

65-110 


16  0 


10. 00 

1.85 
1.15 
2.73 


,300 

1.50.000 

2.000 


30x18 
16x18 

rs  to  no 


5620 


224.000 


450 


30,000 
250,000 

67.47 
100-150 

5.00 


Rated  capacity  of  generating  units,  kv.-a 

Steam  pressure,  lb.  per  sq.in 

Condensers — nominal  vacuum  in  inches  of  mercury .  . 

Pressure,  lb.  per  sq.in 

Circulating    water — initial    temperature  deg.  F.    .  .  . 
Square  feet  of  cooling  surface,  per  condenser    , 
Square  feet  of  cooling  surface  per  kv.-a. . .  . 

Number  of  1-in.  tubes  in  condenser 

Nominal  rapacity  of  condenser, 

Pounds  of  steam  per  hour 

Pounds  of  steam  per  square  foot  of  cooling  surface 
per  hour 

Pounds  Steam  per  hour  per  kv.-a 

Number  of  water  passes  in  condenser 

Velocity  of  cooling  water  in  tubes,  ft.  per  min.  ..... 

Cooling    water   pumps — double-suction,    single-stage 

Diameter  of  discharge,  inches 

Nominal  capacity,  gal.  per  min .... 

Pounds  of  water  per  minute 

Pounds  of  water  per  pound  of  steam 

Speed  of  cooling  water  pump,  r.p.m 

Circnlating  water  intake  and  discharge 

Diameter  of  coflduit.  ft 

Bottom  of  intake  and  discharge  pipes  below  normal 
lake  level  ,ft 

Bottom  of  suction  and  discharge  wells  below  nor- 
mal lake  level  ft 

Submergence,  suction  and  discharge  pipes,  normal 
lake  level,  ft.... 

Height  of  center  line  of  cooling  water  pump  above 
normal  lake  level,  ft 

^'a^iations  in  lake  level — 

Above  normal,  ft 

Below  normal,  ft 

-Approximate  velocity  of  flow  in  conduits,  ft.  per  sec. 
Hotwell  pumps — centrifugal,  single-stage 

.Suction,  diameter  inches 

Discharge,  diameter,  inches 

Capacity,  gal.  per  min 

Pound  of  condensate  per  hr 

.Speed,  r.p.m 

Motors.  Terrj-  steam  turbines. 
Dry  vacuum  pumps — single-stage  with  flash  ports — 

Air  cylinder,  in. .    

Steam  cylinder,  in 

Speed,  r.p.m 

The  condenser  for  unit  No.  5  is  similar  to  those  for  units  Xos.  3  and  4 

vacuum  pump  is  at  a  minimum;  hence,  considerable  econ- 
omy results  from  combining  the  two  in  one  unit.  The 
circulating  pump  is  of  the  single-stage  type  with  double- 
.■^iiction  pipes,  its  center  line  being  about  16  ft.  above  the 
normal  level  of  the  lake  and  about  81/^  ft.  above  the  cen- 
ter of  the  condenser,  to  which  it  is  connected  by  a  spe- 
riai    oll'sct    liciid.      This   arrangement    nl'    piping   ])crmi1^ 


3.40 


34x24 

20x24 

100  to  1.50 


all  of  the  auxiliary  apparatus,  except  the  condensate 
pump,  to  be  located  upon  the  main  floor  of  the  turbine 
room.  At  the  same  time  it  slightly  increases  the  suction 
lift  in  .starting  and  the  friction  head  in  operating. 

The  .suction  pipe  of  the  air  cylinder  connects  with  the 
coolest  portion  of  the  condenser  and  forms  a  large  radius 


Fig. 
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bend  to  the  top  of  the  cylinder.  These  pipes  are  of  large 
size  to  minimize  friction  losses,  and  the  exhaust  is  car- 
ried into  the  free  exhaust  line  just  outside  of  the  back- 
]iressure  valve.  Flash  ports  are  provided  for  equalizing 
the  pressure  in  both  ends  of  the  cylinder  at  the  com- 
mencement of  each  stroke  and  the  ends  and  barrel  of  the 
cylinder  are  water  Jacketed. 

The  hotwell  pumps  are  placed  in  pits  below  the  level  of 
the  basement  floor.  They  are  connected  to  the  hotwell  In- 
large  suction  pipes  and  the  highest  point  in  their  casing 
is  vented  i)ack  to  the  condenser  to  prevent  their  becoming 
vapor  bound.  The  di.scharge  is  piped  to  the  feed-water 
heaters  from  which  it  is  drawn  by  the  boiler-feed  ]nimps. 
These  pumps  are  single-stage  centrifugals  driven  by  small 
steam  turbines.  The  exhaust  steam  from  the  condensing 
eqtiipment,  together  with  tbat  from  all  of  the  other 
auxiliaries  is  delivered  to  ihc  I'l'cd-watcr  heaters. 

Each  unit  is  provided  willi  a  free  exhaust  back-]ires- 
sure  valve  and  an  independent  atmosi)lu'iic  exhaust  line. 
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Stresses   in    Unsymmetrical    Boiler  Joints 


SYNOPSES — Account  of  an  experimentat  invefitigatioH 
of  the  abore  subject,  conclusions  of  which  were  that  the 
maximunt  fiber  sti-esses  may  be  two  to  four  times  those 
Jor  which  the  joint  was  designed,  that  most  joint  fail- 
vres  are  due  to  unsymmetrical  design,  that  boiler  parts 
subject  to  bending  action  particularly  should  be  inspected 
for  incipient  cracks  and  that  pitting  should  be  watched 
xuf  likely  to  start  crawls. 

A  paper  of  interest  to  all  concerned  with  the  fjuestiou 
v)f  the  failure  of  lap  boiler  joints,  in  the  manner  com- 
monly known  as  ""lap-joint  cracks,"  was  presented  to  the 
Engineering  Association  of  Xew  South  Wales,  by  S.  H. 
ilanaclongh  and  A.  J.  Gibson. 

The  paper  is  in  two  parts:  The  first  deals  with  the 
explosion  of  two  locomotive  boilers  constrticted  with  lap 
joints,  discussing  the  theory  of  the  action  of  a  lap  joint 
under  pressure  and  the  probable  cause  of  the  formation 
of  the  so  called,  lap-joint  cracks.  The  second  part  re- 
counts an  extended  series  of  tests  which  show  the  actual 
maximum  fiber  stress  as  determined  by  measurement 
of  the  strains  in  the  plate  adjacent  to  the  joints. 

One  of  the  explosions  consisted  of  the  upturning  of 
the  outer  side  plate  of  the  furnace  of  the  locomotive 
Iwiler,  constructed  with  a  separate  sheet  to  form  the 
Avagon  top,  instead  of  a  continuotis  wrapper  sheet.  The 
side  sheets  were  lapped  outside  of  and  joined  to  the  top 
sheet  by  double-riveted  lap  joints.  The  fracture  started 
from  the  inner  surface  of  the  side  sheet  and  closely  fol- 
lowed the  edge  of  the  top  sheet,  working  its  way  toward 
the  outer  surface  until  the  sheet  was  so  weakened  that 
it  upturned  under  the  usual  pressure,  140  lb. 

The  fractured  joint  was  at,  relatively,  a  short  dis- 
tance above  the  stay-bolted  surface.  This  fracture  was 
40  in.  long  and  extremely  straight.  At  each  end  of  it, 
near  the  head  and  barrel  joints,  were  numerous  small 
cracks  and  to  open  them  for  examination  the  sheet  was 
bent  down  at  the  corners  with  hydraulic  pressure.  A 
close  examination  before  bending,  indicated  that  they 
were  small  cracks  and  groovings.  Some  appeared  as 
i^hallow  grooves — about  ^  in.  deep  and  ^^  in.  wide,  and 
had  the  appearance  of  marks  made  Ijy  a  blunt  chisel  but 
in  no  way  resembling  serious  cracks.  Bending  the  plate 
back,  however,  showed  a  crack  at  the  bottom  of  these 
grooves  which  extended  about  one-third  through  the 
plate.  A  microscopic  examination  indicated  that  all  the 
cracks  originated  as  grooves  with  well  rounded  edges  and 
at  the  bottom  of  the  grooves  were  fine  hairline  cracks. 

Fig.  1  shows  how  the  cracks  are  supposed  to  develop. 
The  fractured  plate  was  of  low  moor  iron  j%  in.  thick 
and  results  of  physical  tests  of  seven  different  samples 
taken  from  various  parts  of  the  plate  averaged  49,658 
lb.  per  sq.in.  tensile  strength,  w^th  a  27.1  per  cent,  re- 
duction in  area  at  the  fracture  and  16.1  per  cent,  elonga- 
tion in  8  m.  These  figures  represent  good  average  qual- 
ity and  normal  ductility  for  this  material. 

Bending  and  twisting  tests  showed  that  the  grain  of  the 
material  ran  at  right  angles  to  the  joint  line,  as  it  should. 
Having,  practically,  eliminated,  by  these  tests,  the  quality 
of  the  material  as  "a  factor  in  producing  the  cracks,  it 
was  observed  that  such  cracks  occur  only  at  joints  where 
the  surface  strains  are  very  variable  and  abnormally  high. 


It  is  shown  by  a  method  of  movements  that  in  a  riveted 
joint,  formed  by  lapping  two  plates  of  equal  thickness, 
when  it  is  subjected  to  a  straight  pull  tending  to  sep- 
arate them  at  the  joint,  the  maximum  fiber  stress  along 
the  two  surfaces  in  contact  will  rise  to  a  point  where  it 
equals  four  times  the  stress  produced  by  the  direct  pull 
on  the  plate.  Also,  the  opposite  surface  may  have  a 
compressive  stress,  in  the  vicinity  of  the  joint,  of  twice 
the  amount  of  the  direct  pull. 

These  conclusions  were  verified  by  tests  described  in 
the  second  part  of  the  paper.  It  is  pointed  out  that  this 
maximum  stress  cannot  occur  along  the  part  of  the  joint 
directly  between  the  rivet  holes,  which  constitutes  the 
net  section  of  the  plate  and  is  the  section  always  used 
as  a  basis  for  determining  the  strength  of  the  joint  as 
far  as  the  plate  is  concerned.  It  is  also  noted  that  the 
particular  form  of  the  joined  ends  of  the  plates,  with 
respect  to  the  true  cylindrical  shape  of  which  they  are 
assumed  to  form  a  part,  will  have  a  material  bearing  on 
the  maximum  surface  stress  that  may  be  produced  in  the 
plates. 

Examination  of  the  corresponding  joint  on  the  other 
side  of  the  boiler  seemed  to  indicate  the  possibility  of 
a  pitting  action  or  fracture  at  one  point  in  its  length 
and  the  rivets   were  removed  and   the  plates  separated. 

Crack  Starfina 


T 


Subsequetrh 
Corrosion 


Fig.  1.  How  Cracks  Grow 


The  surface  which  had  been  covered  by  the  lap  of  the 
other  plate  indicated  some  slight  pitting  or  grooving 
along  the  line  that  had  been  occupied  Ijy  the  edge  of 'the 
underlapping  plate,  but  nothing  that  would  suggest  that 
the  plate  was  not  as  good  as  new. 

Subsequently,  the  entire  plate  was  removed  from  the 
boiler  and  the  part  which  had  formed  the  joint  was 
placed  under  a  hydraulic  press  to  develop  any  incipient 
cracks  that  might  not  have  become  visible.  This  showed 
that  the  plate  was  cracked  almost  its  entire  length  and, 
practically,  through  to  its  outer  surface,  similar  to  the 
.-heet  which  had  caused  the  explosion. 

The  second  exploded  boiler  was  of  steel  plate  %  in. 
thick.  The  fracture  followed  the  line  of  rivet  holes.  It 
was  along  one  of  the  seams  of  a  barrel  course  and  oc- 
curred in  the  underlapping  plate,  the  one  to  which  the 
lioiler  dome  was  attached.  Physical  tests  of  two  pieces 
of  this  plate,  taken  from  near  the  rupture  and  at  right 
angles  to  each  other,  showed  an  average  tensile  strength 
of  62,426  lb.  per  sq.in.  and  contracted  in  area  48.2  per 
cent,  and  elongated  before  fracture  to  24.2  per  cent,  in 
a   length   of   8   in. 

The  fractured  plate  showed  that  most  of  the  holes  had 
been  punched  full  size  and  numerotis  small  cracks  were 
observed  around  the  rivet  holes ;  these  being  attributed  to 
injury  done  the  metal  in  punching  the  holes,  as  no  de- 
fect was  shown  in  the  quality  of  the  material  by  the 
physical  test.    It  is  pointed  out.  that,  no  matter  whether 
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it  is  tliu  uiiderlyiiig  or  overlapping  plate  which  cracks,  the 
fractures  always  commence  on  the  surface  whose  fibers 
are  subjected  to  the  highest  tensile  stress  and  tliey  work 
toward  the  surface  of  compression  or  low  tensile  stress. 
If  the  conclusions  regarding  the  formation  of  lap  cracks 
due  to  high  surface  tension  along  certain  lines  parallel 
to  the  joint,  are  correct,  it  is  pointed  out  that  simibii- 
unusual  stresses  will  be  developed  in  other  ])arts  of  a 
boiler  where  the  form  tends  to  produce  unsymmetrical 
loading  of  the  parts.  Such  parts  are  dished  heads,  and 
]iarts  of  the  shell  adjacent  to  reenforcements  similar  to 
those  used  around  manhole  openings  or  for  the  attach- 
ment of  valves  or  other  fittings. 

The  general  conclusions  at  which  the  authors  arrived 
were  as  follows:  The  failure  in  each  case  was  duo. 
primarily,  to  the  high  surface  stress  which  is  character- 
istic of  all  places  lap-joint  cracks  occur.  Tlie  failures 
were  not  due  to  any  defect  in  the  quality  or  structure 
of  the  material  of  the  plate. 

High  proof-pressures  should  be  avoided  on  boilci's.  es- 
pecially old  ones,  since  they  only  tend  to  aggravate  the 
trouble. 

Much  valuable  information  might  be  obtained  by  a 
close  study  of  the  plates  in  the  neighborhood  of  riveted 
joints  when  old  boilers  are  being  broken  uj).  The  closest 
scrutiny  should  always  be  given  to  boilers  with  lap  joints, 
and,  especially,  to  their  joints.  N"o  susiiicious  signs  in 
la])  joints  should  ever  be  neglected  and  the  inlcriuil   in- 


§"p/vei^      fi\^^ 

< 

<  4"-»J 

f                    OO 

5 

Sl 

<-4"> 

'"                   B-^T^ 

W^k^^/j[<- 


oo 

oo 


il ^ 


■V- 


-4-6"- 


« 

t< 

1 

'-  ■■ 

-A 
^^ 

V 

2-6-" 

ooj 

ocn 

-■■^  FIH-edBoHc 

Fic.  2.   K\iM:r;iMi:Ni\i.   Lac  .loivrs 

■■i-tion  of  lap-joinlcd  boil,.i>.  >houbl  be  nimv  rrc<|nci]l 
Mil  when  fitted  wilb  butt  joints.  Above  all.  tbf  con- 
flusioii  is  thai  ri\ctc(l  lap  joints  should  not  be  employed 
under  any  (•iniinistaiices  in  boiler  coiistniction. 

Tk.sts  HiiowiNd   Mi:.\sn!i;Mi:NTs  of  Stumns  in 

i'.oil.i:!!    .loiNTs 

'I'lie  second  part  of  ibis  paper  describes  tbivc  s.'ries  of 
tests  of  lap  joints,  both  in  testing  nnichijies  and  in  actual 
construction,  wliere  an  internal  ])rc.ssure  is  used  to  pro- 
duce the  loading  of  the  joints.  For  the  macliiiie  tests. 
Ihroe  samples  were  made  up,  as  shown  in  Fig.  3.  and 
these  had  varying  loads  anniied  to  lliein  by  a  testing  ma- 
chine as  will  1.0  described  later. 


The  first  test  joint  was  made  up  of  straight  plates 
riveted  together.  The  second  had  the  plates  already  formed 
(adjacent  to  the  joint)  to  the  position  which  they  would 
tend  to  occupy  under  a  load  acting  to  pull  them  apart. 
The  third  test  piece  was  made  like' the  first,  except  that 
turned  bolts  were  fitted  in  the  holes  in  place  of  rivets.  One 
of  the  plates  forming  these  joints  was  wider  than  the 
other.  This  construction  was  used  so  that  the  joined  sur- 
face of  one  of  the  plates  might  be  available  for  measure- 
ments throughout  its  entire  length.  In  the  tests,  meas- 
urements were  made  of  the  extension  of  the  fibers  on  the 
surface  of  the  side  plates  along  the  test  lines  AA — A^A^ 
and  BE  and  B^B^.  Since  the  extension  of  these  fibers  is 
]iroportional  to  the  others  (within  the  elastic  limit)  sucli 
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Fig.  3.  Fig.  4 
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measurements  would  indicate  the  relative  stress  at  the 
different  joints  at  which  the  measurements  were  made 
for  the  various  loads  applied. 

The  measurements  of  the  surface  extension  along  the 
test  lines  were  made  with  a  JIartens  mirrcn-  exteusom- 
eter,  shown  in  Fig.  :5.  This  consists  of  a  bar  held  at  one 
end  of  a  fixed  joint  on  tbe  test  piece  and  with  the  other 
end  resting  on  a  prism  to  wliich  a  mirror  is  attached  and 
one  side  of  the  in-ism  also  I'ests  on  the  test  piece.  Any 
change  in  the  length  of  llie  siu-raee  oj'  tlie  lest  piece  be- 
tween the  two  points  ujion  which  tlie  bai-  and  prism  rest 
will  tend  to  rotate  the  prism  and,  Iberefore,  the  inin-or, 
and  measuring  of  the  angle  througb  wliieb  it  is  i-olated, 
indicates  the  relative  amount  of  extension.  To  prevent 
displacements  of  the  test  piece  as  a  whole  from  all'eeting 
Ibe  readings,  additional  inirvors  were  attached  ilircetlv 
lo  tbe  test  piece  in  line  with  llie  extensometer  mirror. 
as  shown   in    Fig.    I. 

Tbe  elimination  of  the  elVeet  of  all  inoMMiieiits  of  ihc 
siii'face  carrying  the  extensonieler.  oilier  than  its  elonga- 
tion under  strain,  was  dilheull  as  the  suifaee  of  llie 
plate  under  test  tended  to  roiale  in  the  vieinily  of  the 
joint,  ^\\\v  1o  tbe  bending  action  produced  by  Ibe  ebange 
of  form.  In  the  lirst  series  of  lesls.  Ibis  was  cared  for 
by  attaebiiig  a  mirroi-  so  as  lo  indieate  Ibe  amoiinl  of  ro- 
tation of  Ibe  sui-facc  upon  wliieb  the  prism  ol'  tbe  ex- 
tensometer rested. 

Headings  were  taken  at  seven  dillVrenl  positions  along 
the  test  lines  .4/1  and  HI',.  Vv^.  •> :  the  loads  on  the  te.st 
pieces  being  raised  from  i».".'  lo  :1  tons  by  increments  of 
f.v  ton  each.  Curxi's  were  drawn  from  the  n-siilts  ob- 
tained at  ciicb  test  joint   by  jjlotting  the  mirror  readings 
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aii'ainst  the  loads  producing  them.  In  each  test  the  maxi- 
nuini  load  was  applied  twice  at  readings  taken  at  the  vari- 
ous loads,  both  with  the  load  ascending  and  descending. 
Fig.  5  show's  a  complete  set  of  readings  for  one  test  point 
and  the  line  represents  the  average.  The  values,  repre- 
sented by  this  line  of  average,  were  used  instead  of  the 
individual  readings  as  an  aid  to  accuracy. 

From  a  set  of  diagrams  like  Fig.  5  (made  up  from  the 
tests  at  various  points  along  the  surface  of  the  test  piece ) 
values  were  selected  corresponding  to  a  load  of  three  tons 


'0125 
Load   Upon  +he  Joint  in  Tons 

Fig.  5 

and  a  strain  diagram,  as  shown  in  Fig.  6,  constructed. 
The  upper  part  of  this  curve  indicates,  by  its  relative 
distance  above  line  OA,  the  varying  strain  in  the  fiber 
along  the  surface  of  the  plate  at  AA,  and  the  line  parallel 
to  OA  passing,  through  C  indicates,  by  its  distance 
above  OA,  the  estimated  amount  of  strain  on  the  fibers. 
if  the  test  piece  had  only  been  subjected  to  a  direct  load 

The  extreme  fiber  shown  thus//,-////  is  in 
compression. /The  relative  posifion  of  the 
(  joint andthe  curve  is  correct 


The  vertical  sides  of  the  rectangles  dra»n  upon  the  base  represent 
fhedifference  between  thescaTe  readings  obtained  from  the  exten- 
someterdnd  fixed  mirrors  intheir  several  positions.  The  vertical 
ordinates  of  the  curve  are  proportional  to  the  actual  strain  in 
,^^,^  ihe  extreme  fiber 

Fig.  6.   Strain  Curves  fok  L.\p  Joint 

of  three  tons.  The  power  curve  indicating  a  compres- 
sive strain  on  the  opposite  side  of  the  plate  {BB)  has 
been  calculated  from  the  values  given  on  the  upper  curve 
by  considering  that  the  stress  in  both  surfaces  AA  and 
BB,  due  to  the  bending  action  alone,  must  be  equal  and 
opposite.      By   combining   the    cmpression    values   with 


those  calculated  for  a  direct  load  of  three  tons  the  stress 
along  the  surface  BB  is  found.  This  is  accomplished  by 
making  the  length  of  ordinates  above  and  below  the  hori- 
zontal line,  representing  the  strain  for  three  tons,  equal. 

Significant  and  interesting  is  it  that  the  indicated 
maximum  strain  in  a  lap  .joint,  as  shown  by  this  test, 
was  3.9  times  the  amount  produced  by  the  direct  pull 
and,  therefore,  agreed  remarkably  with  the  theoretical 
maximum  value  of  four  times  the  amount  of  this  pull  as 
determined  by  movements.  The  test  iiieee  with  the 
joined  ends  of  the  plates  already  bent  (see  Fig.  2),  was 
next  tested  similarly  and  the  maximum  fiber  stresses 
along  the  surfaces  were  found  to  be  materially  reduced 
below  those  developed  in  the  first  specimen  tested.  These 
stresses  "W'ere  never  double  those  produced  by  the  direct 
load.  The  curve  for  strains  in  this  test  specimen  is 
plotted   in   Fig.   7. 

It  will  be  seen  in  Fig.  7,  that  the  strain  curves  vary 
only  slightly  from  the  line  representing  tire  efliect  of  di- 
rect load  at  the  point  where  the  fractures  usually  occur. 
It  is  pointed  out,  that,  while  the  stresses  in  the  plate 
are  materially  reduced  by  thus  forming  the  joint,  the 
stresses  on  the  rivets  are  evidently  increased. 


The  vertical  ordinates  of  the  curves  are  proportional  in  the 
actual  strains  In  the  extreme  fibers  power 

Fig.  7.  Sthaix  Curvks  for  Joixt  with  Fok:med  Ends 

In  using  the  fixed  mirrors  to  eliminate  errors  caused 
liy  movement  of  the  test  piece  as  a  whole,  it  was  found 
that  the  amount  of  movement  indicated  by  these  mirrors 
depended  upon  the  position  which  they  occupied  with  re- 
spect to  the  riveted  joint,  and  an  investigation  showed 
that  the  extensometer  was  not  actually  needed  to  measure 
the  extension  along  the  surface,  for  a  series  of  fixed  mir- 
rors along  the  test  line  would  indicate  the  relative  amount 
tlie  surface  was  bent  at  the  various  test  points,  and  be  a 
measure  of  the  stresses  produced  by  the  bending  action. 
To  these  indications  could  be  added  the  calculated  stresses 
due  to  direct  loading  which  would  give  the  total  surface 
stress.  This  was  known  as  the  fixed-mirror  method  of 
testing. 

A  second  .series  of  tests  was  next  undertaken,  by  the 
fixed-mirror  method,  which  seemed  to  be  particularly 
adapted  for  use  on  the  shell  of  a  boiler,  because  the  foul-' 
ing  of  the  extensometer  mirror  on  the  shell  was  avoided. 
The  load  on  the  joints  was  produced  by  internal  pres- 
sure, as  it  is  actually.  A  Babcock  &  'Wilcox  drum,  with 
a  double-riveted  lap  seam,  was  used  as  one  of  the  sub- 
jects for  this  test  and  the  stresses  were  measured  along 
a  circumferential  line  crossing  the  joint  and  extending 
half  way  around  the  drum.  These  tests  indicated  that, 
for  this  joint,  the  maximum  surface  stress  at  the  seam 
was.  roughly,  twice  what  would  have  been  expected  from 
direct  loading  such  as  would  have  been  obtained  if  the 
drum  had  been  a  true  cylinder  without  joints. 
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The  drum  was  36  in.  in  diameter  and  made  up  of  three 
courses.  The  plate  was  i/^  in.  thick  and  the  girth  line, 
along  which  the  observations  were  taken,  was  in  the  cen- 
ter course  (an  inner  course)  and  15  in.  from  the  calking 
edge  of  the  nearest  girth  seam.  An  interesting  fact  was 
developed  by  taking  the  observations  over  such  a  long 
line  and  which  tended  to  confirm  the  accuracy  of  the 
observation.-.  Tlie  solid  plate  of  the  center  course  op- 
posite the  line  of  Joint  on  the  end  course  exhibited  under 
test  a  similar  variation  in  the  amount  of  stress  as  shown 
at  the  joints.  Xotwithstanding  the  distance  of  15  in. 
between  the  end  of  the  joint  of  the  end  course  and  the 
test  point  on  the  center  course,  the  effect  of  this  joint 
on  the  solid  plate  was  to  produce  a  maximum  stress  in 
the  plate  of,  practically,  one-half  the  amount  shown  at 
the  tested  joint.  The  location  of  the  test  line  with  respect 
to  the  joints  is  shown  in  Fig.  8. 

Since  the  fixed-mirror  method  of  testing  did  not  take 
account  of  the  total  stress,  but  necessitated  adding  the 
calculated  stress  produced  by  direct  loading,  a  third 
series  of  tests  was  made  using  a  modified  form  of  the 
Martens  mirror  extensometer. 

On  this  form  of  extensometer,  the  fixed  mirror  was  at- 
tached directly  to  the  extensometer  bar  and  the  exten- 
someter mirror  was  attached  to  its  actuating  prism  by 
n  link  which  brought  it  away  from  the  surface  of  the 
plate.  This  arrangement  eliminated  any  rotation  of  the 
fixed  mirror  due  to  disturbance  of  the  surface  of  the  test 
piece  and  also  prevented  the  fouling  of  the  extensometer 
mirror  again,st  the  shell  of  the  boiler.  The  bolted  speci- 
men, shown  in  Fig.  3,  was  tested  with  this  modified  form 
I  if  extensometer  and  simultaneous  readings  were  also 
laken  during  this  test  with  fixed  mirrors.  The  results 
were  plotted  for  both  plates  and  showed  remarkable  uni- 
formity between  those  obtained  bj'  the  two  different  meth- 
ods of  testing. 

Testing  riveted  joints  in  this  manner  naturally  sug- 
gested tests  of  other  parts  of  boilers,  such  as  ditched  heads. 
Tests  of  this  kind  indicated  that  the  maximum  stress  on 
the  inner  surface  of  a  bumped  head  is  along  the  turn 
nf  the  flange  at  the  point  where  grooving  is  most  likely 
to  develop.  The  actual  mea.surements  in  all  cases  during 
these  tests  were  of  stress  and  the  assumption  was  made 
that  the  stress  was  proportional  to  the  strain.  Al.so,  that 
the  modulus  of  elasticity  is  taken  at  20,000,000  lb.  per 
xj.in.     In  boilers  under  pressure,  the  material  is  strained 


m  two  directions  at  right  angles  to  each  other  and,  under 
these  conditions,  the  modulus  of  elasticity  may  change. 

The  authors'  general  conclusions  are: 

That  in  an  ordinary  straight-plate  lap  joint  the  maxi- 
mum fiber  stresses  may  amount  to  about  four  times  the 
stress  for  which  the  joint  is  actually  designed.  In  lap 
joints  in  boilers,  owing  probably  to  the  stiffening  effect 
of  contiguous  parts  of  the  boiler,  the  extreme  fiber  stress 
may  amount  to  about  twice  the  stress  for  which  the  boiler 
is  designed. 

That  "typical  lap-joint  failures,"  as  the  result  of  the 
extreme  stress  conditions  present  in  this  tj-pe  of  joint, 
are  due  to  the  want  of  symmetry  in  the  design. 
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END  VIEW  SHOWING  MANHOLE  SECTION    *,-B 

Fig.  8.  Boiler  Drum    (B.  &  W.  Type) 

That  in  the  inspection  of  boilers  particular  attention 
should  be  paid  to  those  parts  where  it  is  known  that  bend- 
ing actions  can  occur  and  that  these  parts  should  be  mo^'; 
carefully  examined  for  incipient  pitting  and  surface 
cracks. 

That  where  pitting  has  been  noticed,  its  progress  should 
be  very  carefully  watched  and  should  it  exist  as  a  line 
of  pit  marks  for  any  considerable  distance,  the  examina- 
tion should  be  most  particular  a.s  the  cracks  run  from 
one  pit  hole  to  another  and  the  condition  of  the  shell 
may  be  such  as  to  be  dangerous. 
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SYNOPSIS — Number    of    men    employed,    wages    and 
iiiflthods  of  worhhiq  in  Brazilian  power  plants. 

Within  the  limits  of  the  two  principal  cities  of  the 
Amazon  River  valley.  Para  and  Manos,  the  same  wages 
prevail.  Within  these  boundaries,  the  rates  given  in  the 
accompanying  table  ap])ly.  If  the  work  is  outside  of 
the.se  cities,  then  fraveling,  living  and  medical  expenses 
are  added.  Many  times  an  increased  rate  of  wage  is  also 
asked  in  connection  with  ontsido  work. 

Within  each  of  these  two  cities,  there  is  an  electric-light 
and  railway  plant,  port  works,  water-works,  gas  works, 


rojic  works,  sawmills  and  a  brewery.  All  of  these  em- 
|iloy  some  one  or  more  of  the  classes  of  help  here  enumer- 
ated, and  the  rates  hold  good  in  any  of  these  industries. 
The  men  are  all  natives  and  give  good  service  if  properly 
trained.  They  like  to  excel  and  are  anxious  to  learn  any 
trade  connected  with  engineering.  They  are  good  imi- 
tators but  poor  originators,  so  that  the  heads  of  depart- 
ments are  generally  European.  The  accom'jianying  photo- 
graphs show  some  native  power-house  assistants  in  Para, 
Brazil. 

In  the  table,  native  Portugese  names  of  positions  and 
the  English  equivalent  arc  given,  and  the  rates  are  also 
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given  in  Brazilian  and  American  denominations.  A  reis 
is  the  smallest  Brazilian  currency.  One  thousand  reis 
or  one  milreis  is  at  the  present  time  equal  to  $0,314 
American  money.  The  following  comjiarative  rates  are 
figured  at  this  ratio.  The  method  of  setting  down  the 
sums  should   be  noticed.     One  milreis   =    1$000.     One 

WAGE  RATES  IN  THE  AMAZON  VALLEY  CITIES 

Hours  Pay  iu  Pay  in 

per  Brazilian  American 

Positions  Day  Money  Money 

Machinistas.  engineers 12  425S000  S133  a  month 

Premeira    ferrarlheiro,   first   assist. 

engineer 12  525S000  SUio  a  montli 

Electricistas,     switchboard    atten- 
dants, electricians 12  10$000  S3.14adav 

Foginistas.  firemen S  7$300  S2.36  a  day 

Lubrificadores.  cleaners 12  4SO0O  $1.26  a  day 

Comedor  d'agua,  water  tenders.. .  .  S  8S00O  S2.ol  a  day 

Can-oliros,  coal  passers S  160S0OO  $30  a  month 

Premeira    classe    ferralheiros.    ma- 
chinists first-class 10  42SS000  $133  a  month 

Segund  classe.  second-class 10  400  to  1$000  13  to  31c.  an  hour 

Helpers 200  reis  6c.  an  hour 

Carpenteiros,  carjwnters 10  700  to  800  reis  22  to  25c.  an  hour 

Pedreios.  masons 10  400  to  800  reis  13  to  25c.  an  hour 

Ferreios,  blacksmiths 10  400  to  800  reis  13  to  23c.  an  hour 

Internos,  helpers 10  200  to  600  reis  6  to  19c.  an  hour 

Premeira  interno.  foreman 10  160S000  S50  a  month 

Vigias,  watchmen 12  160SOOO  $30  a  month 

.\pontador.  time-keeper 12  200$00O  $63  a  month 

Electricistas,  lamp  trimmers,  wire- 
men,  repair  men 12  400  to  700  reis  13  to  22c.  an  hour 

hundred  milreis  =  100$000.  The  dollar  sign  (•$)  is 
always  placed  at  the  left  of  three  figures. 

Since  the  United  States'  demonstration  of  the  efficacy 
of  sanitation  at  Panama,  all  the  cities  in  the  tropics  have 
copied  the  same  methods.  The  result  is  that  European 
people  or  Americans  can  live  here  if  they  take  reasonable 
care  of  themselves.  It  may  interest  some  to  know  the 
salaries  paid  to  heads  of  departments.  The  salary  gen- 
erally includes  trans])ortatioii  to  and  from  quarters,  medi- 


Grocp  of  Fieemex  in  I'aka.  Brazil 

cal  attendance,  vacation  with  pay,  and  table  board.  In 
some  instances  the  table  board  is  not  included.  In  this 
event,  the  men  club  together  and  live  in  staff  houses. 

General  Manager  of  Railway  &  Lighting  Co $9,000  a  vear 

Chief  Engineer 6.000  a  year 

Master  Mechanic ,    6,000  a  year 

Superintendent  of  Transportation  .   4,800  a  year 

Superintendent  of  Lines 4,800  a  year 

On    the    Amazon    River    there    is    an    e\er    increasing 
traffic  employing  marine  engineers  and  pilots,  all  of  the 


latter  being  natives.  Most  of  the  chief  engineers  are 
licensed  by  the  government.  Engineers  are  graded  first, 
second  and  third  class.  Applicants  must  go  to  Rio  de 
Janeiro  to  be  examined  for  a  first-class  license;  to  Para 
for  a  second-class  license ;  and  to  Mauos  for  a  third- 
class  license.  A  fee  of  200,  150  and  100  milreis,  re- 
spectivel}',  is  charged  the  applicant.  The  pay  of  these 
men  ranges  from  400  to  600  milreis  per  month  and  liv- 
ing expenses.     The  pilots  receive  (iOO  milreis  ]ier  montli 


i;i;.\zii.iAx    Tnii:Ki;i;PKR    and    I'abocca    IlixrKi; 

on  duty  and  300  milreis  while  on  shore,  awaiting  orders. 

The  writer  believes,  that  with  proper  instruction  and 
discipline,  the  same  amount  of  labor  can  be  obtained 
from  the  natives  in  Brazil  as  from  men  foreign  to  the 
country.  It  must  be  borne  in  mind  that  tropical  condi- 
tions exist  iu  the  two  cities  mentioned.  The  Amazon 
River  from  its  mouth  to  Manos,  a  distance  of  over  1100 
miles,  is  within  four  or  five  degrees  of  the  equator.  In 
either  one  of  the  cities  the  temperature  every  day  in  the 
year  is  never  less  than  86  deg.  F.  at  night,  and,  of 
course,  the  heat  is  more  intense  during  the  day.  For 
this  reason  it  is  not  expected  that  any  class  of  help  can 
do  as  great  an  amount  of  work  as  in  a  temperate  zone. 

Some  idea  of  the  amount  of  labor  required  may  be  ob- 
tained by  an  analysis  of  the  working  force  of  a  3000- 
kw.  ])ower  plant  in  one  of  these  cities.  The  number  of 
men  employed  iu  this  plant  is  110,  consisting  of  one 
chief  engineer,  one  first  assistant  engineer,  four  assistant 
engineers,  five  switchboard  attendants,  seven  oilers,  eight 
cleaners,  two  water  tenders,  seventeen  firemen,  four  coal 
passers,  three  blacksmiths,  fifteen  machinists  and  repair- 
men, two  miisons,  three  carpenters  and  thirty-eight 
helpers. 

By  referring  to  the  w-age  list,  it  may  be  noticed  that 
the  firemen,  w'ater  tenders  and  coal  passers  w^ork  in  eight- 
hour  shifts.  The  peak  load  always  comes  during  the 
hours  of  the  afternoon  and  evening  watch,  4  to  12  o'clock. 
At  that  time  one  fireman  is  stationed  at  each  boiler  in 
service,  and  for  about  four  hours  of  his  watch  hancles 
over  a  ton  of  coal  an  hour.  The  firemen  are  shifted  every 
week  so  as  to  give  each  a  turn  at  the  lighter  work  of  their 
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•department.  At  the  time  the  observation  was  made,  the 
total  coal  consumption  of  tliis  plant  averaged  -10  long 
tons  a  day  of  24  hours,  so  that  the  average  amount  of 
1  L>al  handled  by  the  firemen  is  0.23  long  ton  per  man.  The 
mal  is  run  in  on  a  trestle  and  dumped  in  front  of  the 
boilers.  The  coal  passers  move  from  one  fire  to  another 
and  shovel  the  coal  close  up  in  front  of  the  boilers  so 
that  the  firemen  always  have  their  coal  witliin  reach 
when  charging  a  boiler.  The  boilers  are  also  attended 
by  water  tenders  so  that  the  firemen  do  not  need  to 
perform  this  duty.  During  the  afternoon  watch  the  fire- 
men are  compelled  to  work  their  forces  almost  inces- 
santly. They  are  in  a  dripping  perspiration  within  five 
minutes  after  they  come  on  duty,  and  they  are  in  that 
condition  until  they  stop  working.  When  fires  are  cleaned, 
the  coal  passers  clean  out  the  ash[)its  and  haul  away  the 
ashes. 

In  this  plant  the  chief  engineer  takes  charge  during 
the  day,  and  the  first  assistant  engineer  is  required  to 
take  charge  of  the  boiler  and  engine  room  during  the 
night.  There  are  two  assistant  engineers  on  the  floor  at 
all  times,  and  it  is  their  duty  simply  to  start  and  stop 
engines.  There  are  four  oilers  on  duty  during  the  night, 
and  three  during  the  day.  They  attend  to  the  engines 
and  condensing  machinery. 

There  are  eight  cleaners  who  work  in  12-hour  shifts, 
and  it  is  their  duty  to  mop  floors,  wipe  engines  and  gen- 
erators and  keep  the  switchboards  clean.  Tlie  switch- 
board attendants  are  in  the  gallery  at  all  times  and  have 
nothing  to  do  with  the  generators.  In  addition  to  these 
men,  there  are  blacksmiths,  machinists,  repairmen,  ma- 


sons, carpenters  and  helpers^  all  of  whom  work  during 
the  day. 

It  was  found  upon  observation  and  careful  study,  that 
this  total  working  force  could  be  greatly  reduced.  By  a 
gradual  process  of  rearrangement,  the  number  of  oilers 
was  cut  down  to  three ;  the  number  of  helpers  was  re- 
duced to  ten;  one  blacksmith  and  two  machinists  and 
repairmen  were  retained.  The  masons  and  carpenters 
were  disposed  of  entirely. 

Among  the  machinists  and  repairmen  there  are  men 
who  were  trained  to  keep  the  boilers  clean,  and  to  repair 
the  brickwork  wherever  it  was  necessary.  At  least  one 
boiler  was  taken  down  each  day  to  have  the  tubes  swept 
and  for  any  necessary  repairs  to  the  brickwork  or  baffles. 
Among  the  helpers  there  are  men  who  also  operate  the 
coal  cars,  running  the  coal  in  from  the  bunkers  to  the 
boiler  room. 

In  handling  these  men,  a  great  deal  depends  on  the 
man  in  charge.  If  he  will  e.xercise  due  patience,  and  will 
lie  explicit  in  his  instruction  so  that  the  men  under- 
stand everything  he  tells  them,  they  appreciate  it  and 
try  to  do  their  best.  To  be  connected  in  any  way  with 
engineering  is  always  considered  a  great  honor  among 
these  people. 

Most  of  these  men  are  steady  workers,  some  of  them 
having  worked  from  ten  to  twelve  years  in  the  one  place, 
and  over  half  of  them  for  at  least  two  years.  Among 
those  who  come  and  go  there  are  quite  a  number  who  are 
trained  in  some  department  of  power-plant  operation,  so 
that  it  is  possible  to  pick  up  men  in  each  of  these  cities 
who  are  trained  workers. 
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SYXOPSIS — In  lurhines  of  the  EiecUer-Sluinpf  type  the 
presence  of  the  nozzle  cant:e.'i  the  steam  to  be  redirected 
npon  the  wlieeJ  not  at  the  edge  but  someirliat  toward  tlic 
center  of  the  receiving  bucket.  The  article  describes  a 
nozzle  block  designed  to  overcome  this  defect. 

In  a  single  pressure',  nuillij)lc  velocity-stage  turbine, 
such  as  described  herewith,  there  is  no  question  but  that 
the  nozzle  and  reversing  chambers  contribute  more  to  the 
pcrl'orniMncc  or  efficiency  of  the  turbine  than  any  other 
parts.  In  oilier  words,  the  initial  noz/.le  and  reversing 
chambers  are  tiie  vital  parts  of  the  turbine,  as  far  as  prac- 
tical results  are  concerned,  and  because  this  fact  has  been 
I'-alized  by  the  majority  of  steam-turbine  designers,  a 
ji'at  <lcal  of  thought  has  been  concentrated  on  these  de- 
liiils  of  the  turbine. 

It  is  surprising  to  note  the  variable  re-ulls  lliat  can  be 
obtained  by  slight  changes  in  these  nozzles  and  I'cversing 
I  bainbcrs.  For  instance.  Fig.  1  shows  a  i)hotogra])li  of  a 
nuzzle  which  ha.s  been  u.«ed  with  considerable  success,  tlic 
Water  rate  of  this  nozzle  plotted  against  s]ieed  being 
shown  by  curve  a.  Fig.  3.  Likewise,  the  results  obtaini'd 
by  the  nozzle  and  reversing  chambers,  shown  in  Fig.  2, 
are  plotted  in  curve  b,  of  the  same  figure.  The  difTer- 
ence  in  results  is  probably  wholly  attriliutable  to  the  re- 
versing cliamber.'f,  and  to  the  reversing  chambers  forward 
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of  the  rear  supi)lementary  reversing  chamber,  for  this  lat- 
ter and  the  initial  nozzles  are  identical  in  each  case. 

A  positive  explanation  of  this  difference  would  be  diffi- 
cult to  make,  but  the  writer  believer  that  it  is  caused  by 
the  inefficiency  of  the  small  reversing  chamber,  shown  iu 
Fig.  1  alongside  of  the  initial  nozzle.  That  is  to  say,  the 
steam  coining  from  this  small  reversing  chamber  is  di- 
rected into  the  bucket  wheel,  as  illustrated  in  Fig.  1, 
and  insteail  of  being  delivered  at  the  side  of  the  bucket, 
as  it  should,  it  is  discharged  into  the  center,  as  shown,  and 
must  necessarily  mingle  with,  and  interfere  more  or  less 
with  the  nozzle  steam.  It  is  a  well  known  fact  that  the 
best  results  cannot  I)e  secured  if  two  streams  at  different 
sjieeds  are  allowed  to  mix.  for  they  cause  eddies  which 
I'eduei'  the  veloeit v. 

Fig.  5  shows  the  corresponding  rexei'sing  chambers  for 
nozzle  No.  2.  There  is,  in  this  eonsi  i-uetion.  no  reversing 
cliamlier  which  corrcs|)onds  tn  the  smaller  reversing 
<  liamber  which  is  alongside  the  nuzzle  in  Fig.  1.  The 
first  reversing  chamber  wliieb.  as  >hown  in  Fig.  5,  is 
just  forward  of  the  nozzle,  delivers  its  ^leaHl  at  the  out- 
si<le  of  the  wheel  bucket,  while,  in  addilidn,  the  steam 
films  are  better  se]iarn1ed,  and  it  .seems  rcasonalile  to  as- 
sume that  this  is  the  principal  rea.son  why  the  nozzle  il- 
lustrated in  Fig.  2  gives  the  higher  efficiency. 

By  referring  to  the  characteristic  cur\'e  a.  in  Fig.  3, 
i-omparcd  with  curve  /;.  it  will  be  seen  that  the  ellieiency 
of  nozzle  1   increases  the  faster  as  the  s]ieed   is  increased. 
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which  would  bear  out  the  above  reasoning  that  tiie  small 
bucket  alongside  of  the  initial  nozzle  in  segment  Xo.  1  is 
less  detrimental  as  the  speed  is  iucreased.  In  other  words, 
the  speed  of  the  wheel  carries  the  steam  further  forward 
in  the  direction  of  rotation.  Consequently,  a  smaller  per- 
centage of  the  steam  is  delivered  into  this  small  reversing 
chamber  as  the  speed  increases. 

It  has  been  found  by  experiment  that  the  best  efficiency 
can  be  obtained  when  the  initial  steam  Jet  entering  the 
wheel  of  this  type  does  not  exceed  20  per  cent,  of  the 
width  of  the  wheel.  This  point  is  illustrated  in  Figs. 
6  and  7.  Xo  doubt,  the  smaller  the  ratio  of  the  steam  jet 
to  the  width  of  the  wheel,  the  greater  the  efficiency,  that 
is,  as  far  as  the  nozzle  and  bticket  are  concerned.  Of 
course,  if  this  width  is  reduced  to  an  unreasonable  degree 
the  rotation  losses  of  the  wheel  become  a  larger  per- 
centage of  the  output,  and  more  than  offset  the  increase 
in  efficiency  of  the  nozzle.  Therefore,  there  must  be  a 
ratio  t\iat  will  give  the  best  output  result,  and  this  has 
been  found  to  be  between  15  and  20  per  cent,  of  the 
width  of  the  wheel.  Of  course,  as  the  steam  enters  and 
reenters  the  wheel  tlie  steam  film  is  becoming  wider  be- 
cause of  the  fact  that  its  speed  is  being  reduced,  but  the 
subsequent  impacts  in  the  rotor  become  less  and  less  ef- 
fective, and  this  increase  in  width  is  not  so  detrimental 
as  in  the  initial  jet.  as  the  energy  extracted  varies  as  the 
square  of  the  steam  velocity. 

It  has  been  found  that  the  steam  passes  through  the 
rotor  in  a  design  of  this  kind,  practically  three  times. 
Roughly  speaking,  the  steam  gives  up  75  per  cent,  of  its 
energy  the  firgt  impact,  20  per  cent,  the  second  and  5 
per  cent,  the  last.  This  ratio,  of  course,  varies  with  the 
rim  velocity  of  the  rotor  and  the  initial  and  terminal 
steam  conditions.     While  there  are  four  reversing  cham- 


chambers  which  would  be  required,  because  the  first  re- 
versal would  extract  a  larger  percentage  of  the  energy, 
leaving  a  small  amount  to  be  taken  out  in  the  subse- 
quent reversals.  While  this  is  true  as  far  as  the  amount 
of  energy  taken  out  in  each  reversal  is  concerned,  it  does 
not  hold  that  three  reversing  chambers  will  show  better 
efficiency  than  four  at  high  speeds,  as  can  be  seen  from 
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curve  c  above  referred  to.  The  explanation  of  this  is 
probably  the  fact  that  at  high  speed  the  rotor  advances 
the  steam  so  rapidly  that  more  work  is  done  in  the  for- 
ward chambers  than  would  be  at  relatively  slower  rotor 
speeds. 

Another  point  in  favor  of  nozzle  Xo.  2  is  shown  in 
Fig.  8.  This  shows,  in  full  lines,  a  development  of  the 
rotor,  with  a  development  of  the  initial  nozzle  and  revers- 
ing chambers  in  dotted  lines  superimposed.  It  will  be 
seen  that  it  is  impossible  for  any  relation  to  exist  between 
the  reversing  chambers  and  rotor  whereby  there  will  be 
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bers  shown  in  Fig.  2,  it  does  not  necessarily  hold  true 
that  the  steam  makes  four  complete  reversals,  but  it  has 
been  found  by  experiment  that  four  chambers,  as  shown 
in  this  design,  give  the  best  efficiency  under  the  usual 
operating  conditions.  The  dotted  curve,  designated  as  c 
in  Fig.  3,  shows  the  relative  effect  of  nozzle  No.  2  with 
the  last  of  the  reversing  chambers  removed.  In  other 
words,  this  has  three  diagonal  reversing  chambers  forward 
of  the  supplementary  chamber  and  the  initial  nozzle. 

One  would   naturally  think  that  the  higher  the  rim 
velocity  of  the  rotor,  the  fewer  the  number  of  reversing 


no  free,  unrestricted  path  available  when  the  steam  is 
traversing  the  rotor  and  reversing  chamlier  buckets.  In 
other  words,  if  the  rotor  were  held  in  a  stationary  posi- 
tion in  any  relation  whatever  to  the  nozzle,  the  steam 
would  find  an  easy  exit.  This  would  not  be  the  case 
•with  nozzle  Xo.  1,  providing  the  relation  existed  where 
the  buckets  in  the  rotor  exactly  coincided  with  the  initial 
nozzle  and  the  small  bucket  at  its  side.  That  is  to  say, 
in  nozzle  Xo.  1,  at  a  certain  instantaneous  relation  be- 
tween stator  and  rotor,  the  exit  is  temporarily  closed. 
From  a  manufacturing  standpoint,   it  would   at  first 
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appear  that  nozzle  No.  2  would  be  much  more  difficult 
to  produce,  but  a  method  has  been  worked  out  wherebj' 
these  reversing  chambers  are  machined  with  a  verj'  slight 
excess  in  cost  over  nozzle  Xo.  1.  Each  reversing  cham- 
ber is  made  by  two  cuts,  approximately  one-half  the 
width  of  the  bucket,  and  it  is  necessary  only  to  square  up 
the  corners  at  the  receiving  and  discharge  ends  of  these 
chambers. 

While  at  present  it  is  possible  to  get  a  slightly  higher 


( iKcienc}'  with  a  properly  designed  multi-stage  turbine, 
it  is  believed  that  there  are  even  greater  possibilities  with 
a  single-stage  turbine,  than  those  already  achieved.  If 
the  economy  of  a  single-stage  turbine  can  closely  approxi- 
mate that  of  a  midti-stage  machine,  the  single-stage  tur- 
bine will  have  a  decided  advantage,  not  only  because  of 
its  initial  cost,  but  especially  because  of  its  simplicity, 
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ight  weight  and  reduced  size.     The  single-stage  turbine 

more  likely  to  mamtani  its  original  efficiency  as  there 

-  no  tendeticy  for  leakage  between  the  stages,  while  the 

■  tlicicncy  of  the  multi-stage  turbine  is  bound  to  decrease, 

due  to  the   increasing  leakage  around   the  shaft  at  the 

diajihragms.     The  multi-stage  argument  that  the  steam 

"locity  is  lower,  and  the  rotor  buckets  are  not  so  severely 

Ejected  to  the  action  of  the  steam,  is  true,  no  doubt, 


but  when  constructed  of  proper  material,  and  using  rea- 
sonably dry  steam,  the  efficiency  of  a  single-stage  turbine 
can  be  maintained  practically  indefinitely. 

Future  development  in  the  single-stage  turbine  will 
probably  be  confined  to  the  reversing  buckets  rather  than 
the  initial  nozzle  or  rotor,  and  it  is  believed  that  there  is 
greater  opportunity  for  increasing  the  efficiency  of  the 
single-stage  than  the  multi-stage  turbine ;  in  other  words, 
the  multi-stage  has  been  more  perfectly  developed  to 
date.  Even  in  its  present  state  of  development,  however, 
the  single-stage  turbine,  in  small  powers,  is  better  adapted 
for  nonconclensins:  work. 


Fusible  Signal  Plugs  for  Air-Com- 
pressor Machinery 

The  Hodges  fusible  signal  plug  which  is  being  placed 
on  the  market  by  the  Ingersoll-Rand  Co.,  11  Broadway, 
Xew  York  City,  is  devised  to  give  warning  of  a  rise  in 
temperature  to  a  point  which  has  been  previouslj-  deter- 
mined upon  as  the  limit  of  safety.  Thus  it  may  guard 
against  the  development  of  excessive  strains  or  other 
dangerous  conditions. 

This  device  consists  of  a  body  formed  for  screwing  in- 
to a  hole  tapped  for  a  Vi-m.  pipe  thread  in  the  wall  of 
the  apparatus  to  be  protected,  an  ornamental  cap  and  a 
removable  stem  containing  the  safety  element.  The  de- 
vice is  neat  in  ajipearance  and  as  there  are  no  movable 
parts,  no  attention  is  required  by  the  operating  engineer. 
The  material  used  is  mostly  brass  and  copper,  and  is 
unaffected  by  atmospheric  conditions. 

The  plug  can  be  placed  in  the  discharge  space  of  a 
single-stage  compressor,  in  the  high-pressure  side  of  a 
two-stage  compressor,  in  a  receiver  or  other  air  container, 
where,  if  an  excessive  rise  of  temperature  occurs,  the 
safety  element  melts  and  opens  a  minute  pa.ssage  through 
the  stem  to  the  head,  allowing  a  small  amount  of  air  to 
pass,  producing  a  distinctive  whistle  that  cannot  be  over- 
looked by  anyone  in  the  vicinity.  This  will  continue  un- 
til measures  are  taken  to  reduce  the  primary  cau.se  of 
the  threatened  trouble,  it  is  then  but  a  moment's  work 
to  replace  the  plug  with  a  new  one  and  the  machine  is 
again  protected  against  a  similar  recurring  danger. 

These  signal  plugs  are  supplied  in  two  types  with  350- 
and  500-deg.  F.  blowing  points,  respectively.  The  350- 
deg.  plug  is  suitable  for  use  in  the  discharge  pipe  of  a 
single-stage  compressor  working  at  40  lb.  gage  pressure; 
in  the  discharge  side  of  a  two-stage  com])ressor  work- 
ing at  100  lb.,  or  in  the  discharge  side  of  a  three-  or 
four-stage  compressor,  delivering  air  at  100  lb.  The 
500-deg.  plug  is  for  use  in  the  discharge  pipe  of  a  single- 
stage  compressor  working  at  100  lb.  ]>ressure. 


Safety  on  the  oil-burninK  vessels  In  the  Navy  win  be  In- 
creased by  the  provision,  on  .such  ships,  of  an  oxygen  breath- 
ing apparatus.  It  is  estimatoil  that  about  10  lives  are  lost 
each  year  on  these  oll-burninfr  vessels,  when  men  are  over- 
come by  gases  escapiniE:  from  the  liquid  fuel.  The  apparatus 
Is  simple,  consisting  merely  of  a  small  oxygen  tank,  a  flex- 
ible tube,  and  a  mouth  piece  covering  the  nose  and  mouth, 
but  not  hindering  the  vision  as  the  usual  helmet  does. — "En- 
gineering News." 


The  average  monthly  salaries  for  engineers  in  the  Swedish 
merchant  marine,  states  "International  Marine  Engineering." 
are:  Chief  engineer,  $81;  second  engineer,  $58;  third  engi- 
neer.  $48;   fourth   engineer,    $27.    and    fireman   $17. 
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Dynamo  and  Motor  Troubles 

By   II.  L.  MossMAx 

The  following  article  explains  some  of  the  troubles 
in  the  operation  of  dynamos  and  motors,  giving  the 
causes,  symptoms  and  remedies.  It  is  well  in  all  cases 
to  make  a  careful  examination  and  not  jump  at  con- 
clusions. 

Heating  of  Bearings 

1.  Excessive  belt  tension  in  which  the  pulley  bearing 
will  probably  be  hotter  than  the  other.  To  overcome 
this,  reduce  the  load  or  belt  tension. 

2.  Failure  of  oil  rings  to  revolve  with  the  shaft :  oil 
too  low;  poor  grade  of  oil;  grit  in  the  bearing  or  a  bent' 
shaft.     The  remedy  is  obvious.. 

3.  End  thrust  due  to  improper  leveling  or  no  lateral 
motion  of  the  shaft — if  a  belt-driven  machine,  move  the 
shaft  back  and  forth  with  a  stick  pressed  against  the 
end  of  the  shaft.  The  shaft  should  have  a  lateral  move- 
ment of  about  y^  in.  and  should  float  when  running. 
If  it  does  not,  it  is  probably  held  in  one  position  by  the 
belt,  the  pulley  or  the  collar.  Sometimes  the  armature 
projects  out  more  on  one  side  of  the  field  coils  than  on 
the  other;  in  this  case,  the  magnetic  pull  of  the  field 
coils  will  draw  the  armature  in  and  the  pulley  or  col- 
lar may  bind  against  the  bearing  and  cause  heating. 

4.  Unequal  air  gap — See  that  the  air  gap  is  equal 
all  around  the  armature,  for,  if  it  is  nearer  one  pole- 
piece  than  another,  the  magnetic  ]nill  will  be  unequal. 

Heating  of  Field  Magnets 

1.  Moisture  in  the  coils — This  will  be  indicated  by 
tlie  field  circuit  testing  lower  in  resistance  than  normal 
in  that  type  of  machine.  In  shunt-wound  machines, 
the  field  would  take  more  current  than  ordinary.  The 
insulation  resistance  will  also  test  low.  To  remedy  this 
condition,  the  coils  should  be  baked  in  an  oven  for  sev- 
eral hours,  or  current  may  be  passed  through  them ;  or 
both  means  may  be  used. 

2.  Excessive  current  in  the  field  circuit — The  symp- 
toms are,  the  field  coils  will  become  too  hot  to  permit 
holding  the  hand  on  them.  Their  temperature  will  be 
over  50  deg.  C.  above  the  surrounding  air.  In  the  case 
of  a  shunt-wound,  or  separately  excited  machine,  the 
voltage  should  be  decreased  at  the  terminals  of  the  field 
coils  or  the  resistance  of  the  coils  can  be  increased  by 
adding  more  wire  or  by  putting  resistance  in  series.  A 
short-circuit  could  also  cause  heating;  this  would  be 
indicated  by  the  short-circuited  coil  being  cooler  than 
the  others. 

Heating  of  Ar.iiATrnE 

1.  Excessive  heating  in  armature  coils — In  this  case 
reduce  the  load. 

2.  Short-circuited  armature  coils,  caused  by  moisture 
01   defective  insulation — Test  the  coils,  and  remove  the 


I'ause;  if  this  be  moisture,  then  dry  out  as  for  the  field 

3.  One  or  niore  reversed  coils  in  one  part  of  the  arma- 
ture— Test  for  this  with  a  compass  and,  if  found,  recou- 
r.ect  the  coil  to  agree  with  the  others. 

4.  Heat  conveyed  from  other  parts,  such  as  the  com- 
mutator or  bearings — In  this  event,  start  the  machine 
cool  and  notice  which  parts  heat  up  first. 

Heating  of  Commutator  and  Brushes 

1.  Heat  spread  from  other  parts  of  the  machine. 

2.  Sparking — Any  of  the  causes  of  sparking  will  cause 
heating   more   or   less. 

3.  An  overheated  commutator  will  decompose  car- 
bon brushes  and  cover  the  commutator  with  a  film  of 
carbon,  which  offers  resistance  and  increases  the  heat. 
The  commutator  and  brushes  should  be  cleaned  and  the 
brushes  fitted  to  make  good  contact  at  the  proper  points. 

4.  Bad  connections  in  the  brush-holder — For  these, 
test  out  the  connections  by  the  "droj:)"  method  for  higher 
resistance  than  normal  and  improve  the  connections. 

5.  Arcing  or  short-circuiting  between  the  segments — 
The  symptoms  are  a  burned  spot  at  the  point  of  short- 
circuit.  If  this  is  noticed,  pick  out  the  charred  par- 
ticles and   repair  the   commutator. 

6.  Carbon  brushes  heated  by  current — To  remedy 
this,  see  that  the  brushes  fit  the  commutator  and  are 
properly  spaced.  Use  larger  brushes  so  that  the  current 
density  does  not  exceed  30  or  40  amp.  per  sq.in.  of  con- 
tact area,  or  use  lower  resistance  brushes 

Sparking  at  Commutator 

Sparking  is  not  very  objectionable  if  moderate  in 
amount  and  duration.  Beyond  this,  however,  it  is  likely 
to  burn  and  roughen  the  commutator  and  cause  heat- 
ing. 

1.  It  is  sometimes  caused  by  the  armature  carrying 
too  much  current,  due  to  overload  or  excessive  voltage. 
If  excessive  current  flows  for  any  length  of  time,  the 
whole  armature  becomes  heated.  An  overload,  due  to 
friction,  may  be  detected  by  turning  the  machine  by 
hand.  A  convenient  and  sensitive  test  for  any  size  of 
machine  is  to  determine  the  current  required  to  run  the 
armature  free  (operating  as  a  motor)  which  should  not 
be  more  than  4  or  5  per  cent,  of  the  current  at  the 
rated  load,  except  in  machines  of  10  hp.  or  less,  which 
may  take  6  to  10  per  cent.  The  remedy  in  this  case  is 
to  reduce  the  load,  reduce  the  speed  of  the  machine,  or 
decrease  the  field  strength  in  the  case  of  a  dynamo  and 
increase  it  in  a  motor. 

2.  Sparking  may  also  be  caused  by  the  brushes  not 
being  set  at  the  neutral  points.  In  this  case  the  brushes 
should  be  shifted  backward  and  forward  until  sparking 
is  reduced  or  eliminated.  If  the  brushes  are  not  set  op- 
posite each  other,  or  in  a  four-pole  machine  90  deg. 
apart,  they  will  spark.  To  set  them,  count  the  com- 
mutator segments,  or  wrap  a  piece  of  paper  around  the 
commutator  and  divide  it  into  the  same  number  of  equal 
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parts  as  there  are  sets  of  brushes.  Then,  set  the  brushes 
10  the  marks  on  the  paper,  which  will  space  them  equally. 
The  usual  position  of  the  brushes  is  nearly  opposite  the 
-paces  between  the  polepieces;  but,  on  some  machines, 
this  will  not  hold  good,  and  it  is  necessary  to  give  a 
forward  lead  (in  the  direction  of  rotation)  to  the  brushes 
in  the  case  of  a  dynamo  and  a  backward  lead  in  the  case 
cf  a  motor. 

3.  A  commutator  may  have  high  bars,  fiat  bars,  pro- 
jecting mica  or  be  rough.  If  such  proves  to  be  the  ease, 
the  commutator  may  be  made  smooth  with  a  fine  file  or 
sandpaper.  If  it  is  very  rough  or  eccentric,  it  should  be 
turned  off.  For  turning  use  a  diamond-pointed  tool 
with  a  very  sharp  and  smooth  edge.  Take  a  very  fine 
cut  each  time  to  prevent  tearing  or  catching  in  the 
copper,  which  is  very  tough,  and  finish  with  a  fine  file 
and  sandpaper.  Any  particles  of  copper  should  be  care- 
fully removed  from  between  the  bars.  Use  a  little  oil  or 
\aseline  on  the  commutator,  if  necessary. 

4.  The  brushes  may  make  poor  contact,  in  which  ease 
they  should  be  fitted  to  the  commutator  by  drawing  a 
jiiece  of  sandpaper  between  them  and  the  latter.  See 
that  the  brush-holders  work  freely  and  that  the  brushes 
do  not  bind  in  the  holders. 

5.  A  short-circuited  or  reversed  coil  in  the  armature 
may  cause  sparking.  This  will  cause  a  motor  to  draw 
excessive  current  even  wlien  running  free  without  load, 

VoH-me^r 


Testing 


IxsrL.vTioN  Resistaxck  with 
Voltmeter 


tir  a  generator  will  require  considerable  power  even  with- 
out any  external  load.  A  reversed  field  coil  can  be  lo- 
cated with  a  compass ;  the  coils  should  be  alternately 
north  and  south  or  should  alternately  attract  and  repel 
one  end  of  the  compass  needle.  If  a  coil  proves  to  be 
short-circuited,  it  will  burn  out  under  load  and  should 
iic  removed.    A  reversed  coil  may  be  connected  properly. 

6.  An  open  circuit  in  the  armature  will  also  cause 
sparking.  It  is  usually  indicated  by  long,  heavy  flashing, 
and  the  commutator  bar,  or  mica,  nearest  the  break  is 
usually  badly  burned  or  eaten  away.  These  symptoms 
might  be  laid  to  high  bars;  i)ut  an  open  circuit  can  be 
distinguished  by  slowly  lurning  the  armature  when  vio- 
lent flashing  will  continue.  After  the  break  has  been  lo- 
rated,  if  a  permanent  repair  cannot  be  made  at  once,  th«' 
>parking  can  l)e  stopped  by  connecting  together  with 
solder  the  two  bars  adjacent  to  the  break  ;  this  will  <-\i* 
out  the  defective  coil;  but  the  coil  should  be  repaired 
]>ermanent]y  as  soon  as  ])ossii)le. 

7.  Still  another  cause  of  sparking  is  a  grounded 
jirmature.  Two  or  more  grounds  would  Jiave  i)ractically 
the  same  effect  as  a  short-circuit  and  .should  be  treated 
the  same.  A  single  ground  would  have  little;  oi-  no  cf- 
I'f'Ct,  provided  the  circuit  is  not  grounded  at  some  other 
point.  On  an  electric  railway,  or  other  circuit  with  an 
enrth  return  or  a  three-wire  sy.stem  with  the  neutral 
grounded,  one  or  more  grounds  in  the  armature  would 
allow   the   current   to   pass    directly    through    them    and 


would  cause  the  machine  to  spark.  A  ground  will  some- 
times be  produced  by  the  static  electricity  from  the  belt 
puncturing  the  insulation,  if  the  frame  of  the  machine  is 
insulated  from  the  ground.  If  the  frame  is  grounded, 
this  cannot  happen.  The  frame  of  a  machine  that  is  in- 
sulated can  be  grounded  through  a  high  resistance,  which 
will  carry  off  the  static  charge.  The  remedy  for  a  ground 
is  obvious. 

8.  A  weak  magnetic  field  will  be  indicated  by  the 
}iolepieces  not  being  strongly  magnetic  when  tested  with 
a  piece  of  iron.  The  position  of  least  sparking  is  shifted 
considerably  from  normal,  due  to  the  relatively  strong 
distorting  effect  of  armature  reaction.  In  a  shunt-wound 
motor,  under  these  conditions,  the  speed  is  unusually 
high ;  whereas  a  generator  fails  to  provide  full  voltage.  A 
reversed  field  coil  will  weaken  the  field  magnetism  and 
cause  sparking.  If  the  series  coil  of  a  compound-wound 
luachine  opposes  the  shunt  coil,  it  will  reduce  the  voltage 
instead  of  raising  it  when  the  load  increases. 

Failure  to  Generate 

This  is  usually  due  to  the  inability  of  a  self-exciting 
dynamo  to  "build  up"  its  field  magnetism.  The  proper 
starting  of  such  a  machine  requires  a  certain  amount  of 
residual  magnetism,  which  must  be  increased  to  full 
strength  by  the  current  generated  by  the  machine  itself. 

1.  The  residual  magnetism  may  be  too  weak  or  de- 
stroyed, due  to  vibration  or  jar,  proximity  of  another 
machine  or  a  reversed  current  through  the  shunt  or 
series  field  coils,  but  not  enough  to  completely  reverse  the 
magnetism.  If  it  is  completely  reversed,  the  machine 
will  build  up  a  field  of  opposite  polarity.  The  symptoms 
are,  little  or  no  attraction  when  the  polepieces  are  tested 
with  a  piece  of  iron.  The  trouble  may  be  remedied  by 
.sending  a  magnetizing  current  through  the  field  coils 
from  another  machine  or  battery;  if  this  fails,  apply  the 
current  in  the  opposite  direction,  also  the  brushes  may 
be  shifted  backward  to  make  the  armature  magnetism  as- 
sist that  of  the  field. 

2.  Reversed  connections  of  half  of  the  field  so  that 
one-half  opposes  the  other  will  make  the  generator  fail 
10  generate.  This  may  be  detected  by  testing  with  a  com- 
pass. 

3.  Short-circuit  in  machines:  If  the  short-circuit  is 
in  the  external  circuit,  it  will  prevent  the  building  up 
of  a  shunt-wound  machine,  but  will  assist  a  series-wound 
machine. 

4.  An  open  circuit  may  cause  failure  to  generate, 
which  may  be  due  to  a  broken  wire  or  faulty  connection 
in  the  machine,  or  to  poor  brush  contact. 

Testing  and  Locating  Faults 

Locating  a  reversed  coil  in  the  armature — Su]i))ly  a 
moderate  current  to  each  coil  in  succession  by  touching 
the  wire  to  each  two  adjacent  commiitator  bars  and  hold 
a  compass  over  the  corrcs])onding  coil.  The  latter  will 
rever.se  when  the  reversed  coil  is  reached. 

Testing  insulation  resistance  with  a  voltmeter — This 
test  is  made  with  the  machine  ruiniing.  Connect  the 
\oltmeter  across  the  brushes  .1  and  B  (Fig.  1)  and  note 
ilie  reading;  call  this  E.  Then  connect  the  voltmeter  as 
-liown  and  call  this  reading  /'/',.  Lot  A'  erpii\)  the  resistance 
of  the  voltmeter  ami  .\'  the  insulation  resistance.  Then 
E  X  R       ,,  _   „ 
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To  test  the  field  coils  for  a  short-  or  open  circuit,  con- 
nect to  the  source  of  current,  as  in  Fig.  2,  using  lamps 
to  regulate  tlie  current.  Connect  the  voltmeter  across 
the  coils,  as  at  AB,  CD,  EF  and  GE.  If  the  voltmeter 
readings  are  tlie  same  for  all  coils,  the  coils  are  all  right, 
imless  they  should  all  be  short-circuited,  which  would 
be  unlikely.  If  any  coil  is  short-circuited,  the  reading 
of  the  voltmeter  will  be  low.  If  the  coil  is  open,  the  volt- 
meter will  show  a  higher  reading.  The  actual  resistance 
of  each  coil  can  be  found  bv  connecting  an  ammeter  in 


in  the  wood  sleeper  to  reach  the  rod  and  through  this 
hole  contact  was  made  to  the  rod  from  the  other  ter- 
minal of  the  circuit  by  means  of  a  wire  to  the  end  of 
which  a  short  iron  bolt  was  attached.    The  arc  was  struck 


Fig.  2.  Testixc;  fou  Shout-  or  OPEx-CiKcrrx  ix  Field 

tlie  circuit.  By  Ohm's  law,  the  resistance  will  equal  the 
electromotive  force,  divided  by  the  current,  or  R  =  E  -^  I. 
A  ground  can  be  located  with  a  magneto  or  by  using 
a  voltmeter  or  lamps.  Fig.  3  shows  connections  for  test- 
ing armature  coils ,  for  open,  partly  open  or  short-cir- 
cuited coils.  Here  *4  is  a  low-reading  ammeter,  which 
is  adjusted  by  means  of  a  shunt  to  give  a  large  deflec- 
tion when  the  leads  D  and  £  are  short-circuited.  The 
leads  are  then  brought  in  contact  with  adjacent  seg- 
ments of  the  commutator;  the  deflections  being  com- 
pared with  one  another  to  give  the  comparisons  of  the 
resistance.  If  a  coil  is  open,  or  the  connections  broken, 
the  ammeter  will  give  a  low  reading  when  spanning  its 
.segments.     If  a  coil  is  partly  open,  the  high  resistance 


Fig.  3.  Testing  Akmatuke  for  Short-  or 
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at  fault  will  give  a  low  reading  on  the  ammeter.  A 
short-circuited  coil  will  show  a  greater  deflection  than  a 
good  coil. 

The  temperature  rise  of  the  armature  and  field  coils 
can  be  measured  with  a  thermometer  laid  on  the  part  and 
covered  with  cotton  waste ;  but  such  tests  do  not  show 
the  heat  within  the  coil.  A  better  method  is  to  take 
advantage  of  the  rise  of  resistance  due  to  the  tempera- 
ture rise.  The  increase  is  about  0.00-i  ohm  per  deg.  C. 
for  earh  ohm  of  resistance  of  the  coil. 

Removing  Foundation  Bolts 

Some  time  ago  we  wished  to  move  one  of  our  motors 
which  was  anchored  to  the  brickwork  by  %-in.  rods  as 
represented  in  the  sketch.  There  was  not  room  enough 
to  remove  the  nuts  and  lift  off  the  motor,  because  of  the 
ceiling  overhead,  which  had  been  constructed  after  the 
motor  was  in  place.  "We,  therefore,  connected  one  side  of 
a  220-volt  circuit  through  a  water  rheostat  by  means  of  a 
wire  clamped  under  the  nut  as  shown.    A  hole  was  made 
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by  breaking  the  contact.  The  current  was  maintained  at 
about  30  amp.  for  three  minutes,  when  the  rod  became 
red  hot  at  that  point;  then  by  tightening  on  the  nut  and 
striking  the  rod  a  few  blows  it  was  severed.  This  was 
repeated  for  each  rod,  and  the  motor  moved  horizontally. 
Washington,  D.  C.  (.'harles  W.  MoRTiiiER. 

Static  Charges  on  Belts 

In  reference  to  an  inquiry  signed  J.  H.  G.  on  "Avoid- 
ing Static  Electric  Shocks"  with  your  answer  to  same 
published  m  the  Mar.  25  issue,  I  would  point  out  that 
the  grounding  of  hangers,  bearings,  etc.,  is  not  suffi- 
cient to  remove  all  the  static  electricity  from  a  moving 
belt.  A  rather  careful  investigation  of  this  subject  was 
made  by  the  E.  I.  duPout  deNemours  Powder  Co.  some 
time  ago  and  it  was  found  that  in  addition  to  such 
grounding,  it  was  advisable,  where  desirable  to  remove 
all  the  accumulated  static  charge,  to  install  metal  combs 
on  the  underside  of  the  belt  close  to  the  point  wher^  it 
left  the  revolving  pulleys,  and  in  addition  to  this  to 
treat  the  outside  surface  of  the  belt  periodically  with  a 
half-and-half  mixture  of  glycerin  and  water.  The  gen- 
eration of  such  static  electricity  seems  to  be  brought  about 
by  some  internal  movement  of  the  particles  or  fibers  of 
the  belt  structure,  and  the  static  charge  appears  equally 
strong  along  the  entire  length  of  the  belt  and  is  little  af- 
fected by  increased  tension  or  slipping  of  the  belt. 

Since  the  belt  material  is  usually  a  nonconductor  of 
electricity,  in  order  to  dissipate  the  charge  it  is  neces- 
sary to  render  it  conducting.  This  is  achieved  by  the 
use  of  glycerin  and  water. 

Wilmington,  Del.  L.  A.  DeBlois. 
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Some  Developments  of  the  Gas  Engine 

By  EvEiiAi'.D  Browx 

The  tirst  practicable  four-stroke-cycle  gas  engine  was 
invented  about  50  years  ago  by  Otto  in  Germany.  For  a 
long  time  its  manufacture  was  restricted  to  small  sizes, 
largely  because  of  the  necessity  of  cooling  the  exhaust 
\alve  which,  it  was  thought,  would  entail  mauy  unde- 
sirable complications.  To  eliminate  this,  the  two-stroke- 
cycle  engine  was  developed  as,  in  this,  the  piston  acts  as 
an  exhaust  valve  by  uncovering  ports  through  which  the 
waste  gases  escape. 

Two-SxiioKK-l'vcLK    Engine.s 

One  of  the  earliest  cuninicrcial  two-stroke-cycle  en- 
gines was  invented  l)y  Dugal  Clerk,  of  London.  It  had  a 
simple  cylinder,  was  single  acting  and  had  a  common 
iiir  and  gas  pump,  independent  of  the  power  cylinder. 
Tills  pump  scavenged  and  charged  the  cylinder  through  a 
main  inlet  valve  when  the  power  piston  was  at  the  end  of 
its  stroke  and  the  exhaust  ports  were  uncovered.  Xo  at- 
tempt was  made  to  build  this  engine  in  larger  sizes,  al- 
though a  number  of  the  small  sizes  were  put  into  use. 
Its  manufacture  wa.s  finally  abandoned,  because  it  was 
I'ouud  to  be  more  expensive  to  build  than  the  Otto  four- 
stroke-cycle  engine. 

About  this  time  Oechelhiiuser,  of  Berlin.  in\cnted  a 
two-stroke-cycle  gas  engine  that  came  into  consitlerable 
prominence.  This  engine  consisted  of  a  cylinder  with 
both  ends  open  and  had  two  pistons,  each  of  which  worked 
at  one  end  of  the  cylinder  in  opposite  directions  and  were 
( onnected  to  what  might  be  called  a  common  three-throw 
crankshaft.  One  piston  uncovered  a  row  of  inlet  ports 
through  wliich  the  gas  and  air  were  admitted  while  the 
lit  her  simultaneously  uncovered  a  row  of  exhaust  ports 
through  which  the  waste  gases  escaped.  During  the  in- 
terval that  the  pistons  were  in  these  extreme  positions 
the  cylinder  was  scavenged  of  the  waste  gases  and  charged 
with  fresh  air  and  gas  by  independent  pumps.  Then  as 
the  pistons  approached  eaih  other  the  charge  was  com- 
pressed at  the  middle  of  the  cylinder  and  then  ignited. 
This  engine  had  the  distinct  advantage  in  that  there  were 
no  valves  exposed  to  high  temperatures  and  pressures,  for 
one  pi.stou  acted  as  the  inlet  valve  while  the  other  acted 
as  the  exhaust  valve.  The  development  of  this  tyjje  was  a 
lung  .step  forward  as  it  eliminated  all  the  valve-gear 
Muiibles  heretofore  incident  to  gas-engine  operation.  It 
"  iis  not  long,  therefore,  before  larger  units  were  built ; 
111  fact,  many  of  the  leading  manufacturers  abroad  arc 
.-till  building  this  type,  with  slight  modifications,*  in 
sixes  ranging  from  oOO  to  1500  hp.  for  operating  rolling 
mills,  electric  generators  and  blowing  engines. 

This  type  has  certain  disadvantages,  however.  For  ex- 
ample, the  j)ower  required  by  the  independent  scavenging 
and  charging  piini])  ranges  from  8  to  10  per  cent,  of  the 
total  power  developed.     Furthermore,  as  it  is  essentially 


a  single-acting  engine,  it  produces  but  one  impulse  per 
revolution,  which  necessitates  a  large  flywheel  and  also 
makes  the  cost  per  horsepower  high.  Another  disad- 
vantage is  that  the  power  must  be  taken  ofl:'  at  the  three- 
throw  crankshaft  in  order  to  balance  the  stresses.  In 
fact,  the  shaft  has  been  known  to  fail  in  some  instances 
where  the  forces  have  not  lieen  properly  balanced  be- 
cause of  attacliiug  the  blowing-engine  cylinder  direct  to 
one  of  the  pistons.  To  offset  this  disadvantage,  however, 
this  engine  has  no  valve-gear  with  its  attending  com- 
plications. 

The  next  two-stroke-cycle  engine  of  ])rominence  was 
that  invented  by  Koerting.  There  is  a  good  example  of 
(his  type  on  a  large  .scale  at  the  Lackawanna  Steel  Co.'s 
]dant  in  Buffalo.  As  originally  brought  out,  this  engine 
was  single  acting  and  was  similar  to  that  invented  by 
Clerk,  the  princi])al  material  difference  being  that  the 
air  and  gas  pumps  were  separate,  thus  giving  better  con- 
trol of  the  mixture.  Also,  the  Koerting  engine  had  an 
ingenious  system  of  piping  between  the  pumps  and  the 
main  inlet  port  of  the  cylinder,  admitting  a  quantity  of 
air  in  advance  of  the  mixture  to  scavenge  the  waste  gas. 
By  this  arrangement  the  mixture  could  also  be  stratified 
for  reduced  loads. 

Later,  this  engine  was  made  double  acting,  the  power 
cylinder  having  a  row  of  exhaust  ports  in  the  center  that 
are  exposed  iiy  the  piston  when  it  is  at  cither  end  of  the 
stroke.  At  each  end  of  the  cylinder  there  is  a  main  inlet 
\m1\c  through  which  the  charge  is  admitted  simultaneous- 
ly with  the  exposure  of  the  center  exhaust  ports  bj'  the 
l)istoii. 

.\mong  the  criticisms  that  may  lie  advanced  against  the 
Koerting  engine  is  the  location  of  the  valves  in  the  head. 
In  order  to  examine  or  remove  the  piston  it  is  necessary 
to  lireak  the  air  and  gas  connections  and  remove  the 
valve-gear.  Another  objection  is  that  the  power  consump- 
tion of  the  air  and  gas  ])umps  is  .said  to  be  from  10  to  15 
])er  cent,  of  the  total  power  generated  by  the  engine. 
Furthermore,  the  interval  of  time  when  the  piston  is  at 
the  end  of  its  stroke,  during  which  the  cylinder  must  be 
scavenged  and  charged,  is  very  short :  therefore,  the  main 
iidet  valve  must  be  large  and  must  operate  through  a  con- 
siderable distance  in  order  to  admit  sufficient  mixture  in 
the  short  interval  allowed.  As  compared  with  a  four- 
stroke-cycle  engine  the  valve  must  o])en  and  close  in  one- 
quarter  the  time.  In  addition  to  this  it  mu.st  travel 
through  a  greater  distance.  Sume  of  these  objections 
have  now  been  overcome  to  a  certain  extent.  However, 
a  feature  to  commend  this  ty])e  is  the  absence  of  exhaust 
valves  as  compared  with  the  double-acting.  four-Stroke- 
cycle  engine.  Whether  the  troubles  incident  to  such 
valves  are  sufficiently  serious  to  olfset  the  oiijections  men- 
tioned as  rs-latiiig  to  tlie  two-cycle  engine  is  a  question 
for  debate. 

Foii!-Sii!oki:-('y(i.i:   EN(iiNi:s 

During  Ibis  development  of  the  two-.stroke-cyde  type, 
the  four-stroke-cycle   princi})le   was  by   no   means  aban- 
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doiieil.  On  tlie  contrary,  it  received  probably  as  much 
attention  from  some  of  the  leading  European  builders 
as  did  its  competitor,  consequently  the  development  of 
both  types  progressed  simultaneonsly.  The  manufac- 
turers largely  responsible  for  the  development  of  the 
four-stroke-cycle  engine  are:  The  Otto  Gas  Engine  Co., 
of  Cologne,  the  John  Cockerill  Co.,  of  Liege,  the  Xiirn- 
berg  Engine  Co.,  of  Niirnberg,  and  the  Premier  P^nginc 
Co.,  of  Nottingham,  Eug.  Germany,  however,  deserves 
more  credit  for  the  advancement  of  the  gas  engine  than 
all  the  other  countries  combined. 

Until  a  few  years  ago  the  four-stroke-cycle  engine  was 
built  as  a  single-cylinder,  single-acting  unit  in  which  the 
piston  was  exposed  to  air  circidatiou  and,  therefore,  did 
not  require  water  cooling.  Probably  one  reason  for  this 
was  the  belief  that  cooling  the  piston  by  means  of  circulat- 
ing water  would  materially  reduce  the  engine  efficiency. 
Also,  it  was  thought  impracticable  to  build  a  stuffing- 
box  for  the  piston  rod  that  would  withstand  the  heat.  A 
little  later  the  design  was  changed  to  a  tandem  two-cyl- 
inder construction  but  still  single  acting.  Subsequenl 
investigations  proved  that  water  cooling  of  the  piston  did 
not  materially  affect  the  economy  and  as  a  result  the 
double-actiiig,  tandem  two-cylinder  construction  was  made 
possible.  The  development  of  metal  rings  for  packing 
the  piston-rod  stuffing-box  also  hastened  the  adoption  of 
this  newer  type.  Both  of  these  developments  gave  a 
great  impetus  to  the  four-stroke-eycle  engine  as  it  prac- 
tically put  it  on  the  same  basis  with  the  Koerting  two- 
cycle  engine  as  regards  regulation  and  cost  per  horse- 
power with  the  advantage  of  having  greater  mechanical 
efficiency.  This  form  of  construction  was  developed  only 
about  15  years  ago. 

At  first  almost  all  of  the  leading  manufacturers  lo- 
cated the  valves  in  the  heads  of  the  engine  cylinder  which, 
obviously,  was  an  objectionable  feature.  The  next  im- 
portant step,  therefore,  was  the  placing  of  these  valves 
in  the  cylinder  body.  This  left  the  heads  free  for  removal 
when  necessary  for  the  examination  of  the  piston  and  the 
interior  of  the  cylinder.  This  form  of  construction — 
tandem,  two-cylinder,  double-acting  and  four-stroke- 
cycle,  with  the  valves  located  on  the  cylinder  body — has 
now  been  so  generally  adopted  that  it  is  looked  upon 
largely  as  the  standard  practice.  Subsequent  improve- 
ments have  been  of  minor  importance  relating  mostly 
to  details  of  regulation,  valve-gear  and  cylinder  con- 
struction. 

As  the  liigher  thermal  efficiency  of  the  gas  engine  over 
the  steam  engine  has  been  well  known  for  the  past  30 
years,  at  least,  it  is  surprising  that  the  latter  has  not 
been  supplanted.  The  apparent  hesitancy  to  do  this  can, 
no  doubt,  be  largely  attrilnited  to  the  various  mechanical 
difficulties  encountered  in  the  development  of  the  modern 
gas  engine  which  had  to  be  surmounted  step  by  step.  Fur- 
thermore, the  delay  in  taking  it  up  more  generally  in  the 
past  was  also  due  to  the  lack  of  a  satisfactory  gas  pro- 
ducer to  supply  the  fuel.  For  a  long  time  blast-furnace 
gas,  because  of  its  low  thermal  value,  was  considered 
wholly  unsuitable  for  this  purpose.  Moreover,  the  dust 
in  such  gas  was  an  obstacle  against  its  use  so  that  in  a 
way  the  advancement  of  the  gas  engine  waS  further  re- 
tarded until  suitable  gas-washing  apparatus  could  be  in- 
dented. 

The  John  Cockerill  Co.,  of  Liege,  Belgium,  probaljly 
made  the  first  installation  to  demonstrate  the  practicabil- 


ity of  using  blast-furnace  gas  in  a  gas  engine.  This  in- 
stallation was  made  at  the  furnaces  at  Seraing  and  con 
sisted  of  a  single-acting,  single-cylinder  unit  of  300  hp. 
The  gas  as  it  came  from  the  furnaces  contained  only  a 
small  amount  of  dust,  and  it  was  not  thought  necessary 
to  wash  it. 

The  next  iiistailatiou,  made  by  tlie  same  company,  wa.-> 
at  Uitt'erdingen  and  consisted  of  nine  single-acting,  sin- 
gle-cylinder engines  of  600  hp.  each.  Both  of  these  in- 
stallations gave  considerable  trouble,  due  largely  to  the 
dust  in  the  gas.  which  cut  the  cylinders  and  pistons  badly 
These  troubles  finally  drove  the  Differdingen  firm  to  the 
development  of  a  gas  washer  and,  after  several  costly  ex- 
periments, they  found  a  centrifugal  fan  with  a  spray  of 
wat^r  played  into  it    to  be  the  most  satisfactory. 

Later  the  installation  at  Seraing  was  succeeded  by  a 
single-acting,  tandem,  two-cylinder  engine  of  750  hp. 
at  which  time  a  Theisen  gas  washer  was  also  installed. 
The  installation  of  this  unit  and  the  experience  gained 
from  it  led  to  the  later  develo]unent  of  the  double-acting., 
tandem,  two-cylinder  engine  and  from  that  to  the  mod 
crn  twin-(aiidem.  double-acting,  four-etroke-cycle  ma 
chine. 

During  this  time  the  oidy  other  builder  of  the  four- 
stroke-cycle  type,  in  large  sizes,  was  the  Niirnberg  Co., 
which  seemingly  kept  pace  with  the  Cockerill  Co.  At  the 
same  time,  however,  the  Otto  Gas  Engine  Co.  was  de- 
veloping an  engine  practically  along  the  same  lines  but 
in  the  smaller  sizes  only.  This  company  apparently  was 
rather  conservative,  although  it  adopted  the  double-acting, 
tandem  type  almost  at  the  same  time  that  the  Cockerill 
and  Niirnberg  companies  did.  all  three  working  on  the 
four-stroke-cycle  principle. 

There  are,  of  course,  many  builders  of'large  and  small 
gas  engines  in  Ertrojje,  other  than  those  mentiotied,  but 
the  majority  are  either  licensees  of  these  companies  or 
have  adopted  their  general  design  but  are  exploiting  sonn 
special  features  such,  for  example,  as  the  Crossley  engine 
of  England.  This  is  practically  a  single-acting,  foui- 
stroke-cycle  engine  of  the  Otto  type,  except  that  it  has 
a  balanced  exhaust  valve. 

Another  form  of  the  Otto  four-stroke-cycle  engine  was 
invented  by  a  Mr.  Latenie,  of  Paris,  which  for  a  time  was 
favorably  considered  and  which  received  first  prize  at  the 
Paris  Exposition  in  1900.  The  distinguishing  feature  in 
this  engine  was  that  it  had  a  greater  compression  for 
the  light  loads  than  for  the  heavy  loads,  thus  giving  bet- 
ter combustion  under  reduced  load  conditions.  There 
were,  however,  certain  objections  and  disadvantages  which 
prevented  its  general  adoption.  Still  another  form  of 
this  same  Otto  four-stroke-cycle  engine  was  the  Premier, 
built  near  Nottingham,  Eng.  The  special  feature  of  this 
engine  consisted  of  a  small  auxiliary  air  pump  intended 
to  scavenge  the  waste  ga.ses  from  the  clearance  space  be- 
fore admitting  the  charge.  This  was  done  by  opening  the 
inlet  valve  on  the  exhaust  stroke  a  little  m  advance  of  the 
closing  of  the  exhaust  valve  so  that  the  air,  under  pres- 
sure in  the  receiver  between  the  inlet  valve  and  the  air 
pump,  rushed  in  and  scavenged  the  waste  gases  and 
cooled  the  surfaces  of  the  cylinder  head  and  piston,  there- 
by increasing  the  capacity  and  efficiency  of  the  engine. 

Developmi:xt  in  Amkkica 

In  this  country  the  development  of  the  gas  engine  has 
not  l»een  carried  on  as  aggressivelv  as  in  England  and 
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Germany.  While  we  have  many  builders  of  gas  engines 
in  the  smaller  sizes,  it  is  only  within  recent  years  that  the 
large  units  have  received  much  attention.  For  e.vample. 
the  Westiughouse  Machine  Co.  has  built  gas  engines  uji 
to  200  and  300  hp.  for  some  years  but  only  within  the  past 
few  years  has  it  put  out  the  larger-sized  machines.  This 
company  now  has  some  large  engines  in  operation,  in- 
cluding iilowing  engines,  all  of  which  are  of  the  double- 
acting,  tandem,  four-stroke-cycle  type. 

The  Snow  Steam  Pump  Co.  probably  deserves  the 
credit  of  being  the  first  American  concern  to  build  suc- 
cessfully large  modern  gas  engines.  The  design  adopted 
is  the  tandem,  double-acting,  four-stroke  cycle  with  the 
valves  on  the  cylinder  body  at  the  side  and  placed  in  a 
cliainlier.  In  the  last  respect  only  does  it  dilfer  from 
the  standard  modern  type  of  engine.  This  company  has 
built  and  has  in  successful  operation  units  as  large  as 
5(100  hp. 

Among  other  manufacturers  are  the  AUis-Chalmers 
Co.,  which  IS  the  licensee  of  the  Xiirnberg  engine,  of  which 
a  number  of  large  sizes  have  been  built,  and  the  De  I^a 
\'ergne  Co.,  of  New  York  City,  which  builds  the  Koeit- 
iiig  two-stroke-cycle  and  four-stroke-cyele  engines.  Prac- 
tically all  of  the  other  and  smaller  builders  have  adopted 
the  standard  tandem,  double-acting,  four-stroke-cycle  de- 
sign with  the  valves  on  the  cylinder  body,  the  inlet  on 
top  and  the  e.xhaust  underneath. 

In  the  earliest  types  of  gas  engines  the  charge  was 
ignited  at  atmospheric  pressure  only;  that  is,  there  was 
no  compression.  About  1S60,  however,  it  was  discovered 
by  e.xperimont  that  by  compressing  the  charge  before  igni- 
tion a  greater  efficiency  as  well  as  capacity  could  be  oli- 
taiiied.  The  result  is  that  today  all  modern  engines  com- 
press the  charge  from  100  to  150  lb.  per  sq.in.  before 
Ignition,  the  amount  of  compression  depending  largely 
upon  the  gas. 

In  the  same  way  has  the  governing  arrangement  been 
improved  upon.  Formerly  the  engines  were  controlled  by 
the  hit-and-miss  nielhod  of  regulation:  that  is,  at  full 
load  the  engine  exploded  a  full  charge  at  every  cycle,  but 
as  the  load  was  reduced,  the  power  stroke  would  be 
iiiiiitted  now  and  then  by  the  governor  not  admitting 
any  gas.  This  was  j)robably  the  most  efficient  form  of 
L'overning  from  the  standpoint  of  economy,  but  it  gave 
|i(i(pr  regulation  and  necessitated  large  Hywbeels;  conse- 
(|uently  the  later  design,*  are  so  arranged  that  the  amount 
of  the  effective  charge  is  lessened  for  reduced  loads.  This 
may  be  done  in  several  ways,  one  of  which  is  to  change 
the  quality  of  the  mi.xture  by  throttling  the  gas  only. 
Tlie  objection  to  this  method  of  governing  is  that  the  mix- 
iiirc  may  become  so  ban  nn  light  loads  as  to  impair  its 
iL:nitioii. 

.\notlier  method  of  regulation  is  by  throttling  the  ipian- 
tity  of  the  mixture  and  leaving  the  projxjrtions  of  air  to 
gas  constant.  To  maintain  a  mixture  of  con.stant  pro- 
portioii.s  for  all  loads  is  very  desirable  yet,  on  the  other 
hand,  this  plan  has  a  tendency  to  reduce  the  compression 
on  the  light  loads  and  thus  cause  jioor  combustion.  To 
overcome  the  objections  to  both  of  these  methods,  various 
combinations  and  forms  of  stratification  have  been  re- 
sorted to;  these  involve  a  somewhat  more  complicated 
mechanism.  As  to  which  is  the  best  method,  is  a  matter 
of  opinion,  and  there  is  undoubtedly  room  for  further 
improvement  in  this  particular  j)hasc  of  gas-engine  de- 
sign. 


Gas  Engine  Cylinder  Lubrication 

J>.  L.  Brewster,  in  the  Mar.  1  I  issue,  -■^eeins  to  have 
overlooked  some  points  in  his  criticism  of  A.  L.  Breii- 
nau's  article  on  "tias  J-higine  Cylinder  Lubrication."  Mr. 
Brennau  says:  "The  first  indications  in  the  case  of  using 
a  poor  oil  are  manifest  in  decreased  ])ower,  due  primarily 
to  the  friction  olfered  the  surfaces  of  the  pi.stou  and  cyl- 
inder; secondly,  to  faulty  compression,  due  to  the  piston 
rings  becoming  inoperative,  and,  thirdly,  to  carbon  de- 
posits, which  materially  ri'iluie  tlie  efficiency  of  the  valves 
and  impair  the  function  of  the  spark  plugs."  To  this 
ilr.  Brewster  rejilies:  "I  have  yet  to  see  one  (an  engine) 
in  which  I  could  di.scover  a  case  of  improper  cylinder 
lubrication  by  a  decrease  in  the  power  developed." 

I  would  say  that  Mr.  Brennau  is  right,  except,  per- 
haps, in  a  very  few  instances.  In  my  experience,  cover- 
ing a  period  of  nine  years,  with  almost  all  makes  of  gas 
and  oil  engines,  ranging  from  (35  to  500  hp.,  I  liave  found 
that  improper  lubrication  of  the  cylinder  will  cause 
a  decrease  in  the  |i<i\\cr  developed.  For  instance,  in 
using  an  oil  with  a  heavy  body  and  of  a  low  fire  test,  one 
is  apt  to  get  a  large  amount  of  carbon.  This  will  cause 
the  engine  to  miss  tire  by  accumulating  on  the  spark 
plugs.  Also,  carbon  and  burned  oil  will  deposit  around 
the  valve  seats,  preventing  the  valves  from  seating  prop- 
erly, and  there  will  be  a  loss  of  compression  through  the 
exhaust  or  the  engine  is  a])t  to  backfire  through  the  in- 
take. This  will,  as  a  rule,  cause  a  decrease  in  ])ower;  in 
fact,  T  have  known  it  in  certain  cases  actually  to  stop 
the  engine. 

Ill  using  an  oil  that  is  too  thin,  one  is  a]it  to  have 
trouble  with  the  engine  beating  up.  This,  as  a  rule, 
causes  the  engine  to  slow  down,  and  the  power  to  de- 
crease. Fiirthermore.  the  excessive  heat  may  thin  the 
oil  until  it  is  not  sufficient  to  kee]i  the  piston  from  rub- 
bing the  cylinder  walls,  and  it  is  liable  to  score  them; 
as  a  result  the  ]iistoii  may  seize. 

In  an  engine  with  a  l)a<lly  worn  cylinder  and  rings  the 
thin  oil  will  blow  out  and  the  cyliniler  will  not  get  its 
surface  covered  enough  to  i)ro])erly  lubricate  it,  nor  to 
hold  compression.  This  will  cause  ])erce])tible  loss  of 
power.  I  have  had  the  nil  gum  so  that  it  was  almost 
like  tar:  and  it  woiiM  retard  the  action  (d'  the  ])iston  to 
such  an  extent  as  to  cause  the  engine  to  slow  down  and 
gradually  s1o]i.  In  most  instances  this  can  be  prevented 
by  a  careful  engineer  through  attention  to  the  lubricator 
or  by  a  quick  change  of  (dl.  Of  course,  conditions  vary 
in  the  different  engine  rooms,  so  it  is  hard  to  tell  just 
what  can  lie  done.  But  1  have,  several  times,  saved  a 
shutdown  on  account  of  poor  oil,  by  getting  busy  as  soon 
as  the  engine  began  to  show  any  symptoms  of  defective 
oiliiijr. 

L.  T.    |)ri;\lA\. 
(;cddes,  S.  1). 


DuKald  Cli>rk.  nays  "The  Mcihanlcal  Rnprlnccr."  has  rc- 
(•♦■ntly  df'Vised  a  schenio  to  pri-vt-nt  pr*>lKnltionH  In  Kaa  «'npines 
usItiK  C'olce-oven  cra.i.  which  l«  hlRh  In  hydroRcn.  by  Introduo- 
ini?  cooled  exhaust  gases  Into  the  Inlet  pipe  and  thus  diluting 
the  gas.  It  is  claimed  that  this  does  not  materially  decrease 
the    power   of    the  enKlne. 
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Some  Troubles  of  Steam   Heating 
Systems 

By  C'hakles  H.  Buomlky 

Drawing  the  air  from  steam-heating  systems  by  means 
of  a  vactium  pump  aids  in  the  operation  of  the  plant, 
and  where  insufficient  radiation  has  been  provided  it  often 
makes  it  possible  to  maintain  comfortable  temperatures  in 
the  rooms  during  i^eriods  when  the  ^  load  on  the  en- 
gines and  other  steam-consuming  units  is  normal.  Dur- 
ing periods  of  low  load  or  very  low  temperatures,  the 
exhaust  is  usually  inadequate  and  the  addition  of  live 
steam  is  required. 

At  night  when  the  engines  are  shut  down,  it  is  com- 
mon practice  to  supply  live  steam  at  l)oiler  pressure 
through  a  large  live-steam  line  from  tiie  header  direct 
into  the  main  exhaust  or  trunk  line  of  the  heating  system. 
Where  the  system  is  compact  and  the  boilers  are  cen- 
trally located,  this  one  large  connection  will  prove  sat- 
isfactory. But  where  the  system  is  distributed  over  a 
wide  area,  and  especially  in  buildings  of  the  usual  sky- 
scraper height,  say  eight  or  more  stories,  the  one  con- 
nection is  not  wholly  satisfactory. 

In  most  office  buildings  the  load  drops  considerably 
just  at  the  time  the  outside  temperature  is  falling 
Almost  immediately  the  pressure  in  the  heating  sys- 
tem drops  to  a  vacuum  and  the  valve  in  the  live-steam 
connection  must  be  opened  more  and  more  as  the  load 
and  temperature  continue  to  fall.  To  fill  a  large  system 
quickly  from  one  source  of  sup'ply  entails  exceedingly 
hard  work  on  the  part  of  the  fireman  as  the  steam  is 
condensed  long  before  it  gets  to  the  extreme  ends  of 
the  system.  This  condition  is  so  bad  in  some  plants  that 
firing  the  boilers  on  the  night  watches  is  almost  un- 
bearable. 

To  obviate  such  troubles  and  to  secure  good  regula- 
tion of  the  system,  two  live-steam  lines  of  I  to  2%  in. 
diameter  each,  depending  upon  the  arrangement  of  the 
heating  system,  should  be  connected  to  the  branch  mains 
at  the  extreme  ends  of  the  system. 

Vacuum  Troubles 

The  air-relief  valves  are  the  greatest  source  of  trouble. 
Everyone  is  familiar  with  the  manner  of  adjusting  these 
valves,  but  because  it  is  a  simple  operation,  many  are 
too  careless  in  adjusting  them  properly.  In  most  cases 
they  are  not  adjusted  close  enough,  so  that  steam  is  con- 
stantly being  blown  into  the  vacuum  lines.  This  dis- 
integrates the  valve  pencil  or  so  coats  it  with  dirt  as  to 
clo.se  the  valve  tight,  and  when  a  screwdriver  is  ap- 
plied to  open  it,  the  valve  is  frequently  stuck  fast.  If 
too  much  force  is  used  in  trying  to  Iiack  off  on  the 
pencil,  the  brass  cap  unscrews,  leaving  the  pencil  stuck 
in  the  valve.  When  this  happens  the  quickest  way  to 
remove  it  is  to  take  off  the  valve  and,  holding  it  in  a 
pair  of  gas  pliers,  drill  out  the  ]iencil,  being  careful  not 
to  drill  into  the  valve  seat. 


Plugged  Vacuum  Lines 
It  is  chiefly  because  the  air  valves  are  not  adjusted 
close  enough  that  troubles  from  plugged  and  corroded 
vacuum  lines  are  experienced.  The  first  step  is  to  locate 
the  obstruction,  which  may  be  done  by  trying  for  vac- 
uum on  the  floors  above  and  below  the  radiators  af- 
fected. The  seat  of  the  trouble,  if  in  the  local  line  or 
the  riser,  may  be  readily  located,  and  if  in  the  former, 
disconnect  the  short  pipe  between  the  air  valve  and  the 
elbow  or  tee,'  for  the  trouble  is  likely  to  be  here,  and  in 
this  event  the  obstruction  can  be  quickly  and  easily  re- 
moved. 

If  the  riser  is  plugged  so  badly  that  there  is  iusutii- 
cient  vacuum,  the  line  must  be  washed  out  by  using  a 
hydraulic  force  jjump.  Locate  the  riser  in  the  basemei;; 
and  make  provision  for  a  nipple  and  hose  connection  to 
it,  even  sawing  the  line  if  necessary.  This  is  a  disagree 
able  job  at  l)est,  for  it  is  often  necessary  to  lie  cramped 
o\er  hot  pijjes  and  sometimes  there  is  only  room  to  use 
the  blade  of  the  saw. 

Pails  of  water  and  hose  lengths  for  connecting  to  uic 
suction  and  discharge  sides  of  the  pump  should  now  be 
obtained.  The  hose  on  the  discharge  side  should  be  of 
good  quality  and  able  to  withstand  high  pre.s.sures.  Con- 
nect the  discharge  hose  to  the  riser  and  somewhere  above 
the  oljsti-iiclioii  open  the  line,  i.e.,  disconnect  it  at  a 
radiator  (one  in  a  toilet  is  preferable),  attach  a  piece 
of  hose  and  have  jiails  ready  to  catch  the  water  as  it  i< 
pumped  u])  through  the  line  by  the  men  operating  t'le 
force  pump.  Hot  water  is  best  as  it  softens  the  matter  in 
the  pipe. 

There  should  be  jjlenty  of  leverage  on  the  force  pump  so 
as  to  facilitate  jnimping  under  high  pressures.  It  is 
well  to  connect  a  pressure  gage  to  the  pump  to  eliminate 
guesswork  as  to  the  pressure  applied.  When  high  pres- 
sures have  been  repeatedly  put  on  the  line  from  below 
and  above  the  obstruction  and  the  latter  is  not  removed, 
the  line  must  be  taken  apart  to  be  cleared. 
An;  Bound  Coils 

In  indirect  .systems  using  four  or  five  large  manifold 
coils  for  tempering  and  heating  the  air,  trouble  is  some- 
times experienced  on  account  of  the  coil  not  heating 
throughout.  This  allows  large  volumes  of  cold  air  to 
pass  through  the  coil  and  on  into  the  rooms.  This  con- 
dition is  sometimes  so  bad  that,  where  air-washing  .sys- 
tems are  used,  the  water  from  the  spray  pijjes  freezes, 
forming  large  icicles,  and  iced  air  is  passed  into  the 
rooms.  The  trouble  is  due  chiefly  to  the  vacuum  pipe  be- 
ing plugged  or  too  small  so  that  air  remains  in  the  coils , 
to  the  coil  return  being  full  of  water  or  to  a  shortage 
of  steam.  It  can  be  eliminated  by  putting  a  tee  in  the 
vacuum  line  and  connecting  a  branch  to  the  front  part 
of  the  return  header  as  at  A  in  Fig.  1,  in  which  B  is  a 
sheet-iron  filkr  box  and  C  is  the  doorway  to  the  housing. 
Adjusting  Thermostat 

When  the  coils  are  thermostatically  controlled,  as  they 
usually   are,   and    icicles   form   in   the   air-washer    hous- 
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iiig,  the  tlic'i'inostat  regulator  should  be  thrown  over  to 
the  '"warmer"  side,  and  left  there.  Thi.'^  will  allow  steam 
to  flow  through  the  coils  continuallj-  and  quiokh'  melt 
the  ice.  If  the  main  air  intake  duct  contains  a  door  or 
slide  opening  between  the  outside  inlet  and  the  ajr 
washer,  it  should  be  opened  to  allow  the  warm  air  of  the 
basement  or  room  to  lie  drawn  in.  This  will  greatly  aid 
in  melting  the  ice.  If  there  is  no  such  opening  in  the 
inlet  duct  one  should  be  provided.  The  door  to  the  air- 
washer  housing  should  also  be  opened  at  such  times,  the 
aim  being  to  jiass  warm  instead  of  cold  air  to  the  coils 
and  washer. 

.\lK    AND    I)I,VI'HHAGM    TliOUBLE.S 

Hot   air   is  sometimes  passed  into  the  rooms  for  too 
long  a  |ieriod  and  the  heat  becomes   unbearable.      When 


Fa;.  1.  IIi:.\TixG  Coil  ix  IIoisim; 

this  trouble  is  general  throughout  the  system  it  indi- 
cates that  the  ]iressure  of  llie  compressed-air  supply  to 
the  thermostats  and  diaphragm  valves  has  fallen,  or 
perhaps  the  air  pump  has  stopped.  When  the  trouble  is 
confined  to  only  one  coil  it  denotes  that  the  diaphragm 
D.  Fig.  2,  i.s  leaking,  so  that  the  spring  E  holds  the  valve 
open.  It  is  then  necessary  to  regulate  the  steam  and 
ti^mpcrature  by  haiid  while  putting  in  a  new  diaphragm, 
^1   number  of  which  should  be  kept  on  hand. 

Where  the  plant  uses  high-pre.ssure  air  for  water  lifts 
or  other  purjwscs,  it  is  ijest  to  let  the  small  low-|)res- 
sure  air  jjumjis  for  the  thermo.stat  air  supply  lay  idle 
:iiid  take  air  for  Ibis  |iur|>ose  from  the  high-pre.ssure  re- 
iiiver  through  a  rc(hiciiig  \al\c.  The  air  pressure  for 
the  thermostats  shoidd  \n-  1  .'>  lb.  per  sipin. 


I  in:i;M( 
-t    tlHTnio>tati( 


IS    mo>t    IliiTnio>tat  ic    troubles   are   ihie    to    nied- 

'lI'Ms  who  must   "sei'  how  it   works,"  and   these  meddlers 

•   usually   men   of   the   engine-room    force.      One   man 

iiiidd    lia\('    charge    of    the.<e    devices    and     no    others 

should    1 Idle   \\itli   tbcui.      It    is  a   tedious  job  to  ])rop- 

crly   adjust    a    t  hei-ni(jstat    and    to    lia\c    tlii'   adjustments 
frei|iu-ntly   disturbed   should    not   be   toleralrd. 

The  chief  point  about  the  0])eralioM  of  thernioslals  i« 
to  keep  the  air  supply  to  them  dry  and  clean,  so  that 
the  .imall  openings  at  the  needle  valves  and  akso  the 
lion  filter  will  not  i)ecome  plugged.  The  joints  (those 
'  ing  lead  gaskets  are  best)  slioidd  be  kept  tight,  a.s 
Hiiall  leaks  pi-event  fine  adjustment.  In  justice  to  the 
thermostat  let  it   be   understood    that    with   proper  care 


it  can  be  made  to  opci'atc  on   half  a  degree  tenqierature 
variation. 

Where  thermostats  i-ontrol  the  steam  supply  to  large 
coils,  the  device  should  be  made  to  operate  at  a  tempera- 
ture about  seven  degrees  higher  than  is  desired  in  the 
rooms.  The  reason  for  this  is  that  the  coils  do  not  get 
hot  for  some  time  after  the  steam  valve  has  opened, 
and  by  the  time  the  coils  have  become  heated,  the  room 
temperature  will  have  dropped  considerably  below  that 
desired.  When  the  thermostat  operates  the  valve  at  about 
seven  degrees  higher  than  the  desired  room  temperature, 
the  heat  reaches  the  rooms  just  before  the  temperature 
therein  has  reached  the  lowest  desirable  point.  As  the 
thermostat  operates  in  advance  of  the  room-temperature 
extremes,  it  will  have  closed  the  steam  valve  before  the 
room  temperature  is  as  high  as  it  should  be.  But  the  coils 
at  this  time  contain  enough  heat  to  raise  the  tempera- 
ture to  the  desired  degree,  and  the  fan  will  continue  to 
blow  this  heat  into  the  rooms.  By  being  careful  in  mak- 
ing the  adjustments,  and  if  the  rooms  are  also  provided 
with  thermostatically  controlled  direct  radiators,  as  they 
should  be,  the  room  temjierature  can  be  kept  almost  con- 
stant. 

ilAKiXG    J'ix)i'i,i:    Wai;.m    without   Heat 
The  most  common  error  in  steam-heating  installations 
is  that   not  enough   radiation    is   provided  to   make  the 
rooms  warm  enough  in  severe  weather.    During  these  cold 


intervals  the  .-system  is  carrying  as  much  ))ressure  as  il 
can  safely  withstand  and  all  I'adiators  are  as  hot  as  it  is 
])0.ssible  to  make  them.  Nevertheless,  demand.s  for  more 
heat  keep  the  telephone  busy.  The  man  at  the  'phone 
must  be  courteous  and  assure  the  comi)lainants  that 
more  heat  will  be  forthcoming  and  if  possible  call  im- 
mediately at  the  rooms  from  which  the  complaints  are 
received,  as  immediate  attciitiim  in  a  case  of  this  kiml 
goes  a  long  way. 

Monday  morning  gives  the  most  li-oublc.  due  to  dro])- 
ping  the  temjierature  over  Sunday  and  then  trying  to 
rai.se  it  at  the  last  moment.  In  rooms  where  many  girls, 
whose  work  retpiires  tluun  to  sit  at  desks  or  do  little 
jtliysical  exerci.sc,  are  cm]>loycd,  one  thin-blooded  persoti, 
by  putting  on  her  coat,  will  make  every  girl  in  the  room 
shiver  with  cold.  f'omi)laints  will  come  in  ami  the  ,wis(j 
iieating  man,  when  he  eiiteis  the  rooiri   in   rcs]H)nse  will 
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agree  with  the  occupants  that  it  is  uncomfortably  cold, 
and  proceed  to  inspect  every  radiator,  suggesting  to  each 
girl  as  he  goes  along  that  if  she  gets  too  warm  she  may 
shut  off  the  radiator.  On  leaving,  he  should  assure  the 
lady  in  charge  that  more  steam  will  be  turned  on  and 
the  room  made  very  comfortable  in  half  an  hour.  In 
tiie  meantime  other  complaints  must  be  attended  to  and 
that  room  forgotten,  as  more  heat  cannot  be  sent  to  it 
when  the  system  is  working  at   its  greatest  capacity. 

When  he  returns  he  should  smilingly  remark  how  com- 
fortable the  room  is,  and  then  (this  is  the  important 
part)  talk  heat  to  the  lady-in-charge  until  she  takes  oft' 
lier  coat.  She  will  do  it.  and  when  she  does,  one  l)y  one 
cacii  girl  will  take  oft'  hers  and  all  will  licconic  warm 
as  quickly  as  they  became  cold. 

Of  course,  the  above  is  a  poor  way  to  supply  heat,  but 
it  is  the  best  substitute  for  radiators  and  must  be  ap- 
plied until  they  can  be  installed,  which  should  be  as 
soon  as  possible. 

A  New  Hot-Water  Heating  System 

Notwith.'-tandiug  its  acknowledged  advantages,  heating 
bv  hot  water  is  often  considered  impracticable  on  account 
of  the  initial  expense  by  rea.son  of  the  larger  piping  re- 
quired when  the  gravity  system  is  used,  and  the  imprac- 
ticability of  the  forced-circulation  system  for  small  in- 
stallations. Attempts  have  been  made  to  increase  the 
circulation  by  applying  heat  to  the  risers,  but  this  has 
proved  impracticable  on  account  of  the  impossibility  of 
regulation  from  a  central  jxiint  and  the  high  fuel  ex- 
pense. 

Herr  Herman  Kraus,  engineer  of  the  (ierman  Museum 
in  Munich,  has  conceived  the  idea  of  increasing  the  cir- 
culation by  injecting  air  into  the  risers,  the  air  subse- 
quently escaping  through  the  expansion  tank.  The  air  for 
a  large  installation  can  be  compressed  by  a  small  motor- 
driven  compressor  at  the  expense  of  a  few  cents  per  day. 
When  compressed  air  is  already  available  the  advantages 
are  all  the  more  manifest.  This  system  permits  the  use 
of  small  piping,  is  controllable  from  a  central  point,  and 
will  recommend  itself  for  many  installations  on  account 
of  its  simplicity. 


Coal  Required  for   Heating 

By  W.   L.   DiuAxi. 

The  coal  consumption  of  a  low-])ressure  heating  ap- 
paratus is  often  desired  at  the  time  of  designing  the 
system  and  may  easily  be  ascertained  to  a  close  degree 
of   accuracy   by  the   following  method. 

Pea  coal,  which  is  the  size  in  most  common  use,  con- 
tains about  12,000  B.t.u.  per  lb.  Xot  over  8000  B.t.u. 
is  ab.*orbed  by  the  boiler  and  with  a  10  per  cent,  loss 
in  the  heating  system  the  heat  delivered  at  the  radiator 
per  poimd  of  coal  is  about  7300  B.t.u. 

Each  square  foot  of  direct  steam  radiation  requires  250 
B.t.u.  per  hr.  for  zero  weather.  For  New  York  City 
about  45  per  cent,  of  this  maximtim  will  be  required  for 
the  heating  season  of  210  days.  In  other  localities  this 
factor  will  be  different  and  may  be  determined  by  taking 
the  ratio  of  70  minus  the  average  temperature  of  the  heat- 
ing season  to  70. 


250  X  24  X  211)  X  i*--l 
5tiT,000 
7200 


."ior.dOd  H.I. II. 

=  78.75  lb. 


or  i)ractically  80  lb.  of  coal  per  square  foot  per  season. 

There  are  various  rules  for  determining  the  coal  con- 
siiin]ition,  liut  they  are  all  open  to  objections  and  do  not 
iiixe  iUTuratc  n'sults.  The  following  apjily  to  Xew  York 
City: 

1.  II mil-  ari'a  iii iillijilifd  In/  Ji.Ji  fqii(ii<  tonti  of  coal 
hiinifd   prr  ,vc((.v(;/i. 

2.  h'licli  riibic  fool  of  coiiteiil.-:  irill  rci/iiirr  d.U  ikiiiihI 
I  if  1 1  III  I  jii'r  healing  .<ea.'<on. 

E.rpo.sed  wrdrsur/ace  ^  .^  ^  ^^^^.^.^^^^ 

3       ii^ ^- 

100 

=  tons  of  coal  per  heutiiui  ■■ieason 

The  first  rule  is  practically  of  no  value  since  the  rate 
of  burning  coal  per  .'square  foot  of  grate  surface  may 
easily  xary  liy   ion  pci-  cent. 

The  second  is  (udy  ap]>roximate  as  the  ratio  of  heat- 
ing surface  to  \ohune  may  vary  anywhere  from  60  to  1 
to  100  to  1. 

The  third  is  proliably  the  most  accurate  of  all  as  it  is 
based  on  the  heat  losses  from  the  walls  with  an  allow- 
ance for  air  change,  but  would  be  in  error  as  the  ratio  of 
the  ex|)oscd  sui-laee  to  the  volume  is  far  from  lieing  a 
constant. 

The  method  outlined  at  the  beginning  should  be  more 
accurate,  for  the  heat  required  per  season  is  first  deter- 
mined and  then  the  coal  necessary  to  supply  this  heat. 
This  figure  (if  S(i  lb.  per  sq.ft.  of  heating  surface  may 
varv  uhere  dlliei'  roal  is  u.sed  or  the  efficiency  of  .the 
lioiier  ditt'ers,  but  the  method  is  the  same  and  if  the 
proper  factors  for  any  particular  ease  are  used  the  esti- 
mated and  actual  coal  consumed  will  be  found  to  be  very 
close. 

Heating  Building  with  Waste  Heat 
from  Gas  Engine 

A  simple  expedient  for  use  at  the  jilaiit  of  the  Ford 
Motor  Co.,  Detroit,  Mich.,  has  been  designed  by  Edwanl 
Gray,  for  taking  advantage  of  the  waste  heat  of  the  ex- 
haust gases  and  the  jacket  water.  This  is  done  by  the 
use  of  tubular  heaters.  The  jacket  water  from  the  en- 
gine is  circulated  by  a  pump  through  the  heater  and 
back  through  the  engine  jacket,  giving  up  its  heat  through 
the  tubes  to  the  water  in  the  heating  system.  After  leav- 
ing this  heater  the  water  for  the  heating  system  may  be 
passed  through  a  second  heater,  to  which  heat  is  supplied 
by  the  exhaust  from  the  engine. 

The  pressure  in  the  primary  heater  is  on  one  side  that 
due  to  the  static  head  existing  in  the  heating  system.  The 
jacket  water  circulated  is  under  a  presstire  due  only  to 
the  head  necessary  to  circulate  the  water,  and  this  may 
be  very  small.  The  primary  heater  may  be  of  simple  com- 
struction ;  in  fact,  one  of  the  several  standard  forms  of 
feed-water  heaters  will  serve  the  purpose  very  nicely. 

The  secondary  heater,  through  which  the  exhaust  gases 
pass,  should  be  constructed  of  such  material  as  will  with- 
stand the  possible  corrosive  action  of  the  exhaust  gases, 
and  should    preferably,  be  of  cast  iron. 

Xew  York  Citv.  L.  E.  BrtHWsTKi!. 
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Boiler  Joints 

An  abstract  of  an  interesting  pajjer,  ileseribing  tests 
made  to  determine  the  maximum  fiber  strains'  produced 
in  tlie  shell  plates  of  boilers  iu  the  vicinity  of  lap  joints, 
will  be  found  on  page  518  of  this  issue.  It  has  been 
suggested  in  these  columns  before,  that  it  would  be  a  step 
in  the  right  direction  if  some  of  our  states  having  boiler 
laws  would  devote  a  small  part  of  the  large  sums  expended 
directly  and  indirectly  in  the  enactment  and  enforcement 
(if  boiler  legislation  to  a  scientific  investigation  of  the 
( auses  of  boiler  failures  of  the  more  common  kind. 

The  lap-joint  crack  may  be  safely  said  to  be  one  of  the 
most,  if  not  the  most,  prominent  causes  of  disastrous 
boiler  explosions. 

While  it  has  been  contended  for  many  years  that  the 
lap-joint  crack  is  produced  by  a  repeated  defornxation  of 
the  joint,  due  to  changes  of  pressure  (and  this  is  doubt- 
less a  correct  statement  of  fact)  it  has  remained  for 
some  progressive  eiigineers  in  far-away  Australia  to 
actually  demonstrate  the  intensity  of  the  surface  stresses 
that  may  be  produced  in  the  plate  by  this  means  with 
lap  joints. 

These  tests  were  undertaken  and  cari'ied  out  without 
government  aid,  so  far  as  we  are  aware.  They  were  evi- 
dently conducted  in  the  most  painstaking  manner,  and 
the  results  obtained  are  remarkable  in  their  agreement 
with  the  theoretical  analysis  that  may  be  made  respect- 
ing the  maximum  stresses  to  be  expected  in  the  plate  ad- 
jacent to  a  lap-riveted  joint,  but  it  is  evident  that  only 
the  surface  of  the  sui)ject  has  Ijeeu  touched. 

A  few  years  agO'  the  lap  joint  alone  was  commonly  be- 
lieved likely  to  develop  defects  of  this  character,  but  more 
recent  experiences  have  shown  that  the  butt  joint  is  by 
no  means  immune.  There  have  been  numerous  instances 
of  similar  failures  in  butt-joint  boilers  throughout  the 
I'nited  States  during  tiie  last  few  years,  but  fortunately, 
1(1  the  best  of  our  knowledge,  none  lias  resulted  in  an  ex- 
plosion. 

On  Aug.  !•  of  last  year,  a  Scotch  boiler  on  the  stcamshi)) 
"(iuttenberg"  exploded  at  Rotterdam,  (4ernuiny,  with 
great  violence.  This  iioiler  was  constructed  with  a  butt 
joint,  and  the  initial  failure  was  through  a  crack  along 
the  outer  row  of  rivets,  which  exhibited  all  the  character- 
istics of  the  so  called  "lap-joint  crack." 

As  long  as  cracks  tend  to  form  with  this  type  of  joint,  it 
will  only  be  a  question  (if  time  before  other  serious  ex- 
plosions are  recorded,  due  to  this  cause.  It  would  .seem 
that  tlie  ])ro])er  state  authorities  might  take  u|)  the  work 
(  so  admirably  commenced  by  tiiesc  engineers,  and  demon- 
strate conclusively  why  boiler  joints  of  both  ty]>es  tend 
to  crack.  Massachusetts  boiler  laws  have  done  much  good 
l)y  jfartly  prohibiting  the  use  of  lap  joints,  but  much  re- 
mains to   be   afcomplishc(l. 

Oidy  the  knowledge  of  how  accidents  ocoir  can  indi- 
cate the  nioapures  to  bo  adopted  to  prevent  their  recur- 
raiice.  T^et  us  obtain  this  knowledge  with  respect  to 
boiler  joints  before  making  further  rules. 


A   Municipal  Power-Cost  Investigation 

The  year's  test  which  is  now  being  conducted  on  the 
plant  of  the  Hall  of  Records  will  go  a  long  way  toward 
.settling  the  controversy  as  to  whether  it  is  more  economi- 
cal for  A'ew  York  City  to  operate  isolated  plants  in  its 
public  buildings  or  to  purchase  central  station  current. 

This  test  is  the  consummation  of  an  investigation  be- 
gun about  two  years  ago  by  the  Bureau  of  Municipal 
Research  into  the  shutting  down  of  several  well-equipped 
city  plants  and  the  substitution  of  central  station  ser- 
vice. This  investigation  had  the  active  support  of  Bor- 
ough President  McAnenv. 

In  this  work  the  Bureau  of  Municijial  Research  made 
a  study  of  the  cost  of  heat  and  power  iu  a  large  number 
of  private  plants  throughout  the  city  and  compiled  a  very 
comprehensive  report.  This,  however,  was  attacked  by 
the  central  station  advocates  on  the  ground  that  cer- 
tain assumptions  had  been  nuule  in  regard  to  exhaust 
steam  heating. 

About  this  time  the  question  of  power  for  the  new 
municipal  building  came  up.  Its  iiroximity  to  the  Hall 
of  Records,  the  available  space  in  that  building,  and  the 
fact  that  its  plant  was  not  working  up  to  full  capacity, 
afforded  an  excellent  opportunity  for  a  central  plant  sup- 
plying both  buildings  by  adding  to  the  existing  equip- 
ment. This  plan  was  strongly  advocated  by  the  engi- 
Jieering  staff  of  President  McAneny's  de])artment.  Nat- 
urally it  met  strong  op]iosition  from  the  other  side. 

It  was  finally  decided  to  make  a  year's  test  of  the  Hall 
of  Records  plant,  which  would  include  the  loads  at  all 
seasons.  The  test  is  under  the  personal  direction  of  Pro- 
fessor Diederichs  of  Cornell  University  and  the  results 
will  he  sui)mitted  to  a  board  of  six  supervising  engi- 
neers; two  representing  the  Bureau  of  Municiiial  Re- 
search ;  two  the  City  and  two  the  New  York  Edison  Co. 

The  outcome  of  the  test  is  of  vital  importance  to  the 
oi)erating  engineers  as  well  as  to  the  city :  for  should  it 
be  adverse  to  the  isolated  ])lant  it  would  alfecl  the  ])o- 
sitions  of  many  employed  in  city  ]ihints. 

The  Flood 

It  is  good  to  be  alilc  tci  sny  that  the  fidiid  disasters  in 
the  Middle  ^\'est  are  not  so  serious  us  at  first  reported. 
While  the  loss  of  life  will  iindonbtedly  lie  in  the  hundreds, 
it  is  far  below  the  early  estimates.  In  OIiki  and  Indiana, 
the  ))ublic  utilities,  factories  and  agriruli  ural  interests 
have  suffered  the  most  damage. 

Too  much  cannot  be  said  in  jiraise  of  the  manufactur- 
ing and  snjiply  peo]ile  and  the  operating  compiinies  of 
other  sections,  for  without  their  (juick  a.ssistance  many 
l)o\ver  stations  would  still  be  helpless. 

'Vhv  loyalty  and  heroism  of  the  managers  and  opeiatixi's 
in  the  flooded  districts  preserved  numy  ])uhlic  utilities 
from  irreparable  loss.  This  devotion  to  duty  is  all  the 
more  praiseworthy  as  many  of  these  men  were  not  only 
in  grave  danger  while  sticking  to  their   posts,  but   they 


536 


P  0  \X  E  K 


Vol.  37,  No.   lo 


were  ignoraut  of  the  safety  of  their  families  and  homes, 
and  still  they  toiled  bravely  on. 

In  one  Indiana  lighting  plant  tlie  water  rose  to  within 
an  inch  of  the  fire-doors,  the  pnmp  and  condenser  pits 
were  filled,  and,  says  the  press  report,  "in  spite  of  all 
this  the  -plant  gave  continuous  service  throughout  the 
|>erilous  period."  Many  of  the  nicii  worked  sixty  and 
:3e\enty  hours  so  that  their  townsmen  and  the  industrial 
interests  would  not  suffer  a  greater  than  water  damage, 
and  the  cities  and  towns  officials  are  most  outspoken  in 
their  admiration  of  the  steadfastness  of  these  men  wln>, 
under  normal  conditions,  are  .-;eldom  given  any  piiMic 
recognition. 

The  optimism  and  resourcefulness  of  the  people  of  the 
Middle  West  can  do  much,  but  their  task  of  rehabilitation 
would  be  l^ar  more  difficult  if  outside  assistance  had  not 
come  from  other  sections.  Power's  cartoon  on  page  515, 
"Answering  the  Call  of  Industrial  Distress,"  portrays,  wo 
believe,  a  vivid  picture  of  that  army  of  eager  industrial 
>oldiers  wbich  marched  to  the  relief  of  the  storm-stricken 
cities. 

We  are  a  hopeful,  open-hearted  nation,  and  in  the  hour 
of  need  we  stand  ready  to  give  of  our  time,  our  skill 
and  our  money,  feeling  that  our  well-doing  is  sufficient 
compensation  therefor. 

Water-Povver   Development  by   New 
York  State 

Whether  Xew  York  is  to  commit  itself  to  a  jiolicy  of 
state  ownership  and  operation  of  power  plants  is  now  a 
bone  of  contention  at  Albany.  The  Mnrtaugb  bill  now 
before  the  legislature  provides  for  the  appropriation  of 
six  hundred  and  thirty-five  thousand  dollars  for  the  con- 
struction of  hydro-electrie  plants  at  the  new  barge-canal 
dams  in  the  Mohawk  River  at  Crescent  and  Vi.schers 
Ferry,  the  power  to  be  transmitted  to  Albany.  Troy.  Co- 
hoes  and  several  adjacent  towns. 

According  to  the  engineers  of  the  Conservation  Com- 
mission who  have  carefully  studied  the  problem,  it  will 
he  possible  to  develop  three  thousand  horsepower  con- 
tinuously at  each  dam,  and  with  suitable  pondage  facili- 
ties six  thousand  horsepower  could  be  produced  at  each 
place  (a  total  of  twelve  tliousand  horsepower)  for  use 
during  the  hours  of  peak  load,  for  every  day  in  the  year. 
Moreover,  Ihe  flow  is  said  to  be  such  as  to  make  available 
power  considerably  in  excess  of  this  during  ten  months 
of  the  year,  and  with  an  auxiliary  steam  plant  to  help 
out  during  the  dry  season  the  capacity  could  be  greatly 
increased. 

As  would  be  expected,  the  large  private  power  interests 
are  actively  opposing  the  passage  of  the  bill.  Through  a 
committee  of  the  Xational  Electric  Light  Association,  of 
which  Arthur  Williams  is  chairman,  they  have  protested 
before  the  legislature  in  an  effort  to  show  that  the  figures 
of  the  Conservation  Commission's  engineers  are  incor- 
rect, that  the  available  flow  would  not  warrant  the  in- 
stallation of  a  hydro-electric  plant,  and  that  the  state 
would  be  the  loser. 

This  might  be  mi.staken  for  a  s]dendi(l  example  of  pub- 
lic spiritedness  were  it  not  for  the  fact  that  the  same 
committee  recommends,  as  a  substitute,  legislation  per- 
mitting the  sale  of  this  and  other  state  water  powers  at 
public  auction  to  private  interests.     Surely  if  the  flow  is 


not  such  as  to  warrant  state  development  we  fail  to  see 
how,  except  by  a  miracle,  it  could  he  increased  under 
private  exploitation. 

As  to  the  expedieiu-y  of  state  or  municii)al  ownership 
of  power  plants,  opinion  is  divided.  Many  claim  that  it 
is  imijossible  to  keep  such  undertakings  free  from  politi- 
cal influenes,  yet  in  Europe  and  in  certain  cities  in  the 
AVest  and  South  \\c  ha\e  excellent  exam))les  of  what  car 
be  accomjilishcd  tliiough  efficient  municijial  operation. 

Again,  soine  contend  that  a  ])ublic-utility  corporation 
ol'i'rating  under  fraiKhise  in  a  i^rtain  locality  and  in 
(omplianee  with  local  regulations  shiudd  be  protected 
against  emnpetition.  This  is  ri-asniiahle  so  long  as  the 
eonipany  ((Hitiinies  to  give  adequate  service  at  reason- 
able rates  ami  does  not  attempt  discrimination.  The 
people  should  retain  the  right,  however,  to  stej)  in  with 
their  own  ])lant  just  as  soon  as  any  of  these  provisions 
are  violated.  While  it  might  not  always  be  advisable  to 
exercise  this  ])rerogative,  it  would  serve  as  a  pow-erful 
weapon  in  the  hands  of  the  people  to  guard  against  breach 
of  faith  on  the  pari  nf  puhli<-utility  corp(U'ations. 

In  Denver,  ('old.,  the  Citi/.i'iis'  l'roteeti\e  League  has 
been  organized  "to  elevate  the  tone  and  moral  standards 
of  the  news])apers  of  Colorado." 

Denver  is  some  distance  from  our  easy  chair  and  we 
are  not,  familiar  with  the  "\ieious  journalism"  that 
brought  this  league  into  existence.  We  can  well  imagine, 
however,  that  tlu'  conditions  were  unbearable,  for  only 
then  can  ihe  piihlie  be  aroused  to  action.  If  public  sen- 
timent could  only  be  stirred  up  in  behalf  of  legislation 
in  our  different  states  respect  inn'  boiler  inspection  and 
engineers'  licensing,  what  a  lug  thing  it  would  lie  for 
safety  to  life  ami  propeHy. 

While  it  cites  an  exaggerated  instance  of  incomi)etency, 
the  letter  on  page  537,  "Example  of  Poor  Engineering," 
bv  analogy,  is  an  argument  for  licensing  engineers  and 
inspecting  boilers.  I<]videiitly  state  legislation  might  even 
be  extended  to  cover  iiot-iuntse  installations.  At  any  rate 
the  experience  should  serve  as  a  warning  to  anyone  put- 
ting in  a  steam  plant  of  any  kind  that  it  is  economy  in 
the  long  run  to  I'niploy  qualified  designers  and  con- 
tractors. 

The  .story  is  told  of  an  engineer  who  complained  that 
recent  shipments  of  coal  recei\cil  were  not  near  as  good 
as  previous  shipments.  He  insisted  <iii  an  explanation 
and  the  coal  dealer  informed  him  as  follows: 

"Most  of  my  customers  up  your  way  purchase  their 
coal  on  a  heat-value  basis  and.  of  course,  they-  rejected 
their  last  lot,  so  I  had  to  send  it  to  you,  who  I  knew 
purchased  without  testing." 

The  English  author  of  the  article  on  "Some  Xotalile 
Boiler  Explosions,"  in  our  issue  of  Dec.  10,  evidently  bail 
not  read  the  entire  story  of  the  water-tube  boiler  explo- 
sion at  St.  Louis  some  years  ago.  It  was  shown  in  Powici; 
at  the  time  that  the  initial  break  occurred,  not  in  the  boil- 
ers themselves,  but  in  a  large  header  to  which  they  were 
connected,  and  upon  which  a  gang  of  men  were  at  work 
when  the  explosion  occurred.  Subsequent  expert  ex- 
amination confirmed  this  conclusion. 
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Example  of  Poor  Engineering 

Au  example  of  what  can  happen  when  incompetent 
men  laj"  out  even  a  small  plant  is  given  in  the  following ; 

For  heating  four  large  greenhouses,  there  were  three 
boilers,  each  12  ft.  by  52  in.,  fitted  with  ball-ajid-lever 
safety  valves  set  to  blow  at  50  lb. 

Unfortunately,  the  pipe  work  was  done  by  a  plumber 
whose  knowledge  of  steam  fitting  was  limited.  As  there 
was  no  provision  for  connecting  the  feed-water  line  to 
the  boilers,  he  connected  it  to  the  liottom  of  the  water 
columns.  There  was  no  blow-down  pipe  attached  t'^  the 
columns,  l)ul  a  pet-cock  on  the  bottom  gage-glass  cock 
was  used  for  this  purpose.  This  manner  of  piping  was 
suggested  by  the  architect  who  built  the  greeuhouses. 
'Ill  finding  that  the  water  level  disappeared  in  the  glass 

I  lie  feeding,  they  piped  the  line  in  through  the  blow- 
1  li  connection. 

Later  the  boilers  and  piping  were  put  in  service  to 
lest  for  leaks.  The  main  run  of  piping  was  over  600  ft. 
long,  and  as  no  proNision  for  expansion  had  been  made, 
the  end  of  the  greenhouse  was  pushed  out  and  nearly 
ever}-  joint  caused  to  leak  badly.  No  traps  were  installed 
to  assist  in  caring  for  the  returns.  The  return  water 
was  so  hot  that  the  pump  slipped  and  slammed  con- 
stantly  while   handling   it. 

As  the  stack  at  this  plant  was  very  short,  the  draft  was 
furnished  by  two  gas  engine-driven  fans.  But  with  these 
fans  the  di'aft  was  so  strong  that  the  fire-doors  soon 
warped  so  badly  that  they  could  not  be  closed  tightly, 
thus  admitting  too  much  air  over  the  fire. 

The  result  of  this  installation  was  that  the  entire  plant 
had  to  be  remoileled  at  considerable  expense,  all  of  which 
could  have  been  avoided  by  securing  competent  engineers 
to  supervise  the  original   installation. 

J.  M.  Owi:x. 

South   Wevmouth.   :Mass. 


Care  of  Oil  Piping 

Most    engines    in    modern    jxjwer    ]ilants   are    provided 

with  an  oiling  system  wiiich  may  give  trouble  from  the 

"MTflowing  of  the  oil  onto  the  floor  or  into  the  flywheel 

1   over  the  generator.     The  feed   lines  generally  give 

-  trouble  than  the  returns,  proliably  l)ccau.sc  the  oil 
is  usually  under  a  head  or  pressure  of  several  pounds 
This  alone  is  enough  to  wa.<li  away  small  obstructions. 
Another  reason  is,  tiiat  the  oil  has  just  been  filtered  and 
if  the  supply  tank  has  a  cover  tlierc  is  little  chance  for 
dirt  to  get  into  the  line. 

When  certain  grades  of  oil  are  used,  it  sometimes  haj)- 
pens  that  sediment  forms  in  the  pockets  of  the  feed  lines, 
obstrucling  the  flow.  Tf  possible  the  piping  should  l)e 
arranged  to  eliminate  pwkets,  but  in  existing  pipe  lines 
a  suitabl'  bloAvryff  can  often  be  placed  at  the  trouble- 
some [)oint  to  remove  the  sediment  from  time  to  time. 

Fig.   1  shows  a  ca.se  that  came  under  my  observation 


where  the  horizontal  line  A  became  plugged  with  a  thick 
substance  which  could  be  removed  only  by  drawing  a  swab 
on  a  wire  through  the  pipe.  Placing  a  blowoif  at  B 
relieved  the  troulile. 

When  the  engines  are  located  in  a  mill  or  other  ex- 
posed place,  the  oil  will  often  congeal  in  cold  weather  and 
clog  the  pipes.  A  small  steam  coil  in  the  supply  tank 
will  tend  to  relieve  this  trouble.     Care  should  be  taken 


Fig.  1.   Oil.  Pii'ixc  THKorcn  Fi.oi 


not  to  let  the  oil  get  too  hot  as  it  will  lose  its  viscosity, 
and  some  of  it  may  be  evaporated  and  form  an  ex- 
plosive vapor. 

In  some  cases  a  small  steam  pipe  is  placed  along  both 
sides  of  the  oil  line  as  in  Fig.  2.  The  steam  piping,  how- 
ever, often  gives  as  much  trouble  as  the  oil  line  itself. 
There  is  so  much  more  piping  to  dismantle  when  mak- 
ing repairs,  and  the  small  leaks  are  a  constant  annoy- 
ance. In  severe  weather  I  have  seen  a  V^-in.  steam  pipe 
freeze  at  the  low  point  of  the  line.  As  the  pipes  for 
the  most  part  are  hot,  they  interfere  with  wiping  the 
engine. 

Another  point  to  remember  is  to  avoid  the  use  of  rub- 
ber, as  leaks  are  sure  to  develop.  Sometimes  these  leaks 
are  under  the  floor  out  of  sight  so  that  a  large  loss  of 
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oil  is  possible  before  the  leak  is  detected.  There  are  sev- 
eral types  of  unions  on  Ihe  nuirket  having  brass  seats, 
and   for  flanges  sheet   lead   makes  an   excellent  joint. 

The  drain  lines  of  an  engine  generally  give  the  most 
trouble  from  stopjjing  up  and  'ausiiig  the  oil  basin  or 
crankjjit  to  overflow.  Wherever  possible  long  bends  should 
be  used.  When  the  piping  is  to  conform  to  the  shaiic 
of  the  engine  or  foundations  use  a  cross  with  two  plugs 
instead  of  an  ell  or  a  tee  with  one  plug.  It  will  tlien 
be  possible  to  blow  out  ol)structions  with  an  air  hose, 
steam  jet  or  even  an  ordinarv  hand  lii'llow<. 
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Oil  pipiQg  should  never  be  imbedded  in  cement  floors. 
Where  the  piping  passes  through  the  floor,  a  piece  of 
pipe  of  larger  diameter  should  be  inserted.  The  ce- 
ment is  then  imbedded  against  the  outer  pipe  and  the 
oil  line  can  be  readily  removed  when  necessary. 

A  great  deal  of  trouble  from  plugged  drains  can  be 
avoided  by  frequent  cleaning  of  the  pits  under  the  crank 
and  eccentric  and  back  of  the  guides.  Small  pieces  of 
packing  will  sometimes  blow  out  and  bits  of  waste  fall 
in  while  wiping.  A  piece  of  screen  over  the  end  of  the 
pipe  will  stop  much  of  it  from  entering  the  pipes. 

Lee  Gkandmontague. 

Youngstown,  Ohio. 


Flue-Gas   Sampler 

In  our  boiler  room  is  a  galvanized-iron,  flue-gas  sam- 
pler that  is  not  expensive  to  make  and  collects  a  fairly 
average  gas  sample. 

The  outer  tank  is  2  in.  larger  in  diameter  and  II/2  i"- 
higher  than  the  inner  one.  This  allows  1  in.  of  water 
around  and  on  top  of  the  inner  tank  for  a  water  jacket. 


To  Uptake, 
or  Boiler 


Gas  Discharge  io    Cs 
Analysis  Insfrumenf . 


Flue-G.vs  SAirrLER 

One  bottom  answers  for  both  tanks.  If  it  is  set  on  a  wood 
shelf  without  any  large  cracks  between  the  boards,  the 
shelf  will  act  as  an  insulator  for  the  bottom. 

Water  is  admitted  and  discharged  through  a  connec- 
tion at  the  bottom;  gas  is  drawn  in  and  discharged 
through  a  connection  at  the  top.  To  fill  with  water,  either 
valve  ^4,  5  or  C  is  opened  and  the  valve  E  is  closed,  then 
the  valve  D  is  opened.  Water  will  rise  in  the  gage-glass 
as  the  tank  fills.  The  top  of  the  glass  should  be  a  little 
higher  than  the  top  of  the  inner  tank,  but  not  as  high 
as  the  cross  tee  G.  This  will  allow  the  water  to  overflow 
through  the  glass  if  D  is  left  open  too  long  without  let- 
ting the  oil  film,  which  is  maintained  between  the  gas  and 
water,  to  waste  away  through  the  valves  A,  B  or  G.  This 
arrangement  also  prevents  the  operator  from  rupturing 
the  tank  by  an  excessive  water  pressure  if  the  valve  D 
were  opened  when  the  valves  A,  B,  G,  and  cock  E  were 
closed. 

To  put  the  sampler  in  operation  after  the  tank  is  filled 
with  water,  the  valve  A  is  opened  and  the  pet-cock  C 


closed,  then  the  ejector  is  started  by  opening  the  valves 
F  and  B.  By  observing  the  water  level  in  the  gage-glass 
before  and  after  opening  the  valve  B,  it  is  easy  to  deter- 
mine the  vacuum  created  by  the  ejector.  After  the 
ejector  has  discharged  all  the  air,  the  valves  B  and  F 
are  closed  and  the  valve  E  opened. 

A  short  piece  of  pipe  H  is  threaded  on  one  end  ar.  / 
]ilugged  with  soft  metal.  The  plug  has  a  small  hole, 
drilled  through  it,  the  diameter  depending  upon  the  rate 
at  which  the  water  is  to  be  discharged  from  the  tank.  We 
have  a  set  of  these  parts  with  various  sizes  of  holes  tested 
for  various  lengths  of  time,  so  that  while  operating  the 
cock  E  is  left  wide  open. 

To  draw  out  a  sample  for  analysis  the  cock  E  and  valve 
A  are  closed.  The  analysis  instrument  is  connected  to 
the  cock  C  and  when  the  valve  D  is  opened  enough  to 
raise  the  water  in  the  gage-glass  a  little,  it  puts  a  slight 
pressure  on  the  gas  and,  by  opening  the  cock  G,  the  gas 
is  forced  to  the  instrument. 

As  there  are  no  means  for  maintaining  a  constant  dis- 
charge of  gas,  the  discharge  line  should  be  made  as  long 
as  possible.  This  makes  a  smaller  proportional  differ- 
ence in  pressure,  due  to  the  varying  head  of  water  in 
the  tank. 

The  ejector  was  made  by  soldering  the  end  of  a  seam- 
less spout  into  the  end  of  a  1/4  and  %  by  y^-in.  tee. 

L.  B.  Case. 

Plamfield,  X.  J. 


Available  CO2  Percentages 

During  the  past  year  a  numl)er  of  articles  have  ap- 
peared in  Power  relative  to  flue-gas  analysis.  The  vari- 
ous writers  mentioned  results  they  obtained  and  the  per- 
centages of  t'Oj  they  secured,  but  failed  to  mention  how 
a  certain  percentage  in  a  certain  plant  burning  a  certain 
grade  of  fuel  is  determined. 

Xor  did  the  articles  I  have  read  mention  the  relation 
of  CO^  to  any  particular  grade  of  coal.  There  are  a 
number  of  engineers  who  are  commencing  to  use  the 
Orsat  apparatus  or  flue-gas  recorders,  and  who  are  trying 
to  obtain  some  of  the  percentages  they  have  been  reading 
about,  without  knowing  that  that  percentage  is  not  in 
the  grade  of  fuel  that  they  are  using.  They  are  trying 
to  get  something  that  is  not  there. 

A  quantity  of  pure  carbon  burned  under  laboratory 
conditions  would  only  result  in  81  per  cent.  COj,  in  other 
words,  21  per  cent,  is  the  theoretical  maximum  percent- 
age of  COj.  The  theoretical  percentage  of  CO,  in  a 
given  grade  of  coal,  can  be  determined  approximately,  by 
multiplying  the  theoretical  maximum  (21)  by  the  per- 
centage of  fixed  carbon  in  the  fuel.  Thus,  a  grade  of  coal 
containing  70  per  cent,  fixed  carbon  has  approximately 
0.70  X  21  =  14.7  per  cent.  CO, 

The  percentage  of  CO,  that  should  result  from  the 
above  sample  of  coal  under  everyday  conditions,  would 
then  have  to  be  determined  by  practical  experience.  I 
would  say  with  tight  boiler  settings,  properly  designed 
furnaces  and  good  judgment  on  the  part  of  the  fireman, 
10  per  cent,  would  be  a  good  everyday  average  for  the 
sample  mentioned. 

It  must  also  be  remembered  that  the  percentage  of  CO, 
in  itself,  is  not  always  an  indication  of  efficiency.  There 
may  also  be  present  CO  or  carbon  monoxide.     The  pres- 
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ence  of  this  gas  in  any  quantity  is  absolutely  detrimental 
to  efficiency.  Carbon  when  burned  to  CO,  (laboratory 
conditions)  will  give  14r,oOO  B.t.u.  per  lb.  approximately. 
When  burned  to  CO,  the  result  will  be  only  about  4-100 
B.t.u.  per  lb.  As  the  object  is  to  obtain  the  greatest  pos- 
sible number  of  heat  units  from  a  fuel,  it  will  easily  be 
understood  why  CO,  alone  is  no  positive  indication  of 
good  management  or  efficiency. 

The  sample  should  also  be  analyzed  for  CO. 

Brooklyn,  X.  Y.  -V.   Pohlm.vx. 

Fixing  Worn  Latch  Blocks 

Frequently  the  steel  latch  blocks  B  on  the  grab-hooks 
of  Corliss  engines  become  worn  enough  to  cause  an  in- 
termittent valve  action,  which  is  very  troublesome. 

This  trouble  may  be  temporarily  overcome  by  inserting 
a  wooden  wedge  under  the  spring  at  A;  the  increased  ten- 
sion causes  the  steel  latch  block  to  engage  deeper  in  the 
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Wedge  uxder  Sprixg  M.\kes  Woex  Gr-vh-Hook 
Block  Eng.vge 

bell  crank  and  the  engine  can  be  operated  without  inter- 
rui)tion  for  a  reasonable  time,  or  until  new  blocks  can  be 
put  in. 

By  notching  the  wedge,  as  shown,  and  driving  it  in  un- 
til the  spring  sets  in  the  notch,  the  wedge  will  remain 
under  the  spring  indefinitely. 

Louisville,  Ky.  ■'.  I".  IIihst. 

Exhaust    Pipe    and  Vacuum  Questions 
for  Discussion 

.'\  discussion  in  I'owKH  as  to  what  constitutes  a  com- 
mercially tight  e.xhaust-pipe  line  between  the  condenser 
and  the  low-pre.«surc  steam  cylinder,  we  believe  would 
be  of  interest.  Also  what  should  be  the  drop  per  min- 
iiti'  in  vacuum  in  this  line,  the  engine  not  running,  a 
\a(uum  of  26  in.  existing  in  tlie  pipe  and  the  valve  at 
the  condenser  cio.sed  ? 

We  wish  to  secure  the  ojiinion  of  eiigiiu^ers  who  are 
considered  authorities  on  the  aliove  siit)ject,  also  to  see 
liow  their  opinions  coincide  with  our  own. 
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The    accompanying    illustration 
haust-pipe  installation. 
Pitchburg,  Mass. 
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Gate  Valve  Repair 

In  the  following  is  described  a  repair  to  a  2i/^-in.  gaie 
valve  used  as  a  second  valve  on  the  blowoff  pipe  of  a 
boiler,  an  angle  valve  being  between  it  and  the  boiler. 
One  day  when  attempting  to  blow  down  the  boiler  the 
valve  would  not  open,  although  the  handwheel  turned 
freely.  It  was  supposed  that  the  stem  was  broken,  but 
on  removing  the  bonnet  it  was  found  that  the  threads  at 


How  THE  Valvi:  Stem  Was  T?EP\ii!En 

the  lower  end  of  the  stud  had  stripped  until  they  were 
useless.  The  stem  was  removed,  sawed  off  about  three- 
quarters  of  an  inch  from  the  lower  end,  which  removed 
all  of  the  damaged  threads:  the  collar  on  tlie  upper  part 
of  the  stem  was  also  removed. 

Then  a  -^-in.  hole  was  drilled  above  the  collar  and  a 
pin  driven  through  it.  This  pin  served  the  purpose  of 
the  collar  and  allowed  the  stem  to  go  further  down  in 
the  valve  body  until  the  threads  would  engage  with  the 
valve  disk,  as  shown  in  the  illustration. 

J.  J.  Ua.msey. 

Wellington,  Kan. 
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Safe  Piping  for  Boiler  Plants 

Tlie  article  by  D.  M.  Meyers,  under  the  above  title,  in 
the  Dee.  10  issue,  was  read  with  inture.st.  I  believe  the 
layout  shown  by  him  is  all  that  he  claims  for  it  and  alsc 
concur  with  him  in  his  remarks  on  safety  and  efficiency. 

In  his  illustration  of  the  connection  from  the  boiler  to 
the  header,  there  are  two  things  with  which  I  should  deal 
.somewhat  differently.  In  submitting  them,  I  wish  to  be 
understood  as  not  criticizing  Mr.  Meyers,  but  as  present- 
ing another  view. 

I  would  use  5-m.  piping  and  valves  instead  of  6  in. 
for  the  connections  for  the  'JS-in.  by  20-ft.  boilers.  This 
gives  a  slightly  more  flexible  construction  and  the  first 
cost  of  material  is  less. 

Also  the  5-in.  reverse-current  or  nonreturn  stop  valves 
will  be  found  to  give  more  satisfactory  service  on  boilers 
of  this  size  than  the  6-in.,  because,  being  of  less  area 
through  the  port,  the  disk  will  rise  higher  from  its  seat 
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and,  combined  with  the  more  constant  rate  of  flow  of 
steam,  there  will  be  less  tendency  for  the  valve  disk  to 
float  up  and  down  at  each  stroke  of  the  engine. 

Using  a  valve  larger  than  required  has,  to  my  knowl- 
edge, been  the  cau.se  of  several  nonreturn  valves  of  re- 
liable make  being  condemned.  The  continual  movement 
induced  by  the  pulsating  flow  soon  wears  the  dashpot  and 
allows  the  valve  to  beat  itself  to  pieces. 

I  have  used  5-in.  connections  on  8-1-in.  boilers  and  when 
working  them  to  overload  limits  have  failed  to  discover 
a  measurable  loss  of  pressure  between  the  boiler  and  the 
header.  For  valves  like  that,  and  piping  between  the 
boiler  and  the  header,  as  shown  in  Mr.  Meyers'  illustra- 
tion, I  prefer  using  tw'o  angle  valves  rather  than  globe 
valves,  or  a  gate  and  a  globe  valve.  Some  makes  of  these 
are  identical  in  dimensions,  differing  only  in  internal 
construction,  adding  symmetry  to  the  job. 

The  advantages  of  this  arrangement  are  that  there  are 
two  less  flanged  joints,  the  valves  taking  the  place  of  the 
elbows;  there  is  a  longer,  hence  more  flexible,  piece  of 
pipe  for  the  horizontal  member,  and  there  will  be  less 
friction  with  the  steam  passing  through  two  angle  valves 
than  through  two  globe  valves.    Also  the  draining  of  the 


pijiing  is  better  done  at  times  of  banked  fires  or  dead 
boilers,  with  the  nonautomatic  valve  left  open,  which  is 
usually  the  practice  when  the  automatic  valve  is  tight,  as 
there  is  a  chanOe  for  water  to  accumulate  Ijetween  two 
globe  valves  on  a  horizontal  line.  A  drip  between  the 
valves  is  a  wise  precaution,  however,  and  should  always 
be  a  part  of  the  piping. 

Charles  L.  Wake. 
Jlavnard.  Mass. 


Efficiency  and  Repair  Costs  of  Fuel 
Economizers 

Referring  to  the  interesting  article,  '"When  to  Install 
a  Fuel  Economizer,"  by  Everard  Brown,  in  the  Dec.  31 
issue,  I  would  offer  the  following  comment  without  in- 
tending any  special  antagonism.  Having  installed  many 
.separate  economizer  equipments  in  this  country  during 
a  period  of  20  years,  I  believe  I  am  competent  to  speak 
from  the  practical  standpoint   of  experience. 

Nearly  every  writer  credits  the  economizer  with  only 
the  theoretical  efficiency,  due  to  the  heat  units  recovered 
and  put  into  the  feed  water  by  its  use,  while  it  is  seldom 
that  the  economizer  saving  under  ordinary  operating  con- 
ditions does  not  reach  a  much  higher  percentage.  George 
H.  Barrus,  after  testing  many  plants  with  and  w-ithout 
the  economizer  service,  stated  to  me  that  he  came  to 
the  conclusion  that  results  showed  that  approximately  8 
deg.  rise  in  feed-water  temperature  equalled  1  per  cent, 
of  fuel  saving.  Another  expert,  F.  W.  Dean,  obtained 
14  per  cent,  saving  with  125  deg.  rise  at  another  plant 
and  many  similar  results  by  the  ablest  experts  in  the 
country  have  invariably  shown  the  same  proportion.  The 
aiis\ver  to  why  this  is  true  may  be  readily  accounted  for 
l)y  any  of  the  various  following  reasons : 

Perhaps  the  draft  is  automatically  diminished  for  the 
smaller  amount  of  fuel  required  with  the  economizer, 
making  a  consequent  less  excess  of  air  and  better  fur- 
nace combustion.  Or  the  reduced  work  on  the  boilers 
leaves  them,  how-ever,  with  the  same  heating  surface  to 
perform  less  duty  and  hence  they  are  more  efficient.  The 
purer  water  obtained  by  the  use  of  the  economizer  is  more 
efficiently  evaporated.  The  frequent  need  of  another 
boiler  to  suj)ply  merely  an  extra  half  or  quarter  boiler 
output,  is  obviated  with  the  economizer  service. 

In  regard  to  the  charges  against  the  economizer,  it  is 
not  necessary  to  theorize,  as  there  are  60  and  more  years 
of  experience,  which  is  enough  to  know  accurately  what 
these  charges  are. 

Repairs — I  recently  went  through  my  repair  book,  tak- 
ing everything  for  the  year,  and  found  less  than  0.2  of 
1  per  cent,  on  over  two  million  dollars'  worth  of  installa- 
tions. Many  of  the  machines  were  20  to  30  years  old. 
As  this  account  included  labor  costs,  there  could  be  very 
little  aside  from  this  that  the  owners  could  have  done 
themselves. 
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At  tendance — Attendance  is  only  required  for  blowing 
off  daily  and  removing  the  soot  once  a  week,  which  takes 
about  two  to  three  hours.  As  I  have  never  known  a  ease 
of  any  increase  in  the  regular  payroll  for  economizer 
work,  1  per  cent,  to  this  item  would  seem  more  than 
ample.  Even  this  would  seem  to  be  offset  entirely  if 
there  is  less  ijoiler  cleaning  and  much  less  coal  and  ashes 
handled  as  is  usually  the  case. 

From  the  above  it  would  seem  justifiable  to  call  rc[)airs 
niid  attendance  2  per  cent.,  interest  5  per  cent.,  and  de- 
preciation 5  per  cent.,  or  13  per  cent,  to  cover  all  annual 
charges  against  the  economizer  cost.  Economizers  have 
been  installed  which  have  been  in  service  night  and  day 
and  have  never  had  any  attention  until  something  hap- 
pened and  thus  on  the  whole  incurred  more  e.xpen.se  than 
others,  but  these  were  included  in  the  whole  repair  ac- 
count which  figured  as  I  stated,  so  such  exceptions  would 
clearly  prove   the   rule  to  be   right. 

H.  (i.   BlilXCKERHOFF. 

Boston.  Mass. 


Isolated  Plant  vs.  Central    Station 

When  the  engineer  becomes  more  familiar  with  the 
question,  I  cannot  see  why  it  cannot  be  settled  definitely 
111  favor  of  either  the  central  station  or  the  isolated  plant, 
without  argument.  Although  these  arguments  Ijring  out 
facts  that  are  of  value,  Mr.  Lewis'  statement  in  the  Jan. 
7  issue  show.^  lack  of  equity.  It  is  evident  that  in  the 
building  to  wiiich  he  refers  the  load  conditions  are  pe- 
culiar, but  no  more  so  tlian  are  evident  in  all  office-build- 
ing plants,  although  greatly  modified. 

As  Mr.  Lewis  is  evidently  promoting  central-station 
interests  he  has  to  consider  that  the  conditions  mentioned 
also  e.\ist  in  the  central-station  load  factor.  If  the  build- 
ing referred  to  were  in  Boston,  something  would  be 
wrong,  unless  the  central  station  gives  rebates  for  base- 
ment room  or  for  other  privileges. 

If  the  Boston  Edison  Co.  were  installing  a  loO-kw.  ser- 
\ice  in  the  building  referred  to  it  would  cost  $432.50 
]icr  month,  or  ^ollio  jxr  j'ear,  for  a  fixed  ihargc,  whether 
current  wen;  usetl  or  not,  making  the  fixed  charge  $2790 
more  per  year  than  the  $2400  as  charged  against  the  iso- 
lated ])lant  l)y  Mr.  Lewis,  which  is  erroneous,  because  he 
states  $20,000  rcjiresented  the  apijroximate  sum  total  of 
;i!!  the  material  and  labor  which  would  enter  into  the 
installation  of  the  ])laiit.  This  being  so,  he  charges  5  per 
cent,  for  depreciation  ;iiid  2  ])er  cent,  for  repairs  on  money 
.-pent  for  labor  for  wjiich  only  interest  should  l)e  allowed. 

Then  the  cost  of  electricity,  according  to  schedule  "D" 
of  the  Bo.ston  Edison  Co.,  which  would  be  five  cents  on 
tlie  first  1500  kw.-hr.  and  three  cents  for  the  remaining 
266fi  kw.-hr.,  would  aggregate  $li;4.9S.  A  fixed  charge 
of  $4:52.50,  as  before  stated,  would  give  a  total  of  $5S7. 18 
|>er  month.  This  dividt'd  by  the  kilowatt-hours  coiistiiiied 
woultl  give  a  cost  of  l4c.-(-  per  kw.-hr.  This  amount  of 
electrical  energy  would  be  obtained  for  10c.  per  kw.-hr. 
on  a  straight  lighting  rate.  Some  difference  lietween  the 
Mctual  cost  and  Mr.  Lewis'  4.8c.  per  kw.-hr. 

More  laijor  would  l)e  unnecessary  and  the  extra  coal 
used  during  the  summer  months  would  not  be  very  much, 
because  th?  days  are  long  and  but  little  light  would  be 
used.  Diiring  the  winter,  when  the  peak  load  is  notice- 
able, the  exhaust  can  be  partly  used  for  heating  purposes. 


Various  other  erroneous  assumptions  are  noticed,  but 
what  is  the  use  of  saying  more. 

M.  W.  Eastman. 
Cambridge.  Mass 


Some  interesting  statements  are  made  by  Mr  Lewis. 
For  instance,  he  says  they  operate  their  own  hydraulic 
steam  pump,  and  heat  the  building  with  direct  radiation. 
It  must  be  taken  for  granted  that  a  boiler  plant  is  already 
installed,  therefore,  a  certain  amount  of  coal  must  be  con- 
sumed to  operate  the  appliances  mentioned.  Hence  this 
expense  cannot  be  charged  to  the  electrical  plant.  Further- 
more, Mr.  Lewis  says  the  approximate  cost  would  be  $20,- 
000  for  one  25-kw.  and  two  100-kw.  machines.  I  do  not 
know  on  what  he  bases  his  figures,  but  I  am  free  to  say 
that  amount  can  be  divided  by  two  with  safety  and  still 
have  a  margin  left. 

Xow  gettmg  down  to  some  kind  of  a  basis.  Say  the 
plant  requires  ten  tons  of  coal  per  day  to  operate  the  ma- 
chinery in  the  building  prior  to  the  time  this  estimate  was 
made,  and  they  then  install  three  generating  machines, 
and  produce  the  electrical  energy  used  in  the  building, 
how  much  more  coal  would  be  consumed  and  how  much 
more  help  would  be  required?  According, to  his  own  fig- 
ures, 50,000  kw.-hr.  was  purchased  per  year,  or  about  137 
kw.-hr.  per  day,  365  days  per  year.  With  an  uptodate 
outfit,  a  kilowatt-hour  can  be  produced  with  8  lb.  of  coal. 

8   X   137  =  1096  lb. 

Call  it  1200  lb.  at  $2.50  per  ton;  then  it  would  be  $1.50 
per  day.  Take  the  cost  of  the  new  installation  at  $10,000 
and  allow  5  per  cent,  depreciation ;  this  with  6  per 
cent,  interest  on  the  capital  invested  would  make  a  final 
charge  of  $1100  for  the  first  year.  Depreciation  must 
be  credited  back  to  the  original  investment  and  it  will 
be  less  each  year,  consequently  the  first  charge  of  $1100 
must  be  less  every  year.  Depreciation  and  interest  would 
be  about  $3  per  day;  this  added  to  coal  cost  is  $4.50. 

Now  to  be  fair  to  the  electrical  end  of  the  plant  we  must 
credit  back  to  it  the  total  expense  of  operation  prior  to 
the  installation  of  this  part  of  the  plant  which  with  the 
data  given  cannot  be  done,  but  it  is  safe  to  say  we  would 
get  our  current  for  almost  nothing. 

The  following  are  accurate  data  pertaining  to  one  iso- 
lated plant.  It  consists  of  three  direct-connected  units; 
one  35-kw.,  and  two  125-kw.,  three-wire  machines.  The 
original  cost  was  $17,000. 

For  the  month  of  last  Xovember  there  was  produced 
36,635  kw.-hr.  This  generated  at  0.025c.  per  kw.-hr. 
(central-station  rate  here)  would  be  $915,875.  There 
was  934,373  lb.  of  condensation  from  the  heating  system 
which  at  the  central-station  rate  of  35c.  per  1000  lb. 
would  cost  $327.03.  This  added  to  the  charge  for  current 
would  be  $1242.90.  The  cost  of  operation  was  $728.56, 
not  including  taxes,  which  are  taken  care  of  in  the  in- 
terest charged.  This  deducted  from  the  earnings,  if  the 
current  and  steam  were  sold  at  prevailing  rates,  leaves 
$514.34  profit  for  the  plant.  The  foregoing  figures  are 
accurate,  as  all  current  is  metered,  coal  and  ashes  weighed, 
water  metered  and  the  condensation  is  metered.  All 
tTicters  are  read  every  six  hours. 

If  this  showing  can  l)e  made  in  one  plant  there  is  no 
reason  why  it  should  not  be  done  in  others.  The  main 
thing  for  the  engineers  to  do  is  to  establish  a  form  of 
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accurate  records,  get  yearly  data  and  have  it  ready  for 
the  central-station  man   when  he  comes. 

P.  J.   Hickman. 
Erie,  Ponn. 


Mr.  Lewis'  facts  are  so  few  that  it  is  difficult  to  make 
an  intelligent  analysis  of  his  case.  He  does  not  state  in 
what  section  of  the  country  his  building  is  located,  but 
ordinarily  the  lighting  load  creeps  up  very  rapidly  in  the 
winter  months,  beginning  a  little  before  four  o'clock. 

Evidently  the  building  has  the  advantage  of  unob- 
structed light  on  four  sides,  and  no  inside  offices,  as  the 
claim  is  made  that  the  lights  are  used  only  for  halls  and 
elevator  shafts  until  five  o'clock  in  the  evening. 

He  does  not  state  whether,  from  lack  of  forethought 
or  otherwise,  the  owners  or  designers  of  this  building  in- 
stalled low-pressure  boilers  for  heating  purposes,  as  un- 
fortunately is  often  the  case,  notwithstanding  the  fact 
that  the  cost  of  high-pressure  boilers  is  only  a  trifle 
greater.  Even  estimating  it  was  necessary  to  install  new 
boilers  to  operate  the  proposed  plant,  he  evidently  has 
some  very  extraordinary  conditions  to  overcome,  to  re- 
quire an  expenditure  of  $20,000. 

It  is  reasonable  to  assume  that  two  75-kw.  and  one  2.5- 
kw.  units  would  be  ample  to  meet  his  requirements,  par- 
ticularly, as  he  states  the  maximum  load  would  be  of 
such  short  duration.  The  ordinary  installation  of  a  gen- 
erator plant  m  a  new  building  that  would  amply  meet 
conditions,  such  as  stated,  should  cost  less  than  $10,000, 
which,  even  with  such  a  very  low  power  factor,  would 
bring  the  ILxed  charges  down  to  2.-lc.  per  kw.-hr. 

Harry  J.  Marks. 

New  York  City. 

Self  Instruction  in  Engineering 
Mathematics 

In  your  editorial  in  the  Feb.  18  issue  on  the  above  sub- 
ject, the  statement  is  made  that  it  is  ouly  of  late  that 
books  have  been  available  from  which  a  man  of  ordinary 
intelligence  could  learn  the  essentials  of  higher  mathe- 
matics, particularly  as  it  relates  to  engineering.  A  man 
who  is  past  middle  age  and  whose  education  has  been 
neglected  has  quite  an  ordeal  before  liim  should  he  at- 
tempt to  get  an  insight  of  the  higher  mathematics  from 
most  of  the  textbooks  published  on  that  subject  nowa- 
days. I  have  a  good  library  of  mathematical  works,  some 
of  which  were  printed  one  hundred  years  ago.  Also  many 
which  were  published  in  1911  and  1913  and  from  a  com- 
parison of  the  earlier  with  the  later  ones,  I  would  state 
that  the  man  who  is  striving  to  educate  himself  would 
learn  more  with  less  effort  from  those  works  published 
sixty  years  ago. 

The  names  of  modern  writers  on  mathematics  are  le- 
gion, and  99  per  cent,  of  their  works  is  entirely  worth- 
less to  the  man  who  must  instruct  lumself . 

The  writer,  himself  a  burner  of  the  midnight  oil,  would 
recommend  the  following  works  to  those  who  are  trying 
to  better  their  condition:  Eaton's  "High  School  Arith- 
metic" ;  Loomis'  "Algebra" ;  Eay^s  "Higher  Algebra" ; 
Bonnycastle's  "Mensuration"  ;  Loomis'  "Trigonometry"  ; 
Blanchet's  "Legendre" ;  Loomis'  "Elements  of  Analytical 
Geometry";  Ball's  "Applied  Mechanics";  Olmsted's 
"Philosophy" ;  Olney's  "General  Geometry  and  Calculus." 


The  above  with  the  valuable  aid  of  Power  will  advance 
any  student  far  beyond  his  fondest  expectations. 

James  McClure. 
Fletcher,  X.  C. 

Four-pass  Boilers 

I  have  been  very  much  interested  in  the  discussions  in 
Power  in  regard  to  the  number  of  passes  in  horizontal 
water-tube  boilers.  It  seems  to  me  that  in  a  discussion 
of  this  kind  we  should  assume  a  broader  scope  to  draw 
any  value  from  our  conclusions. 

In  the  Feb.  25  issue  of  Power  one  writer  takes  as  an 
example  a  boiler  operating  at  normal  load  and  shows  that 
witli  the  gas  temperatures  obtained  with  a  boiler  so  op- 
erated there  is  no  saving  by  adding  an  extra  pass. 

The  tendency  now  seems  to  be  to  force  the  boilers,  i.e., 
run  considerably  over  rating.  Some  of  the  best  known 
stoker  builders  make  a  point  of  the  overload  capacity  of 
their  stokers.  With  boilers  using  forced  draft  and  operated 
at  from  150  to  250  per  cent,  of  rating,  the  gas  tem- 
peratures in  the  first  pass  would  be  from  1000  to  1200 
deg.  instead  of  800  deg.  as  figured  at  rating,  which  would 
result  in  increasing  stack  temperatures  above  500  deg. 

In  a  case  of  this  kind  it  would  seem  that  the  four-pass 
idea  could  be  used  possibly  by  decreasing  the  jjass  areas 
and  giving  the  gases  a  longer  travel  over  the  cool  tubes 
before  reaching  the  stack.  This  would  decrease  the  stack 
temperatures  as  well  as  increase  the  efficiency  of  the  boiler 
by  the  greater  heat  transfer  between  the  gases  and  steam 
due  to  the  increased  velocity  of  the  gases.  At  just  what 
point  the  gain  to  be  realized  will  be  offset  by  increased 
trouble,  due  to  leaky  baffles,  would  have  to  be  determined 
by  experience,  but  my  opinion  is  that  boiler  companies 
will  guarantee  tight  baffles  at  a  considerably  greater  pres- 
sure of  gases  than  is  common  in  most  boilers. 

When  it  is  known  boilers  are  to  be  run  over  rating,  a 
point  which  should  not  be  overlooked  in  design  is  ample 
clearance  space  between  the  fire  and  lower  row  of  tubes, 
as  otherwise  the  gases,  with  their  increased  velocity,  will 
reach  the  cold  boiler  tubes  and  become  chilled  before  com- 
plete combustion  takes  place  and  the  result  will  be  an 
excess  of  black  smoke  coming  from  the  chimney.  I  be- 
lieve ample  space  between  the  tubes  and  fires  is  a  much 
more  effective  way  to  obtain  complete  combustion  than  a 
scheme  of  horizontal  baffling  along  the  lower  tubes,  sucli 
as  is  shown  in  the  Mar.  11  issue,  page  328.  The  objec- 
tion to  the  way  of  baffling  is  that  besides  causing  pockets 
for  dead  gases  over  the  lower  baffle  and  tinder  the  upper 
baffle,  it  causes  the  gases  to  flow  parallel  to  the  tubes  and 
is  not  as  efficient  as  if  the  gases  impinged  on  the  tubes 
at  riglit  angles  to  them. 

Such  baffling,  besides  being  very  severe  on  the  tile,  as 
the  writer  points  out,  throws  the  gases  toward  the  front 
header  and  subjects  that  to  very  severe  conditions.  If 
the  boiler  is  so  placed  that  sufficient  space  is  not  available 
tor  good  combustion  under  the  tubes  it  would  be  better 
to  extend  the  front  of  the  setting  rather  than  try  and  get 
the  Dutch-oven  effect  under  the  first  pass,  I  do  not  wish 
to  be  understood  as  advocating  a  high  overload  on  boilers, 
especially  when  economy  of  operation  is  a  factor,  but 
knowing  that  boilers  are  so  operated,  I  am  merely  offer- 
ing a  suggestion  as  to  how  to  increase  their  efficiency. 

L.  P.  St.  Cyr. 

Dansville.  N.  Y. 
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Calking-  Butt  Strap — If  a  butt  strap  on  a  boiler  is  leaking^ 
should    it    be    calked    on    the    outside    or    inside? 

R.    W.    B. 

All    calking   should    be    on    the   outside,    because   it   will    not 
spring   the   shell   so    much   as   the   inside   strap   is   much   wider. 


LoiTerlng  Receiver  Pressure — Ho"w  can  the  pressure  in  the 
receiver  of  a  compound  engine  be  lowered  without  lifting  the 
relief    valve? 

E.   M.  T\'. 

By  lengthening  the  low-pres.^ure  cutoff,  causing  the  low- 
pressure   cylinder   to   take   more   steam. 

Pump  Delivery  Asaln!<t  Dillerent  Pressures — Will  a  pump 
discharge  the  same  quantity  of  water  against  a  pressure  of 
100  lb.  as  it  will  against  10  lb.  if  the  piston  speed  remains 
unchangd? 

C.    S. 

The  amount  of  water  delivered  is  independent  of  the  dis- 
charge   pressure    if    the    piston    speed    and    slip    are    the    same. 


Eni^ne  Efficiency — What  Is  the  efficiencj'  of  an  engine 
when  its  indicated  horsepower  is  563.74  and  its  brake  horse- 
power    484.25? 

E.    S. 
The    mechanical    efficiency    of    the    engine    is 
4S4.25 

=    0.S59    =    85.9   per  cent. 

563.74 


.Absolute  Condenser  Pressure — When  a  vacuum  gage  on  a 
condenser  shows  27  in.,  what  is  the  absolute  pressure  within 
the   condenser? 

S.    E. 
Assuming    that    the    atmospheric    pressure    is    14.7    lb.    per 
sq.in..    the    absolute    pressure    corresponding    to    a    vacuum    of 
27   in.   is 

14.7  —   (27    X    0.49)    =    1.47   lb. 
0.49  is   the   pressure    corresponding  to    1    in.    of   mercury. 

Water  Head  for  .\tniospherio  Pressure — What  is  the  height 
of  a  column  of  water  that  would  be  supported  by  atmospheric 
pressure? 

D.  M. 

It  is  usually  given  as  34  ft.  Figured  on  the  basis  of  2.309 
ft.  being  the  height  of  a  column  of  water  corresponding  to  a 
pressure  of  1  lb.  per  sQ.in..  the  actual  height  of  a  column 
that  would  correspond  to  an  atmospheric  pressure  of  14.7 
lb.    would    be 

2.309     X     14.7    =    33.9423    ft. 


The   water   cylinder   being  8    in.    in   diameter,    its    cross-sec- 
tional  area   would    be 

8    X    8    X    0.7854   =    50.265   sq.in. 
Neglecting    the    space    occupied    by    the    piston    rod    making    a 
10-in.    stroke,    the    displacement    per    stroke   would    be 

50.265    X    10    =    502.65   cu.in. 
and   neglecting  slippage  the  discharge  would  be 
502.65   X  1086 

=    2363.1    gal.   per    hr. 
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Injector  Acting  .\salnst  DifTerent  Pressures — Will  an  In- 
jector put  water  into  two  boilers  that  are  under  different 
steam  pressures,  as  90  and  120  lb.  respectively,  if  the  injector 
Is  supplied  with  steam  from  the  boiler  under  the  lower  pres- 
sure? 

E.    S.   C. 

Injectors  are  made  which,  when  supplied  with  exhaust 
steam  of  as  low  as  2.  3  or  4  lb.  pressure,  will  feed  boilers. 
Injectors  may  be  made  to  feed  boilers  carrying  120  lb.  pres- 
sure when  the  injector  is  supplied  with  steam  at  only  90  lb. 
pressure.  Ordinarily  injectors  are  constructed  to  operate 
w-hen  supplied  with  steam  of  the  same  pressure  as  that  car- 
ried in  the  boiler  which  the  injectors  feed.  The  action  of  an 
injector  is  not  dependent  upon  pressure  except  as  that  is 
translated  Into  velocity,  as  explained  in  the  answer  to  the 
inquiry  "Exhaust-Steam  Injector."  on  page  353  of  the  Mar.  11. 
1913,    Issue. 


Selecting  a  Dynamo — What  kind  and  size  dynamo  would 
be  suitable  for  lighting  250  sixteen-candlepower  lanmps  and 
driving   a   10-hp.    motor,    800    ft.   distant? 

A.  O.  K. 
A  25-kw.  compound-wound,  220-volt,  direct-current  gen- 
erator would  seem  most  suitable.  Instead  of  110  voltj.  220  is 
recommended  on  account  of  the  distance  to  the  motor,  as  the 
higher  the  voltage  the  less  the  transmission  loss  for  a  given 
amount  of  energy.  A  capacity  of  25  kw.  should  be  ample  for 
the    load    contemplated. 

A   16-cp.   carbon-filament  lamp  takes  55  watts,   hence 
250    X   55    =   13,750  watts 
is   the   lighting  load. 

A    horsepower    equals    746    watts,    hence 
10    X    746    -    7460  watts 
Is    the    motor    load,    and    the    combined    load 

13,750    +    7460    =    21.210  watts  or  21.21   kw. 
A    compound-wound   machine  is   advised   as   giving  better   reg- 
ulation   than    one    shunt-wound. 


Too  Sliort  Cutoff — In  a  certain  plant  a  10-hp.  motor  was 
filling  the  work  which  a  35-hp.  engine  would  not  do.  The 
tiiiuble  was  that  steam  lap  had  been  added  so  freely,  and  the 
•  r.entric  advanced  so  much  that  the  port  opening  was.  for 
.1  very  short  period  of  time,  cutting  down  the  range  of  cutolf 
to   !i    small    fraction.      How   could    the   trouble   be    remedied'' 

.1.    N.    A. 

There  are  three  remedies  cutting  off  the  steam  lap  and 
putting  back  the  eccentric;  getting  an  eccentric  with  greater 
throw,  or  putting  on  a  rocker  arm  which  will  increase  the 
valve    travel    giving   a    wider    port    opening. 

Pump  Delivery— What  will  be  the  discharge  In  gallons  per 
minute  of  a  pump  having  a  4-ln.  water  cylinder  and  operating 
at   an   average   piston    speed   of   60   ft.   per    mln.? 

M.   D. 
If    the    slip    l8    neglected    ti.e    delivery    will    equal    the    dis- 
placement   of    the    piston    or 

4  X  4  X  0.7854  X  60 
=    5.236   cu.ft.. 


which   equals 


144 


Pump    niMcbnrtre    Ci 

delivered  by  a   14x8x12- 
pcr   hour? 


39.165   gal.   per   mln. 


uiatlon — How    much     water    will    be 
pump  making  1086  ten-Inch  strokes 


Compressor  Trouble — A  wet  gas  compressor,  used  for  cool- 
ing two  ice  boxes,  gives  the  required  temperature.  32  deg.  F.. 
but  at  Intervals  runs  so  cold  that  the  packing  leaks  and  the 
oil  seems  to  freeze.  Then  suddenly  the  discharge  pipe  will 
warm  up  and  the  piston  rod  become  hot.  These  sudden 
changes  will  continue  all  day.  Closing  down  the  expansion 
valve  to  get  warmer  gas  to  the  compresso-  causes  the  suc- 
tion gage  to  go  down  to  10  lb.  Under  present  weather  con- 
ditions (Mar.  25)  the  high-pressure  gage  will  be  as  low  as 
90   lb.     What  is   the  trouble? 

J.  W.  W. 

Apparently  the  machine  is  operating  at  too  great  speed  to 
do  the  required  work  at  this  time  of  the  year.  If  the  com- 
pressor is  slowed  down  and  the  back  pressure  thereby  In- 
creased to  the  proper  amount,  say  15  to  20  lb.,  the  operation 
will    be    more    regular. 

Lately  It  has  been  found  that  these  machines  should  be 
operated  with  a  hot  discharge,  from  about  180  to  250  deg.  F.. 
with    a   condenser    pressure    ranging    from    90    to    185    lb. 

Alternate  freezing  and  thawing  off  of  the  suction  pipe  or 
hot  or  cold  discharge  may  be  due  also  to  an  Insufflclent 
amount   of  ammonia   In    the   system. 

A  condenser  pressure  of  90  lb..  If  the  liquid  piping  Is  prop- 
erly proportioned,  Is  an  advantage  as  It  saves  power  and 
consequently  reduces  the  cost  of  operation.  Some  Informa- 
tion on  this  subject  la  (tlven  on  page  420.  Mar.  25  Issue,  "Win- 
tor  Work    In   Refrigerating   Plant." 
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Answers  to  Review  Test  Questions 

(1)      The  number  above  the  line  (1680)  is  the  numer- 
ator and  that  below  the  line  (144)  is  the  denominator. 
..^      22,043  .., 


(3) 

(5) 
(6) 

(S) 


32 

34,840. 

No. 

44|iV  +  m  +  202  +  T5^  =  326if. 

242A  —  229^V  =  mi 

19  —  18=5%   =   If. 

14299 
19%  X  22%  =  ^-X't'  =  -^^  =  446||. 

(9)  Dividing  the  numerator  or  multiplying  the  de- 
nominator divides  the  fraction. 

(10)  9  in.  equals  0.75  of  a  foot. 

(11)  1  gal.  =  3.785  liters. 

(13)      1  mm.  =  0.03937  in.  or  -jV  in.  nearly. 

(13)  13,500  B.t.u.  X  0.252  =  3402  large  calories. 

(14)  Xo;   the   volume   of    a   barrel    has   never   been 
definitely  standardized. 


(15) 
(16) 
(17) 
(18) 
to  1. 
(19) 
(20) 


212  deg.  F.  =  100  deg.  C. 

The  actual  price  is  $16.20. 

1760   lb.   combustible. 

The  ratio  of  heating  to  grate  surface  is 


15.08 


The  inverse  ratio  of  30 :  4  is  4 :  20  =  i. 
400:220   =    3:1.65   hr.      Delivering  400   gal. 
per  min.  the  pump  will  fill  the  tank  in  1.65  hr. 
(31)      224%=  =  50,512.5625. 

(22)  V"^  =  28.089. 

(23)  From  the  formula  the  diameter  should  be  3.178 
in.;  the  commercial  size  shaft  to  use  is  3^^  in. 

(24a)      33  X  3  =  99  =  log  1.995635. 
(b)      The  log  of  31,428  =  4.4973167. 
log  4.4980071   =   31,478. 
31,444.73  ==  log  4.4975479. 
log  4.4931343  =  31,126.8. 
642S    =  286.15. 
There  are  270  dea;.  in  %  of 


(e) 
(d) 
(e) 
(f) 
(26) 


circle. 


(27)      Side  = 


21.217 


0.433 

(28)  The  plane  is  1882.43+  ft.  long. 

(29)  36.928  gal.  will  be  needed. 

(31)  V  =  ih{B  +  b  +  yl  Bxb). 

(30)  Average  circumference. 

In  the  first  line  of  example  (32)  of  the  Apr.  8  issue 
a  typographical  error  appeared.  The  value  of  a  long 
ton  was  given  as  2140  lb.  instead  of  2340  lb. 

(32)  The  coal  pile  will  weigh  approximately  1356.032 
tons. 

(33)  II''  X   0.5236   X  0.26  =   181.197  lb. 

Lessons  to  Come 
Most  steam  plants  do  their  work  by  virtue  of  the  heat 
contained  in  coal.     The  combustion  of  coal  is,  therefore, 
an  important  subject  and  one  which  every  engineer  and 


lireman  should  understand.  This  subject  will  be  made 
clear  and,  we  believe,  interesting  in  the  series  of  lesson.s 
to  begin  in  the  next  issue. 

Instructions  will  be  given  for  making  miu-h  of  the 
apparatus  used  for  getting  samples  of  coal  and  for  mak- 
ing coal  and  flue-gas  analyses. 

These  lessons  will  be  of  value  to  firemen  as  they  ex- 
plain how  to  save  coal.  This,  firemen  are  glad  to  do  if 
they  know  how.  The  more  they  save  the  less  they  have 
to  shovel  and  the  less  are  the  coal  hills. 

If  there  are  any  points  that  were  not  clear  in  the 
Mathematics  Course  we  will  be  glad  to  have  our  readers 
write  us  of  their  difficulties  and  we  will  answer  them 
by  letter,  and  where  the  questions  warrant  it,  will  print 
them  and  their  answers  in  the  department  "Inquiries  of 
General   Interest." 

Federal  Help  for  Oregon  Power 
Projects 

A  contract  between  the  United  States  Government  and 
the  State  of  Oregon  was  approved  by  the  Secretary  of  the 
Interior,  Franklin  K.  Lane,  on  Mar.  27,  whereby  the 
secretary  agrees  to  withdraw  sufficient  land  and  the 
Oregon  state  engineer  hold  the  necessary  water  for  the 
projects  under  investigation.  A  project  may  be  released 
to  private  interests  providing  they  pay  the  cost  of  pre- 
paring plans,  if  the  development  is  in  harmony  with  the 
public  plans  for  the  best  uses  of  the  Oregon  waters. 

There  is  now  available  $100,000,  one-half  of  which 
each  party  is  to  pay.  This  sum  will  be  spent  mainly  on 
the  investigation  of  the  Deschutes  River  project,  embrac- 
ing 300,000  acres.  The  start  will  lie  made  on  the  Tumalo 
Creek  unit  of  35,000  acres,  for  which  Oregon  has  made 
a  construction  appropriation  of  $450,000.  Secretary' Lane 
will  allow  an  equal  amount  for  the  entire  project. 

When  completed  the  Deschutes  undertaking  will  have 
cost  about  $8,000,000.  If  Oregon  will  raise  $4,000,000 
toward  the  construction  of  this  project.  Secretary  Lane 
believes  that  an  equal  amount  could  be  drawn  from  the 
reclamation  approjiriation  for  this  work. 

Jenkins  Brass  Gate  Valve 

In  the  valve,  Ulustrated  herewith,  a  yoke  and  traveling 
spindle  are  used.  As  the  spindle  threads  are  exposed  they 
are  easily  lubricated,  materially  increasing  their  durabil- 
ity, particularly  when  the  valve  is  used  in  dry-  or  super- 
heated-steam  lines.  The  traveling  spindle  is  raised  or 
lowered  through  the  handwheel  as  the  valve  is  opened 
or  closed. 

The  valve  has  a  solid,  double-faced  metal  wedge  or 
gate,  guided  by  ribs  cast  on  the  inside  of  the  body,  which 
fit  in  corresponding  channels  in  the  wedge,  thereby  pre- 
venting the  wedge  from  dragging  across  the  seat.  The 
rib  on  one  side  of  the  body  is  of  a  different  thickness  from 
that  on  the  opposite  side,  and  as  each  channel  in  the 
wedge  fits  :ts  corresponding  rib,  it  is  impossible  to  reverse 
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the  wedge  in  the  valve.    All  parts  are  interchangeable. 

The  body  is  globe  shaped,  a  design  which  gives  a  neat 
appearance,  and  full  opening.  The  valves  are  made  in 
three  distinct  patterns:  standard,  for  125  lb.  steam  pres- 
sure, or  175  U).  .water  pressure :  medium,  for  175  lb. 
steam,  or  250   lb.   water,   and   extra   heavj-,   for  250   lb. 


OVER 

ST      JESTS. 


THE     SPILLWAY 

,1  -^  B  S  .     JOSHES      .\  N  D     JUMBLES 


"The  reassuring  notes  of  factory  whistles  will  relieve 
distraught  minds  of  those  who  are  still  nerve-racked  and 
This  is  an  optimistic  note  from  Dayton.  Ohio,  that  should  i 
louder  and  louder.  There  is  not  much  room  for  sorrows  w 
we  are  working,  and  it's  just  as  well  to  forget  them  w 
we    can. 


ill." 
•ing 
hile 


What  do  you  know  about  this?  The  Steel  Corporation  has 
refused  to  operate  its  mills  on  Sundays.  There's  no  use 
in  having  a  reputation  as  a  wicked  trust,  and  then  refusing 
to  live  up  to  it.  Of  course,  a  power-plant  engineer  can,  and 
usually  has  to,  work  on  Sunday,  but  who  are  we,  anyhow? 

Ever  since  you  and  I  were  knee-high  to  grasshop- 
pers, we've  had  dinged  in  our  ears;  "Get  out  of  the  rut! 
Don't  dig  a  rut  for  yourself!"  Now,  along  comes  a  writer 
on  industrial  economics  who  says:  "The  real  secret  of  suc- 
cess is  in  establishing  ruts  of  a  useful  kind:  ruts  with 
switches  that  may  be  operated  by  the  mind  at  will.  "  Soon 
we'll  have  to  pay  ten  dollars  a  pair  for  second-hand,  well- 
worn  ruts  that  once  could  not  be  auctioned  off  at  a  rummage 
sale  at  five  cents  a  bunch.  Where  do  we  get  off.  any- 
how? 

The  Standard  Oil  Co.  has  agreed  to  pay  wages  for  life  to 
Vincent  Pelican,  Constable  Hook,  N.  J.,  "who  was  injured  in 
the  company's  employ,"  wherever  that  is.  The  intention  is 
good,  and  as  this  growing  little  concern  appears  to  be 
getting  along  right  smart,  we  hope  it  will  manage  to  scrape 
up  enough  to  carry  out   this  laudable   undertaking. 

If  you  "W'ei-e  asked  to  give  your  definition  of  a  gentleman, 
we  bet  one  of  those  new  nickels  that  looks  like  a  button  on 
little  Lizzie's   winter  coat   that  you  can't  do  better  than   this: 

".\  man  that's  clean  inside  and  out;  who  neither  looks  up 
to  the  rich  nor  down  to  the  poor:  who  can  lose  without 
squealing  and  who  can  win  without  bragging;  who  is  con- 
siderate of  women,  children  andj  old  people;  who  is  too  brave 
to  lie.  too  generous  to  cheat,  and  who  takes  his  share  of  the 
world   and  lets  other  people  have   theirs." 

And  this  standard  works  out  as  well  for  the  overalls  as 
for   the  joyous  habiliments   of  swell   society. 


Kew  .Texkin's  Bii.vss  Gate  Valve 

steam,  or  400  lb.  water.  This  valve  is  made  screwed 
or  flanged  in  either  straightway  or  angle  type,  with 
unions  for  radiator  work,  and  with  hose  ends,  the  hose 
valves  conforming  with  the  underwriters'  specifications. 
It  is  made  in  all  sizes  from  ^/^  to  3  in.  inclusive,  by  Jeiik- 
m.^   Bros..  SO  Wliite   St..   New   York   C'itv. 


Th>-  Bureau  of  Mines  announces  the  following  new  publi- 
cations: Bulletin  63,  "Sampling  Coal  Deliveries,  and  Types  of 
Government  Specifications  for  the  Purchase  of  Coal,"  by  G. 
S.  Pope;  it  describes  in  detail  methods  of  sampling  and 
rf-asons  therefore  and  cites  new  specifications  for  purchase 
"f  coal  by  the  Government.  Technical  Paper  31.  "Appar.atus 
for  the  Exact  Analysis  of  Flue  Gas.  "  by  O.  A.  Burrell  and 
P.  M.  Selbert.  The  Bureau  of  Mines  has  copies  of  these  pub- 
lications for  free  distribution.  Order  them  by  number  and 
title,  addressing  the  Director  of  the  Bureau  of  Mines.  Wash- 
ington.   D.    C. 

We  have  Just  received  the  bound  volume  of  the  1312 
"Proceedings"  of  the  American  Electric  Railway  Engineer- 
ing Association.  It  Is  got  up  In  the  same  attractive  form 
as  former  volumes  and,  besides  the  matter  pertaining  purely 
to  electric-railway  affairs.  It  contains  the  report  of  the  com- 
mittee on  power  generation.  This  report  gives  In  detail  the 
practice  of  several  large  electric  companies,  as  regards  the 
purchase,  specifications  and  testing  of  coal  and  lubricating 
oils,  also  the  analysis  and    treatment  of  boiler-feed   waters. 

The  "Proceedings"  are  published  from  the  office  of  the 
secretary  of  the  association  at  29  West  Thirty-ninth  St.,  New 
York. 


A    T.VLE    OF    A    T.VII, 

By   Billy   Spills 

This  is  a  tale  of  a  horse's  tail  electrically  waved  from 
Australia,    but    not    exactly   verbatim. 

'Twas  a  dark  and  stormy  night  on  the  plains,  and  Antonio 
was  madly  galloping  on  his  fiery  steed,  or  rather,  the  horse 
was  galloping  and  Toni  was  doing  the  mad  end  of  it.  A 
blinding  fiash.  and  directly  in  the  path  of  the  travelers  a 
giant  oak  was  struck  by  lightning  blim!  blam!  just  like 
those.  The  dispatch  says  "the  tree  was  split  in  halves" — 
you  know,  two  halfs.  And  right  here  hangs  the  tale  of  a 
tail  which,  shortly,   will  hang  no  longer. 

Was  Bucephalus  (Australian  for  "horse")  intimidated  by 
the  two  halves  of  this  acorn  hatchery  that  yawned  and  gaped 
before  him — before  even  him  and  Toni  could  yawn  or  gape? 
Neln!  Non!  Neni!  Nej!  NIet  and  just  plain  No!  [The  "no" 
in  six  languages  is  to  display  the  author's  education. — 
Ed.] 

What  did  'Cephy  did?  He  showed  his  rearing  by  rearing, 
and  then  bounded  through  the  gaping  gap,  right  between 
the  two  halves — all  but  his  tall  To  the  %vest  he  madly  made, 
but  eastwardly  there  was  trouble  In  the  Balkans,  in  a  man- 
ner of  speaking.  Them  two  halves  suddenly  became  as  one 
whole  one — and  shut  up!  The  tall  was  clutched  in  the  oak's 
crool  embrace  even  as  clutches  the  octopus  with  his  ten 
tackles  (number  uncertain.)  The  tail  was  severed  at  the 
roots — the   tail's  roots,   not   the   tree's  roots,  you   understand. 

This  Is  the  end  of  the  tall  tale,  really.  For  aught  we 
know,  the  horse  Is  running  yet — like  one  of  those  sure  things 
In  the  second  race — but  "the  tall  can  still  be  seen  protruding 
from  the  tree."  By  this  time  the  sturdy  oak  may  have  been 
lutherburbanked   Into   a    horse-chestnut    tree. 

Toni?  That  we  should  worry!  But  as  It  was  the  end  of 
the  tall  that  began  this  tale,  at  the  tall  end  it  Is  only 
fair  to  add  that  "the  young  man  recelvi-d  a  severe  shaking, 
but  otherwise  came   through   the  ordeal   safely." 
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Steam  Consumption   of  4-Valve   Engines 


SYNOPSIS — For  engines  of  different  makes,  differ- 
ences in  the  water  rate  of  10  lb.  per  i.hp.-hr.  are  readily 
jmssible,  and  even  for  the  same  make  of  engine  the  rate 
may  vary  several  pounds. 

Engines  of  similar  type,  built  by  different  manufac- 
turers, are  sometimes  erroneously  assumed  to  have  about 
the  same  steam-consumption  requirements.  This  impres- 
sion is  probably  gained  from  the  fact  that  similar  types 
of  other  machines  of  various  builders,  for  instance,  elec- 
tric generators,  have  about  the  same  efficiencies.  To 
show  that  there  is  a  considerable  difference  in  steam  con- 
sumption between  engines  of  the  same  type  but  of  dif- 
ferent make,  and  even  engines  of  the  same  make,  the 
Harrisburg  Foundry  &  Machine  Works  recently  submitted 
the  data  presented  herewith.  The  accompanying  table 
gives  the  results  of  a  series  of  tests  conducted  by  a  num- 
ber of  prominent  mechanical  engineers  on  nonreleasing 


fourth  load  and  25  per  cent,  overload.  In  the  smaller 
engine  the  difference  is  8.95.  Between  the  limits  given, 
the  economy  would,  therefore,  be  very  nearly  uniform 
under  varying  load  conditions,  and  at  the  higher  pres- 
sures of  previous  tests  would  surpass  earlier  attainments. 
To  illustrate  the  variation  in  steam  consumption  be- 
tween engines  of  different  make,  a  number  of  guarantees 
from  Government  bids  are  submitted.  It  will  be  recog- 
nized that  in  Government  negotiations  the  fulfillment  of 
guarantees  is  a  vital  part  of  the  contract  and  failure  to 
meet  them  results  either  in  the  rejection  of  the  machine 
or  an  acceptance  with  a  heavy  penalty  imposed.  This,  of 
course,  would  tend  to  make  the  guarantees  of  steam  con- 
sumption conservative,  but  as  bids  are  usually  compared 
on  an  evaluation  of  steam-consumption  guarantees,  an 
incentive  is  offered  the  bidder  to  cut  down  his  guarantee 
to  the  lowest  limit  and  still  come  within  the  possibilities 
of  his  engine.     Under  these  circumstances,  a  comparison 


TEST  DATA  ON   FOUR-VALVE  ENGINES 


Cvl. 

Speed 

Initial 

Steam  Rate, 

Lb.  per 

I.Hp.-hr 

Mas 

mum 

Mech. 

Dia.. 

Stroke 

Ft.  per 

Pressure 

Full 

Efficiency 

Date 

Engineer 

in. 

in. 

R.p.m 

Min. 

Lb.  Abs 

Quality 

}  Load 

!  Load 

i  Load 

Load 

1}  Load 

B.t.u. 
per  I 

Ranking 

Thermal 

4-1&-190O 

H.  W.  Spangler 
R.  G.  Carpenter 

16 

16 

210 

560 

140 

Dr>-  Sat. 

30.37 

23.89 

22  24 

22.74 

23.61 

3637 

70 

U  30 

6-28-1905 

H.  Diederichs 

19 

19 

205 

&49 

135 

Dry  Sat. 

23  9 

22.46 

22  27 

3584 

71 

11  29 

9-20-1911 

C.  F.  Sponsler 

lai 

16 

210 

560 

140 

Dry  Sat 

26.9 

22  2 

21.7 

22.0 

23.0 

3549 

71  7 

11,58 

10-18-1911 

H.  M.  Price 

14 

15 

250 

625 

125 

Dry  Sat. 

26.55 

21.5 

21    IS 

21.06 

21.62 

3274 

77  7 

11   96 

8-  0-1912 

M.  C.  Hartman 

14* 

16 

225 

600 

155 

Dry  Sat. 

26.34 

20.8 

19.8 

20.46 

21  6 

3384 

75  2 

12  67 

12-  0-1912 

H.  M.  Price 

17 

18 

220 

660 

125 

Dry  Sat. 

24.7 

21,25 

20,9 

21.17 

22.9 

3249 

78.3 

12.05 

12-  0-1912 

H.  M.  Price 

14 

16 

250 

666 

125 

Dry  Sat. 

25.18 

21  5 

21.25 

21.27 

22.23 

3303 

77 

11.85 

Corliss  valve-gear  engines  made  by  this  company.  The 
exhaust  was  into  the  atmosphere  in  each  case. 

Test  Xo.  1  in  the  table,  conducted  by  the  late  Prof.  H.  W. 
Spangler,  of  the  University  of  Pennsylvania,  established 
a  record  at  the  time.  This  test  was  soon  followed  by  an- 
other conducted  by  Profs.  R.  C.  Carpenter  and  H.  Diede- 
richs, of  Cornell  University.  The  results  agree  closely 
with  the  former  test  and  tend  to  substantiate  its  ac- 
curacy. 

In  test  Kg.  3,  conducted  by  C.  F.  Sponsler,  chief  en- 
gineer of  the  Bureau  of  Standards  of  the  United  States 
Government,  the  operating  conditions  were  the  same.  It 
may  be  noticed  that  the  results  were  bettered  at  each 
point  of  the  load  and  that  the  curve  of  steam  consump- 
tion was  flattened  to  a  considerable  extent;  that  is,  the 
steam  consumption  at  one-fourth  load  more  nearly  ap- 
proaches that  of  full  load.  This  would  give  a  high  aver- 
age efficiency  under  varying  conditions  of  load. 

In  test  No.  4,  H.  M.  Price,  mechanical  engineer  of  the 
Treasury  Department  of  the  Government,  secured  some 
still  lower  results,  partly  due  to  the  higher  speed.  These 
results  were  bettered  on  a  slightly  larger  engine  by  M.  C. 
Hartman,  consulting  engineer  for  the  Web.ster  Safe  & 
Deposit  Co.  of  Chicago.  A  steam  consumption  of  19.8 
lb.  per  i.hp.-hr.  was  obtained.  This  is  slightly  lower 
than  the  full  load  rate  of  20.46.  In  this  test,  the  steam 
pressure  was  155  lb.  abs.  as  compared  with  125  lb.  abs. 
in   test   No.   4. 

In  tests  Nos.  6  and  7,  both  conducted  by  H.  M.  Price, 
the  minimum  steam  consumption  is  not  as  low  as  ob- 
tained in  test  No.  5.  The  curves  of  steam  consumption 
for  different  loads,  however,  are  flatter.  In  the  larger 
engine  there  is  a  difference  of  only  1.8  lb.  in  the  steam 
consumption  per  indicated  horsepower-hour  between  one- 


of  guarantees  submitted  will  tend  to  show  the  capabili- 
ties of  the  engines. 

Among  bids  offered  the  Bureau  of  Standards  were  two 
proposals  on  a  nonreleasing  Corliss  valve  engine  of  190 
hp.  capacity  with  an  initial  pressure  of  140  lb.  abs.  and 
atmospheric  exhaust.  The  guarantees  are  appended  as 
Bidder  A  and  Bidder  B,  the  quantities  being  pounds  of 
dry  steam  per  indicated  horsepower-hour. 

Loads  i  J  J  Full  IJ 

Bidder  A 33  2  26.1  25  0  25.6  27  6 

Bidder  B 32  0  24.0  22.5  23.0  |23.S 

On  Mar.  15,  1912,  bids  were  received  by  the  Treasury 
Department  on  a  160-hp.  engine  to  operate  between  125 
lb.  abs.  and  atmosphere,  having  guarantees  as  follows  in 
pounds  of  dry  steam  per  indicated  horsepower-hour: 

Loads  i  k  i  FuU  li 

BidderA 31.0  25.0  23  2  23.5  24  0 

Bidder  B 30.5  25.5  23.5  25,5 

BidderC 27.5  22.5  21.4  21.75  22  5 

On  May  6,  proposals  for  a  100-kw.  engine  to  the 
Treasury  Department  brought  out  the  following  guar- 
antees, the  quantities  being  in  pounds  of  dry  steam  per 
kilowatt-hour.  An  initial  pressure  of  125  lb.  abs.  and 
atmospheric  exhaust  were  stipulated.  All  bidders  offered 
the  same  generator,  so  that  the  data  really  compare  the 
engines : 

Loads  i  §  J  Full  1} 

BidderA 75.6  47.8  42,9  41.9  43.4 

Bidders 60,6  41.9  37  9  371  38,3 

BidderC 56.8  37.8  34.0  33.7  34.7 

On  Nov.  25,  1912,  the  Treasury  Department  opened 
bids  for  100-  and  200-kw.  units  to  operate  on  an  initial 
pressure  of  165  lb.  abs.  and  against  atmospheric  pres- 
sure. The  following  guarantees  were  offered  for  the 
larger  machines,  the  quantities  being  given  as  before  in 
pounds  of  dry  steam  per  kilowatt-hour: 
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Loads 

Bidder  A 

Bidder  B . . . . 
Bidder  C... 
Bidder  D.... 
Bidder  E . . . . 


i 
56.2 
54.0 
68.2 
52  3 
58.3 


40.4 
39  0 
42.8 
38.0 
37.1 


Full 

37.45 

33  5 

37.8 

33.3 

32.8 


u 

39.4 
35  1 
40.8 
34.3 
33.9 


The  guarantees  submitted  on  the  100-kw.  units  were 
as  follows : 


Loads 

Bidder  A 

Bidder  B 

Bidder  C 

Bidder  D 

Bidder E 


} 

J 

J 

Full 

u 

62.0 

44.0 

39.9 

39  7 

41   4 

60.0 

42.0 

36.0 

36.0 

37  5 

72.0 

45.0 

38.6 

38.7 

42  0 

52.7 

38.5 

34.7 

34.0 

34.9 

59.6 

37  3 

33.5 

33,2 

34.2 

It  is  thus  apparent  that  the  range  in  steam  consump- 
tion is  considerable,  and  to  show  what  this  difference  in 
the  steam  rate  really  means,  an  analysis  of  one  of  the 
cases  cited  will  be  made.  Take  the  engines  offered  the 
Bureau  of  Standards  as  an  example.  The  price  submitted 
by  Bidder  B  was  about  $250  higher  than  that  oSered 
by  Bidder  A.  Assume  the  engine  to  run  ten  hours  a  day, 
300  days  a  year,  operating  at  one-half  load  85  per  cent, 
of  the  time,  three-quarter  load  50  per  cent,  and  full 
load  25  per  cent,  of  the  time.  Assume  the  cost  of  coal 
to  be  $3.50  a  ton  of  2000  lb.  and  that  a  rate  of  evapora- 
tion of  7  lb.  of  water  per  pound  of  coal  is  obtained.  The 
following  tabulated  results  show  the  saving  which  would 
be  effected  by  the  more  economical  engine : 

Loads 

Bidder  A'a  guarantee 

Bidder  B'a  guarantee 


Difference,  steam  per  i.hp.-hr. 

Time  factor,  per  cent 

Saving  steam  per  i.hp.-hr.,  lb. 

Indicated  horsepower 

Saving  steam  per  hour 


i 

J 

Full 

26.1 
24.0 

25  0 
22.5 

25  6 
23.0 

2.1 
25 

0.525 
100 
52.5 

2.5 
50 
1.25 
150 
187.5 

2.6 
25 

0.65 
200 
130 

Total  saving  steam  per  hour,  lb 52. 5 -t- 187  5  +  130=370 

Total  saving  steam  per  day.  lb 370  XIO  =3700 

Total  saving  steam  per  year,  lb 3700X300=1,110,000 

Total  saving  coal  per  year,  lb.  (about) 1,1 10,000 -=-7  =160,000 

Total  saving  coal  per  year,  tons 160,000  -=-  2000  =  80 

Total  saving  money  per  year 80  X$3.  50  =»280 

Operating  under  the  assumed  conditions,  it  is  evident 
that  the  saving  from  the  more  economical  engine  would 
amount  to  $280  per  year,  provided  the  heating  demands 
were  not  greater  than  the  supply  of  exhaust  steam  with 
the  engine  operating  at  maximum  economy.  This  would 
return  to  the  investor  112  per  cent,  per  year  of  the  dif- 
ference in  price  between  the  two  engines.  If  the  heating 
demands  were  in  excess  of  the  exhaust  steam,  the  saving 
would  be  reduced.  For  at  least  six  months  of  the  year 
this  excess  demand  would  not  obtain  and  the  saving  for 
this  period  would  be  50  per  cent,  of  the  yearly  amount. 

For  approximately  60  per  cent,  of  the  heating  period, 
the  requirements  would  exceed  the  amount  of  steam  ex- 
hausted and  no  .saving  over  the  less  economical  engine 
would  be  effected.  The  saving  for  this  period  would  then 
be  only  40  per  cent,  of  half  the  total  amount,  or  20 
per  cent,  of  the  total  amount.  The  net  yearly  saving 
would  then  be  50  per  cent,  for  the  summer  months  and 
20  ])or  cent,  for  the  winter  months,  or  70  per  cent,  of 
th(!  total  estimated  amount  of  $280,  which  would  he  $11)6. 
This  would  yield  78.4  per  cent,  on  the  investment  of  the 
additional  $250. 

In  the  above  calculations,  the  saving  shown  is  in  coal 
alone,  and  no  consideration  is  given  to  the  cost  of  the  ad- 
ditional water,  ash  removal,  etc.,  required  for  the  less 
economical  engine.  These  items  would  more  than  counter- 
balance any  added  interest  charges  on  the  initial  cost. 

In  addition  to  steam  economy,  a  more  efficient  engine 
will  tend  to  give  better  operating  results,  and  the  co.'^t 
of  maintenance,  due  to  the  superior  design,  materials  and 


workmanship  which  are  usually  responsible  for  a  lower 
steam  consumption,  should  be  less.  This  would  indicate 
that  the  strife  for  economy  is  well  worth  while,  and  that 
the  engine  with  the  lowest  steam-consumption  guarantee 
is  the  one  to  purchase,  provided  the  guarantees  made  are 
bona  fide  and  can  be  readily  obtained  in  practice.  In 
lieu  of  the  requirement  of  an  acceptance  test  with  under- 
stood penalties  for  failure  to  meet  the  guarantees  offered, 
it  might  be  well  to  call  for  certified  test  data  of  similar 
engines  operating  under  the  same  conditions.  This  data 
would  at  once  show  the  possibilities  of  the  particular 
make  of  engine  to  which  it  referred  and  would  tend  to 
prevent  the  selection  of  an  inefficient  engine,  the  loss  from 
the  use  of  which  could  not  be  offset  by  the  penalty  exacted. 

The  Clark  Gear  Engine 

A  new  type  of  engine  of  simple  construction  has  been 
designed  by  Charles  H.  Clark,  of  New  York  City.  In 
its  simplest  form  it  consists  of  two  intermeshing  gears 
and  two  tapering  blocks  having  curved  faces  close  to,  but 
not  touching  the  teeth.  One  block  is  located  above  and 
the  other  below  the  intermeshing  point,  as  indicated  in 
the  accompanying  drawing.  The  blocks  cover  only  small 
arcs  of  the  gears  and  the  larger  parts  of  the  gears  are 


Half  Section  through  Engine 

free  to  revolve  in  the  casing.  End  plates  between  the 
blocks  inclose  the  working  section. 

Depending  upon  which  direction  it  is  desired  to  run 
the  engine,  steam  is  admitted  above  or  below  the  center 
line  of  the  gears  and  pushing  against  the  teeth  at  full 
pressure  causes  rotation.  As  the  teeth  pass  the  apex 
of  the  block  small  volumes  of  steam  are  inclosed  and  car- 
ried as  far  as  its  base,  where  exhaust  to  the  casing  and 
then  to  atmosphere  takes  places. 

It  is  the  wedge-shaped  blocks  which  distinguish  the 
present  design  from  other  types  of  rotary  engine.  Un- 
balanced pressure,  due  to  high  steam  ])ressuro  over  a 
large  area  of  the  gears  and  exhaust  pressure  on  the  other 
side,  has  been  the  bugbear  of  inventors.  It  must  be  borne 
by  the  shaft  and  tends  to  cause  excessive  friction  and 
wear.  In  the  Clark  engine  the  small  area  exposed  to 
unbalanced  initial  pressure  of  the  steam  ])ractically  elimi- 
nates this  trouble. 

In  the  single-stage  unit  if  is  cvidenf  fhiit  I  ho  expansion 
of  the  .steam  is  not  utilized.  To  get  the  lienefit  of  ex- 
pansion  it   is  planned   to  compound   the   engine,   using 
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several  pairs  of  gears  and  exhausting  from  one  to  the 
other,  the  working  volnme  increasing  with  a  correspond- 
ing drop  in  j^ressure  in  each  stage.  As  the  nuniher  of 
stages  increase,  the  economy  is  bettered.  Basing  his  con- 
elusions  on  results  obtained  from  the  simple  engine,  Prof. 
H.  L.  Parr,  of  Columbia  University,  estimates  that  a 
four-stage  machine  working  between  100  lb.  and  at- 
mosphere may  be  expected  to  develop  a  brake  horsepower- 
hour  on  30  lb.  of  steam. 

A  single-stage  engine,  rated  at  35  b.hp.  and  m  test  de- 
veloping 50,  has  been  built  and  has  been  subjected  to  a 
number  of  tests,  some  at  Columbia  University  and  others 
at  the  Xew  York  Central  power  house  in  Youkers.  The 
best  water  rate  obtained  was  41  lb.  per  b.hp.-hr.,  when 
developing  16  b.lip.  with  an  admission  pressure  of  97.5 
lb.  gage.  With  lower  pressure  the  rate  increased  and  at 
10  lb.  gage  94.2  lb.  of  steam  per  brake  horsepower-hour 
were  used.  For  intermediate  pressures  the  rates  varied 
between  these  limits.  The  floor  space  occupied  by  the 
engine  was  2  ft.  11  in.  by  2  ft.  li/^  in.,  which  equals  6.3 
sq.ft.,  or  0.18  sq.ft.  per  horsepower  of  rating.  The  total 
weight  of  the  engine  was   620  lb.  complete. 

Size,  Capacity  and  Power  Required 
for  Centrifugal  Fans 

In  the  article  under  the  above  title,  in  the  issue  of 
Jan.  21.   1913,  an  error  was  inadvcrtentlv  made  in  the 


thought  there  was  an  unnecessary  distance  between  the 
left-  and  right-hand  halves  of  the  diagrams  on  the  two 
pages  and  so  reduced  the  distance  between  sections  2  an<l 
3,  and  between  1  and  5  on  page  74.  This  space  should 
actually  be  about  11/4  in-  instead  of  about  %  in.  In  the 
same  way  the  distance  on  page  75  between  sections  2 
and  3  and  between  sections  1  and  5  was  reduced.  This 
distance  should  be  about  0.9  in. 

The  readings  for  ducts  100  ft.  l.ong  would  be  correct 
with  the  diagram^  as  they  were  printed,  but  where  the 
process  indicated  by  Fig.  3  in  the  article  is  carried  out, 
for  ducts  50  ft.  long,  the  readings  would  be  inaccurate. 
If  these  curves  are  used  by  any  of  our  readers  it  will  be 
well  for  them  to  cut  the  diagrams  out,  separate  them 
and  paste  them  together  again  the  proper  distance  apart 
as  indicated  on  the  diagrams- herewith. 


Permutite,  a  Water-Softener 

A  new  process  for  softening  water  has  been  introduced 
in  Germany  by  Eiedel  &  Cie  Actien  Gesellschaft,  Berlin. 

In  a  filter  apparatus  about  3  ft.  in  diameter  and  10  ft. 
in  height  is  placed  about  two  tons  of  a  material,  named 
"Permutite"  by  its  inventor,  Professor  Gans,  of  Berlin. 
it  is  a  silicate  of  aluminum  and  sodium  and  is  obtained 
by  smelting  together  clay,  soda,  silica  and  one  or  two 
minor  substances.  The  result  is  an  artificial  zeolithe, 
that  is,  a  sdica  of  soda  in  which  the  sodium  mav  be  re- 
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IX  THE  Jan.  21  Issue.    Shaded  Areas  Show  Where  the  Diagra^is  Should  Be  Extended  Horizontally 

redrawing  of  the  diagrams  which  formed  pages  74  and      placed  by  calcium,  magnesia  or  manganese,  if  solutions 
75  of  the  article.  of  these  metals  are  filtered  through  a  bed   of  the  sub- 

Evidently  the  draftsman,  with  an  eye  to  space  economy,      stance.     If  a  solution  of  calcium  carbonate,  for  instance. 
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is  filtered  ihrough  the  permutite,  the  latter  retains  the 
calcium  and  the  water  leaving  the  api>aratns  contains 
sodium  instead. 

An  apparatus  such  as  referred  to  is  capable  of  soften- 
ing 5500  gal.  of  water,  showing  a  hardness  of  18  deg., 
within  an  hour,  or  66,000  gal.  in  18  hr.  After  this  time, 
it  should  be  rested  or  rather  regenerated.  The  process 
of  regeneration  consists  in  passing  through  the  permu- 
tite a  salt  (XaCl)  .solution  containing  from  six  to  eight 
times  as  nuu-h  sodium  as  there  was  calcium  and  mag- 
iR'sium  retained  b_v  the  filter  while  softening  the  water. 
(_)uce  a  month,  however,  twice  that  quantity  of  salt  should 
be  used  to  effect  positive  elimination  of  all  calcium  and 
magnesium  salts. 

Permutite  has  a  shiny  appearance,  similar  to  mother 
of  pearl,  and  is  made  in  grains  var3-ing  from  12  to  5o 
mesh,  so  that  the  surface,  which  determines  the  efficacy 
of  the  material,  is  relatively  great.  As,  in  the  manufac- 
ture of  the  material,  the  soluble  silicates  are  removed  by 
treatment  with  hot  water  before  the  permutite  is  put  into 
the  apparatus,  practically  no  loss  of  weight  is  encountered 
during  service.  A  test  made  in  a  German  factory  showed 
a  loss  of  weight  of  5  per  cent.,  or  198  lb.,  after  one  year 
of  use. 

Large  National  Heater 

One  of  the  hirgest,  if  not  the  largest,  hot-water  heaters 
ever  built  is  herewith  illustrated.  It  is  of  the  U-beud 
type,  Fig.  1,  and  has  a  capacity  of  125,000  lb.  of  water 
per  hour,  heating  it  from  100  to  212  deg.  F.  with  ex- 
haust steam.  It  sets  horizontally  on  cradles  and  is  almost 
9  ft.  long,  514  ft.  in  diameter,  and  contains  two  hundred 
and  twelve  IVt-i"-  brass  tubes  expanded  into  a  header. 

Water  enters  at  the  front  through  an  S-in.  inlet  and 


Fk;.  1.    JjAitoK  National  Hkaiiii 

flows  througli  a  liank  of  tui)es,  passing  longil  iidiiiiilly  froiii 
liniit  to  rear,  then  to  the  front  again,  and  again  to  the 
ii  ar,  making  four  passes  before  leaving  through  a  water 
millet  of  the  same  size,  also  at  the  front.  Fig.  2.  The 
water  is  compelled  to  travel  through  the  tulies,  as  stated 
by  baffles  on  the  header.  These  bafflles  divide  the  space 
horizontally    into   two   main    sections,   and    other   baffles 


di\ide  the  upper  section  into  three  parts  and  the  lower 
section  into  two  parts,  as  shown. 

Steam  enters  a  10-in.  inlet  at  the  top  and  entirely  sur- 
rounds the  tubes,  the  condensate  leaves  the  heater  by  a 
4-in.  drain  at  the  bottom.  All  tubes  are  of  brass.  The 
steel-plate  shell,  does  not  corrode  because  it  is  not  in  con- 
tact with  the  water. 


.^ii^^SLL,, 


Fig.  2.   Pipe  Coils  axd  Headku  Hlmoved 

The  heater  can  be  used  as  a  storage  heater  by  reversing 
the  action,  that  is — directing  the  steam  through  the 
tubes  which  are  then  surrounded  with  water. 

This  heater  is  made  by  the  National  Pipe  Bending  Co., 
New  Haven,  Conn. 

Turners  Falls  Hydro-Electric  Develop- 
ment 

Extensive  developments  are  being  jilanned  by  the 
Turners  Falls  Co..  Turners  Falls,  Mass..  near  its  present 
generating  .station  on  the  Connecticut  Eiver,  states  the 
Engineering  Becord.  The  present  station  is  rated  at 
7000  hp.  and  receives  its  waters  through  a  canal  which 
is  diverted  from  the  river  above  the  town.  This  canal 
is  to  be  extended  more  than  two  miles  to  Montague  City, 
where  a  fall  of  60  fl.  will  be  obtained.  A  new  dam,  now 
in  course  of  construction,  will  provide  sufficient  storage 
for  the  generation  of  40,000  hp.  during  eight  months 
of  the  year.  The  ])ower  developed  at  Turners  Falls  is 
^old  to  a  number  of  allied  companies  which  act  as  dis- 
tributers. 

A  high-tension  line  from  the  station  at  Turners  Falls 
is  at  present  being  built  through  Greenfield,  Amherst 
and  Chicoi-eo.  with  a  branch  to  East  Hampton.  The 
main  line  will  ])rol)ably  later  be  extended  across  the  Con- 
necticut Hiver  through  West  Sjiringfield.  A  substation 
is  being  built  at  Chicopee  and  the  local  distribution  in 
the  town  and  vicinity  will  be  at  13,200  volts.  The  com- 
))any  is  also  building  a  substation  at  Amherst,  which  will 
i)e  a  seetionalizing  station  in  the  transmission  line  and 
will  also  contain  transformers  for  local  distribution  by 
the  Amherst  Gas  Co. 

The  power  plant  at  Turners  Falls  will  have  a  reserve 
in  the  steam  plant  of  the  Greenfield  Electric  Light  Co. 
at  Greenfield  and  one  of  the  East  Hampton  Gas  Co.  at 
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Mount  Tom.  A  66,000-volt  branch  circuit  will  con- 
nect the  Amherst  substation  with  the  Mount  Tom  steam 
station.  The  transmission  line  is  complete  as  far  as  Am- 
herst and  will  be  finished  to  West  Springfield  in  June. 
The  Cliicopee  substation  will  be  ready  i^or  operation 
about  July  1. 

Canadian  Inspection  of  Boiler 
Construction 

Boiler  inspection  standards  and  regulations  will  be  uni- 
form throughout  the  Canadian  provinces,  after  July  1.  as  a 
result  of  negotiation  between  representatives  from  the 
different  provinces,  states  "Engineering  News."  These  regu- 
lations provide  for  the  rigid  inspection  of  all  boilers  during 
construction  to  see  that  proper  materials  and  safe  meth- 
ods are  employed.  The  object  in  making  the  regulations 
uniform  is  to  insure  a  uniform  degree  of  safety  and  to  en- 
able a  certificate,  granted  in  respect  to  a  boiler  in  one  prov- 
ince, to  be  accepted  in  any  of  the  others. 

To  carry  out  the  provisions  of  the  act  the  province  will 
be  divided  into  districts  "with  a  chief  inspector  and  two  or 
three  district  inspectors.  These  inspectors  will  be  given 
ample  discretionary  po^ver  in  their  work,  with  authority  to 
insist    on    a    proper    standard    of    efficiency    being    maintained. 

Hitherto  there  has  been  no  such  system  of  inspection. 
Steamboat  and  railway  boilers  are  not  included,  as  these  are 
dealt  with  in  a  separate  act.  Once  a  boiler  is  inspected  and 
installed  it  passes  under  the  jurisdiction  of  the  inspectors 
under  the  factories  act.  But  where  an  old  boiler  is  resold 
that  has  not  been  examined  within  one  year  of  the  time  of 
sale,  it  may  not  be  moved  and  applied  to  new  work  without  a 
further  inspection. 


Directory  of  Commercial  Organizations 

In  response  to  a  Senate  resolution  passed  in  December,  the 
Department  of  Commerce  has  submitted  to  the  Senate  a  list 
of  the  commercial  organizations  in  the  United  States.  This 
record,  with  a  list  of  agricultural  organizations,  will  be 
printed  for  distribution,  provision  being  made  for  1500  copies 
for  the  use  of  the   Senate. 

The  list  of  commercial  organizations  was  prepared  by  the 
Bureau  of  Foreign  and  Domestic  Commerce,  which  for  nearly 
two  years  has  been  collecting  for  use  in  its  own  work  de- 
tailed information  regarding  such  organizations,  their  func- 
tions, membership,  income,  etc.  The  information  in  the  files 
of  the  bureau  at  the  time  the  resolution  was  adopted  was 
supplemented  by  such  additional  facts  as  it  was  possible  to 
obtain  before  Feb.  15,  the  date  on  which  the  list  was  to  be 
submitted  to  the  Senate,  and  this  list  when  published  will 
record  about  3500  national,  interstate,  state  and  local  organi- 
zations. 

In  the  compilation  of  its  information  the  bureau  has  util- 
ized various  symbols  to  indicate  the  field  of  service  and  the 
activities  of  the  various  organizations.  These  symbols  have 
been  used  in  the  list  submitted,  so  that  when  published  it 
will  furnish  a  complete  record  of  the  organizations.  The  in- 
formation thus  compiled  constitutes  a  directory  of  commercial 
organizations  of  the  country  such  as  has  never  before  been 
prepared  and  it  should  prove  of  practical  value  to  business 
men. 

In  addition  to  the  1500  copies  for  the  use  of  the  Senate,  the 
list  will  be  issued  as  a  bulletin  of  the  Bureau  of  Foreign  and 
Domestic  Commerce  (Miscellaneous  Series  No.  8).  Copies  of 
this  bulletin  will  be  sold  for  15c.  a  copy  by  the  Superintend- 
ent of  Documents,  Government  Printing  Office,  Washington, 
D.  C. 


Allis-Chalmers  Manufacturing  Co. 

Directors  of  the  Allis-Chalmers  Manufacturing  Co.,  formed 
to  succeed  the  Allis-Chalmers  Co.,  met  in  New  York  on  Mar. 
17,  and  completed  their  organization  by  electing  officers. 
John  H.  McClement,  of  New  York,  was  made  chairman  of  the 
board  of  directors,  and  Otto  H.  Falk,  of  Milwaukee,  president 
of    the    company. 

The  executive  committee  chosen  was  Frederick  Vogel,  Jr., 
president  of  the  First  National  Bank  of  Milwaukee;  Gustave 
Pabst,  chairman  of  the  Pabst  Brewing  Co.;  J.  D.  Mortimer, 
president  of  the  Milwaukee  Heat,  Light  &  Traction  Co.; 
Oliver    C.    Fuller,    head    of    the    Wisconsin    Trust    Co.,    of   Mil- 


waukee, and  Messrs.  McClement  and  Falk.  The  other  direct- 
ors are  Max  Pam  and  F.  O.  Wetmore,  of  Chicago,  Arthur  W. 
Butler,  Charles  W.  Cox,  Oscar  L.  Gubelman,  R.  G.  Hutchins, 
Jr.,  Arthur  Coppell.  and  William  C.  Potter,  of  New  York,  and 
James  P.  Winchester,   of  Wilmington. 

A  call  is  issued  for  the  rest  of  the  amount  due  on  as- 
sessments as  follows:  On  preferred  stock  $4  payable  on 
Apr.  24,  and  $4  on  May  15,  1913;  on  common  stock.  $2  on 
Apr.  24  and  $2  on  May  15,  1913.  It  is  stated  that  the  lines 
of  manufacture  which  were  produced  by  the  old  Allis- 
Chalmers  Co.  will  be  continued.  The  new  company  is  capi- 
talized at  $42,500,000,  and  is  said  to  have  a  substantial  work- 
ing  capital    through    assessments   on    stock. 


Engineering  Students   Make  Annual 
Inspection  Trip 

The  annual  inspection  trip  of  the  senior  mechanical  en- 
gineering students  of  the  Sheffield  Scientific  School,  Yale  Uni- 
versity, began  on  Mar.  12  and  lasted  eight  days.  Visits  -were 
made  to  Holyoke,  Schenectady,  New  York  City,  Hoboken, 
Harrison,    N.    J.,    Philadelphia    and   South    Bethlehem,    Penn. 

At  Holyoke  the  students  inspected  the  water-power  sys- 
tem and  plant  of  the  Crocker-McElwain  Co.,  manufacturers 
of  paper.  Two  days  were  spent  at  Schenectady,  the  first  de- 
voted to  the  General  Electric  C'o.'s  plant,  the  second  to  that 
of  the  American  Locomotive  Works.  At  the  General  Electric 
plant  the  students  were  the  guests  of  the  company  at  a 
luncheon  given  in  their  honor.  The  evening  of  the  same  day 
was  pleasantly  spent  at  a  dinner  in  the  Golf  Club  quarters  at 
which  the  Yale  alumni  feasted   the  undergraduates. 

In  New  York  City  the  students  were  guests  of  the  New 
York  Edison  Co.,  which  took  them  about  the  city  in  sight- 
seeing buses  and  treated  them  to  a  sumptuous  luncheon  at 
one  of  its  substations.  The  Waterside  stations  were  opened 
to  the  students  for  inspection,  as  were  the  Interborough  sta- 
tion on   Fifty-ninth   St.  and   the   new   Grand  Central   Station. 

The  next  few  days  were  spent  at  the  Keuffel  &  Esser  Co.'s 
plant  in  Hoboken.  the  Henry  R.  Worthington  Harrison  plant, 
the  Lardner's  Point  pumping  station  at  Wissoning,  Penn.,  the 
establishment  of  the  Curtis  Publishing  Co.,  and  the  Cramp 
Co.    shipyard    in    Philadelphia. 

The  big  thing  of  the  trip  was  a  visit  on  the  last  day  to 
the  South  Bethlehem  plant  of  the  Bethlehem  Steel  Co..  where 
the  students  were  shown  through  the  plant,  tracing  its  prod- 
ucts   from    the    ore    to    the    finished    piece. 


Charters  for  54  Electric  Firms 

Fifty-four  electric  companies  in  Allegheny,  Westmoreland, 
Washington  and  Greene  counties  were  chartered  at  Harris- 
burg,  Penn.,  on  Mar.   27,   each  with   $5000   capital. 

Thirty-one  of  the  companies  are  incorporated  by  Arthur 
P.  Dampman,  H.  W.  Kalberer  and  W.  E.  Miller  of  Pitts- 
burgh; seven  companies  by  A.  E.  Dubois,  Byron  Trimble  and 
C.  W.  Shock  of  Pittsburgh;  14  companies  by  G.  F.  Godshall, 
Henry  Wharton  and  Spencer  Ervin  of  Philadelphia,  and  one 
by  W.  B.  Skelly,  John  W.  Newmyer  and  A.  F.  Ramsey  of 
Irwin. 

Blowoff  Pipe  Pulls  Out 

On  Mar.  19,  two  men  were  badly  scalded  in  the  boiler  room 
of  the  Montrose  Hotel,  Cedar  Rapids,  Iowa,  There  are  two 
125-hp.  return-tubular  boilers  in  the  plant,  but  only  one  of 
them  was  in  operation  and  was  carrying  a  pressure  of  about 
90  lb.  Suddenly  the  horizontal  run  of  the  4-in.  blowoff  pipe 
pulled  out  of  the  elbow  in  the  comhustio  i  chamber.  The 
force  of  the  steam  and  water  blew  open  the  firebox  doors  £.nd 
scalded  the  fireman.  Another  man  was  working  on  the  idle 
boiler  and  to  get  to  the  door  had  to  pass  through  the  escaping 
steam.     He  was  also  badly  scalded,  but  both  men  will  recover. 

The  pipe  was  not  protected  and  had  probably  deteriorated, 
through  the  action  of  the  gases,  to  such  an  extent  that  it 
could  not  withstand  the  working  pressure.  .^.nother  point 
worthy  of  notice  is  that  if  two  doors  had  been  provided  in 
the   boiler   room,   only   one   man   would    have    I'een   scalded. 


■Water  power  for  cotton  mills,  to  the  extent  of  about  100,- 
000  hp.,  has  been  developed  in  Georgia  and  the  Carolinas, 
according  to  a  report  of  the  United  States  Geological  Sur- 
vey. Public  service  corporations  in  these  three  states  are 
developing  from  300,000  to   400,000  hp. 
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DIE  BERECHNUNG  ROTIERENDER  SCHEIBEN  UND 
RINGE.  NACH  EINEM  NEUEN  VERPAHREN.  By  Max 
Donath.  Julius  Springer,  Berlin.  Pages  16:  6?4x9^  in.; 
paper;  5  illustrations  and  large  folded  chart.  Price  1 
mark. 

In  designing  steam  turbines,  turbine  pumps  and  all  other 
machines  of  high  rotative  speeds,  great  care  has  to  be 
taken  in  determining  the  inner  strains  of  all  revolving  parts. 
The  present  method  used  necessitates  an  extensive  knowledge 
of  higher  mathematics  and  has  the  disadvantage  of  taking 
considerable    time. 

In  this  little  pamphlet  the  author  develops  what  he  claims 
is  an  entirely  new  method  of  calculating  the  proportions  of 
such  parts  as  disks  and  rings.  He  has  simplified  it  enough 
for  anyone  possessing  some  knowledge  of  elementary  algebra 
to  be  in  position   to  do  the  work  in  relatively  short   time. 

In  the  five  chapters  comprising  the  booklet,  the  author 
starts  with  the  development  of  his  new  method  and  con- 
tinues to  show,  how,  by  means  of  his  formulas  and  chart, 
disks  of  even  thickness  and  disks  of  uniform  strength 
radially    can    be    easily    designed. 

Practical  examples  explain  the  method  of  finding  general 
profiles  of  revolving  disks  as  especially  adapted  for  steam 
turbines.  The  whole  is  written  in  simple  language  and  can 
be  understood  by  any  man  with  mechanical  ability  and  a 
know^ledge  of  German.  This  pamphlet  should  be  useful  to 
designers  of  steam  turbines,  turbine  pumps,  turbo  blowers, 
etc. 


COST      REPORTS      FOR      EXECUTIVES. 
Franklin.       The     Engineering     Magazir 
Cloth;    149    pages,    S^^xSVz    in.;    plates; 


Bv      Benjamin      A. 

Co.,     New     York. 

ndexed.      Price    $5. 


PRACTICAL  MATHEM.\TICS  FOR  TECHNICAL  STUDENTS. 
By  Edward  L.  Bates  and  Frederick  Charlesworth.  D.  Van 
Nostrand  Co..  New  York.  Cloth;  513  pages,  4%x7>^  in.: 
325    illustrations;    tables:    indexed.      Price   $1.50. 

PRACTICAL  GEOMETRY  AND  GRAPHICS  FOR  TECHNICAL 
STUDENTS.  By  Edward  L.  Bates  and  Frederick  Charles- 
worth.  D.  Van  Nostrand  Co..  New  York.  Cloth;  621 
pages,  4%x7iA  in.;  666  illustrations;  tables:  indexed. 
Price   $2. 


SOCIETY    NOTES 


city  of  Dayton.  The  trustees,  furthermore,  feel  that  this  un- 
selfish devotion  and  patriotic  social  service,  typical  of  a  long 
life  devoted  to  social  welfare,  should  not  be  accepted  by  the 
museum  or  the  public  in  silence." 

The  annual  meeting  of  the  National  Association  of  Cotton 
Manufacturers  will  be  held  at  Boston,  Mass..  Wednesday  and 
Thursday,  Apr.  24  and  25,  in  Huntington  Hall,  Massachusetts 
Institute  of  Technology.  The  sessions  will  be  called  to  order 
on  Wednesday  at  11  a.m.  and  2:30  p.m.,  and  on  Thursday  at 
10;30  a.m.  and  2:30  p.m.  Governor  Foss,  a  member  of  this 
association,  and  Richard  C.  Maclaurin,  president  of  the  Massa- 
chusetts Institute  of  Technology,  have  consented  to  give  ad- 
dresses of  welcome.  Senator  John  TV.  Weeks,  an  honorary 
member  of  the  association,  will  also  give  an  address  if  his 
duties  permit  him  to  leave  Washington  at  the  time.  In  addi- 
tion to  the  opening  address  by  President  Edwin  Farnham 
Greene,  papers  are  expected  on  the  following  subjects  among 
others:  "Centralized  Power  Plants,"  "Economy  in  Lubrica- 
tion."   and    "Economy    of    Superheated    Steam." 


OBITUARY 


WILLIAM  H.  FLETCHER 
William  H.  Fletcher,  the  vice-president  of  the  W.  &  A. 
Fletcher  Co.,  steamboat  and  steam  yacht  builders,  and  presi- 
dent of  the  Consolidated  Iron  Works,  of  Hoboken.  who  was  a 
well  known  marine  engineer,  died  Apr.  2  at  his  home,  777 
West  End.  Ave.,  New  Y'ork  City.  Mr.  Fletcher  was  a  mem- 
ber of  many  clubs  and  societies.  He  leaves  a  wife,  one 
daughter  and   two   sons. 


PERSONALS 


William  Martin,  for  several  years  manager  of  the  Ne%v 
York  office  of  the  Kennedy  Valve  Manufacturing  Co.,  resigned 
that  position  on  Apr.   1. 

D.  C.  &  William  B.  Jackson,  the  Boston  consulting  engi- 
neers for  electric  and  allied  properties,  have  moved  from  84 
State  St.   to   248   Boylston   St.,   that   city. 

Frank  Heimboldt,  who  for  the  past  sixteen  years  has 
been  chief  electrician  for  the  Prudential  Insurance  Co.  at 
its  home  office  in  Newark,  N.  J.,  has  accepted  the  position  of 
superintendent  of  the  Guaranty  Trust  Co.  building,  at  Liberty 
St.  and  Broadway.  New  York  City. 


The  New  England  Society  of  Superintending  Engineers 
held  its  regular  monthly  meeting  and  dinner  at  the  American 
House.  Boston,  Mass.,  on  the  evening  of  Mar.  29.  A  number 
of  prominent  engineers  were  elected  to  membership.  The 
business  of  the  evening  was  taken  up  mostly  in  the  framing 
of  by-laws.  It  is  the  intention  of  the  society  at  all  future 
meetings  to  have  papers  on  engineering  topics  read  and  dis- 
cussed.     President    George   W.    Walsh    presided. 

On  the  evening  of  Apr.  2,  the  fourth  annual  banquet  of  the 
Northampton  No.  3  Association,  N.  A.  S.  E.,  was  given  at  the 
Draper  Hotel,  Northampton.  Mass.  The  committee  having  the 
banquet  in  charge  worked  hard  to  make  this  year's  dinner 
excel  all  former  efforts.  It  Included  Chairman  Day  and  R.  P. 
Benedict.  T.  F.  Butterworth.  F.  C.  Howard.  C.  S.  Clark,  E. 
N.  Krone  and  J.  J.  Hrennan.  A  fine  musical  program  was 
given  by  the  Easthampton  Mandolin  Club,  the  Easthampton 
Male  Quartet  and  the  Northampton  Glee  Club.  Among  the 
speakers  and  entertainers  were  the  Mayor  of  Northampton, 
W.  H.  Feiker;  Past  National  Presidents  H.  E.  Stone  and  P.  H. 
Hogan.  State  Vice-President  A.  M.  Day  and  Jack  Armour  of 
"Power."      Frank    K.    Davis    was   a    most    efficient    toastmaster. 

The  following  resolution  by  the  American  Museum  of 
Safety  trustees  has  been  forwarded  to  President  John  H.  Pat- 
terson, of  the  National  Cash  Register  Co..  Dayton,  Ohio,  In 
recognition  of  his  heroic  work  among  the  flood  sufTerers: 
"Resolved,  That  the  trustees  of  the  American  Museum  of 
Safety  by  formal  resolution  desire  to  express  their  esteem 
and  appreciation  of  the  civic  heroism  and  the  unselfish  devo- 
tion of  John  Henry  Patterson,  president.  National  Cash 
Register  Co.,  one  of  the  gold  medalists  of  the  Museum  this 
year,  In  placing  himself,  his  family,  and  his  factory,  un- 
stintedly In  the  service  of  rescuing,  sheltering,  and  feeding 
the  affiicted  In  the  great  flood  catastrophe   overwhelming   the 


St.  John  (N.   B.)  Proposed 
Development 

The  New  Brunswick  (Canada)  Hydroelectric  Co.  proposes 
to  develop  within  50  miles  of  St.  John  15,000  to  20,000  hp. 
and  transmit  the  current  to  the  city  to  be  used  for  light  and 
power  purposes.  Legislation  relative  to  street  railways  will 
result  in  an  extension  of  the  St.  John  Street  Ry.  system  into 
the  suburban  districts,  enabling  the  city  to  expand  In  these 
directions.  This  is  considered  importiint,  as  the  present  city 
is  somewhat   congested. 

Cleveland  Engineers   Hold  Smoker 

On  Saturday  evening,  Apr.  5,  a  smoker  was  held  by  Na- 
tional Association  No.  5,  of  Cleveland,  Ohio,  at  Klks  Hall. 
About  three  hundred  were  present,  including  a  large  delega- 
tion from  No.  47  of  that  city.  Three  of  the  national  officers. 
James  R.  Coe.  vice-president.  Fred  W.  Raven,  secretary,  and 
Samuel  B.  Forse.  treasurer,  were  In  attendance,  as  well  as 
K.  G.  Ingleson.  Past  President  J.  E.  Radigan  was  the  toast- 
master. 

Interesting  addresses  were  made  by  the  national  officers 
and  by  F.  R.  Low.  editor  of  "Power";  T.  W.  Roberts,  past 
president  of  No.  47.  and  Mr.  Osborn,  president  of  the  Central 
States   Supplymen's   Association. 

The  entertainment  comprised  numbers  by  Kenneth  O.  Mer- 
rill. William  Murray.  Fred  HIckey.  the  Olmstead  quartet  and 
Jack  Armour.  A  variety  of  refreshments  was  served.  The 
committee  Included  H.  J.  Baler.  J.  B.  Lahlff.  J.  B.  Clapper, 
E.   E.  TIndall.  G.   R.  Henderson  and  Thomas  Phillips. 
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Indiana  Model  Public-Utility  Law 

The  Indiana  public-utility  law,  which  is  efiective  after 
May  1,  has  beeu  declared  a  model  law  iu  its  clearness 
and  practicability.  The  service  commission  created  un- 
der this  law  will  have  five  members,  not  moi'e  than  three 
of  whom  -will  be  of  the  same  political  party,  and  will  be 
appointed  by  the  governor  for  a  term  of  four  years.  The 
duties  of  the  former  railroad  commission  are  now  as- 
sumed bj'  the  commission,  which  is  authorized  to  em- 
ploy such  attorneys,  engineers,  examiners,  experts,  ac- 
countants, etc.,  as  may  be  necessary. 

Each  public  irtility  must  furnish  reasonably  adequate 
service  and  facilities,  and  the  charges  shall  be  reasonable. 
Each  must  render  to  the  commission  uniform  accounts 
of  all  business,  and  if  engaged  directly  or  indirectly  iu 
any  other  business  shall  make  separate  reports  thereof 
if  so  ordered.  The  commission  will  prepare  suitable 
blanks  and  forms  for  carrying  out  its  purposes.  No  pub- 
lic utility  shall  keep  any  other  books,  accounts  or  records 
except  those  prescribed  or  approved  by  the  commission, 
unless  required  by  some  other  public  authority. 

Every  public  utility  must  carry  an  adequate  deprecia- 
tion account  whenever  the  commission  determines  that 
it  can  be  reasonably  required.  Depreciation  charges  shall 
be  set  aside  out  of  the  earnings  and  carried  iu  a  fund 
which  may  be  expended  either  for  new  construction,  ex- 
tensions or  additions  to  the  pro])erty  or  may  be  invested ; 
if  invested,  the  income  shall  also  be  carried  in  the  fund. 
This  fund  and  its  proceeds  shall  be  used  only  for  de- 
preciation, and  in  no  eveut  shall  the  money  expended 
from  the  fund  for  new  construction  be  credited  to  the 
capital  account,  but  it  shall  be  charged  against  the  de- 
preciation fund. 

No  utility  may  charge  or  receive  a  greater  or  less  com- 
pensation for  any  service  performed  by  it  than  is  specified 
in  its  public  schedules.  The  commission  shall  provide 
for  a  comprehensive  classification  of  the  service  rendered, 
which  may  take  into  account  the  quantity,  the  time,  the 


purpose  for  which  used  and  other  reasonable  considera- 
tions The  conmiission  shall  have  authority  to  inquire 
into  the  management  of  all  public  utilities  and  obtaiu 
in  any  case  all  necessary  information  to  enable  it  to  per- 
form its  duties,  including  the  right  to  inspect  books,  ac- 
counts, records,  etc.,  and  to  examine  under  oath  any  of- 
ficer or  employee  in  relation  to  business  affairs. 

This  commission  is  to  have  complete  authority  over  the 
issues  of  stocks,  bonds,  notes  and  certificates  of  indebted- 
ness by  public-utility  companies.  No  public  utility  shall 
issue  any  stock  or  certificate  of  stock  except  in  consider- 
ation of  money  value,  as  found  by  the  commission  or  at 
such  premium  as  may  be  approved  by  it.  When  two  or 
more  corporations  are  merged  the  combined  capitaliza- 
tion shall  not  exceed  the  sum  of  the  capital  stock  of  the 
corporations  consolidated  except  for  additional  .sums  of 
cash  actually  paid  out.  No  contract  for  consolidation  or 
lease  or  merger  shall  be  capitalized. 

No  licen.'-e,  permit  or  franchise  will  be  granted  to  any 
interest  to  own,  operate,  manage  or  control  any  public 
utility  in  any  municipality  where  one  is  already  iu  opera- 
tion and  furnishes  similar  service  under  an  indeterminate 
license,  franchise  or  permit  unless  the  commission  has  de- 
clared, after  a  public  hearing,  that  the  public  interest  re- 
quires a  .second  utility  and  the  resulting  competition. 

The  act  forbids  any  public  utility  to  give  free  .service, 
franks  or  special  privileges  to  any  patron  or  public  of- 
ficer, or  to  any  political  committee  or  candidate  for  pub- 
lic office.  Violation  of  this  provision  is  punishable  by 
not  less  than  one  or  more  than  five  years'  imprisonment, 
or  by  a  fine  of  not  less  than  $200  or  more  than  $1000. 

Bebates  are  declared  unlawful.  Violation  of  any  of  the 
provisions  of  the  act  by  any  officer  or  agent  of  a  public 
utility  is  a  misdemeanor  and  punishable  by  a  fine. 

The  commission  shall  have  the  power  to  enforce  the 
provisions  of  all  other  public-utility  laws.  A  sum  suffi- 
cient to  carry  out  the  provisions  of  the  act,  not  to  ex- 
ceed $75,000,  is  appropriated  annually  out  of  the  state 
treasurv. 


NEW     EQUIPMENT 


ATLANTIC     COAST     STATES 

Plans  are  being  considered  by  the  Beverly  Gas  &  Electric 
Co.,  Beverly,  Mass..  for  the  Improvement  of  its  plant  and  ex- 
tension  of  its  system.     A.   Macauley   is   superintendent. 

The  citv  of  Springfield,  Mass..  is  considering  plans  for  the 
construction  of  an  electric-light  plant  to  furnish  light  for  the 
recently  completed  group  of  municipal  buildings.  John  A. 
Dennlson  is  mayor. 

Preliminarv  arrangements  are  being  made  for  the  instal- 
lation of  an  electric-light  plant  at  Williams  College,  W^il- 
liamstown,  Mass.,  to  furnish  electricity  for  all  the  college 
buildings. 

The  Elmira  Water,  Light  &  R.R.  Co.  is  preparing  plans  for 
the  construction  of  a  new  power  plant  at  Elmira.  N  T.  H. 
il.    Eeardsley    is   manager. 

Permission  has  been  granted  to  the  Public  Service  Electric 
Co.  to  construct  an  addition  to  its  power  plant  on  Duffleld 
Ave.,  Jersey  City.  N.  J.  Estimated  cost.  580,000.  Dudley  Par- 
rand,    Newark,  N.  J.,   is  general   manager. 

SOfTHERX    ST.VTES 

Plans  have  been  prepared  for  the  construction  of  a  munici- 
pal electric-light  plant  at  Camden,  S.  C.  Estimated  cost. 
$35,000. 

Bonds  for  $30,000  have  been  voted  for  the  construction  of 
a  water-works  system  at  McColl,  S.  C.     J.  R.  Bivens  is  mayor. 

The  city  of  Atlanta,  Ga..  is  considering  plans  for  the  in- 
stallation of  an  electric-generating  plant  at  the  river  pump- 
ing station.  Estimated  cost.  $9500.  R.  M.  Clayton  is  chief 
of  the  construction  department  and  R.  C.  Turner  is  city 
engineer. 

The  Washington  Ice  Co.,  New  Orleans,  La.,  is  building  a 
two-story  brick  addition  to  its  factory. 


.\n  election  will  be  held  Apr.  24  by  the  citizens  of  Dresden, 
Tenn,  to  vote  on  the  proposition  to  issue  $24,000  In  bonds  for 
the   construction  of  an  electric-light  plant. 

The  construction  of  an  electric-light  plant  at  Gleason, 
Tenn.,  is  under  consideration. 

The  Nashville,  Chattanooga  &  St.  Louis  R.R..  of  which 
Horace  Smith,  Nashville,  Tenn.,  is  general  manager,  will 
purchase  boilers  for  a  small  power  plant  it  is  to  install  at 
Paducah.  Ky..  for  the  operation  of  a  round-house  and  ma- 
chine shop  it  has  recently  built  there. 

The  Park  City  Mills.  Bowling  Green,  Ky„  will  buy  electric 
motors  for  the  operation  of  the  special  equipment,  having 
decided  to  convert  from  steam  power  to  the  electric  drive. 
Address  R.   D.   McReynolds. 

Tee  machinery  will  be  needed  by  the  Fayette  National 
Bank,  Lexington,  Ky.,  for  its  new  15-story  office  building, 
which    is   now   being   erected. 

CENTR.\I^    ST.VTES 

The  village  of  Lindsey,  Ohio,  is  making  preliminary  ar- 
rangements for  the  construction   of  an   electric-light   plant. 

The  Rubber  Co.  of  Norwood,  Ohio,  will  install  five  new 
boilers  and  an  automatic  stoker  in  its  plant.  Estimated  cost, 
,  $25,000. 

Plans  have  been  prepared  for  the  improvement  of  the 
municipal  electric-light  plant  and  svstem  at  Goshen,  Ind. 
Estimated  cost.  $30,000.  Burns  &  McDonnell,  Scarrltt  Bldg., 
Kansas  City.   Mo.,  are  consulting  engineers. 

WEST    OF    THE    MISSISSIPPI 

The  construction  of  new  municipal  electric-light  plant  at 
Windom.  Minn.,    is  under  consideration. 

Plans  are  being  prepared  for  the  construction  of  an  elec- 
tric-light  plant   at   Interior.   S.    D. 

A  company  is  being  organized  at  Oacoma,  S.  D.,  for  the 
purpose  of  constructing  an  electric-light  plant.  J.  B.  Ken- 
nedy is  interested  in  the  project. 

The  commercial  club  of  White,  S.  D.,  is  taking  steps  toward 
the  installation  of  an  electric-light  plant  and  water-works 
system. 
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Look  to  Your  Boiler  Room 


THE  more  complete  and  exact  an  en- 
gineer's knowledge  is  of  the  science  of 
steam  engineering  the  more  successful 
he  should  be.  The  best  surgeon  is  not  always 
he  who  has  the  handsomest  set  of  instru- 
ments but  he  who  can  use  those  which  he  has 
in  the  most  skillful  way.  Likewise,  the  best 
engineer  is  not  necessarily  he  who  has  the 
most  pleasing  looking  plant  but  he  who  gets 
the  best  obtainable  results  w^th  the  apparatus 
he  has  charge  of.  And,  other  things  being 
equal,  the  man  who  is  best  versed  in  the 
philosophy  of  the  art  will  secure  the  best 
results,  because  he  can  test  to  find  out  whether 
the  results  he  is  getting  are  good,  bad  or  in- 
different. Thus,  from  his  observations  and 
by  his  knowledge  he  can  diagnose  the  trouble 
when  any  is  present  and  take  the  necessary 
steps  to  overcome  it. 

The  boiler  room  has  long  been  neglected. 
It  is  still  left  too  much  to  take  care  of  itself. 

Engines  fitted  with  suitable  governors  and 
given  a  rational  quantity  of  lubrication  will 
do  their  duty  without  any  particular  atten- 
tion, and  with  economy  which  at  least  is  uni- 
form in  degree.  No  need  for  personal  man- 
ipulation to  meet  every  slight  variation  of 
load  or  requirement — the  engine  responds 
automatically. 

In  the  boiler  room,  however,  things  are 
different.  Here,  the  personal  element  is  a  big 
factor.  Intelligence  and  skill  count  for  much. 
Yet,  not  only  is  the  fireman  often  hired  solely 
on  his  physical  qualifications,  but  after  he  is 


hired,  his  work  is  usuall}'  but  poorly  super- 
vised and  his  training  is  seldom  thought  of  at 
all.  As  long  as  he  holds  the  steam  pressure 
where  it  belongs,  he  is  not  asked  to  do  more. 

Now,  this  is  all  wrong.  The  fuel  is  usually 
the  biggest  item  in  the  cost  of  power  genera- 
tion. A  dollar  will  buy  so  much  coal.  So 
much  coal  contains  so  much  heat.  After 
paying  your  dollars,  why  not  use  as  much  of 
the  heat  that  you  have  bought  as  you  pos- 
sibly can  ?  To  bum  coal  so  that  the  maximum 
of  its  heat  will  go  into  the  water  and  form 
steam  is  a  fine  art. 

Ever}'  engineer  should  know  the  limita- 
tions of  his  boiler  equipment  so  well  that  he 
can  get  the  best  results  under  all  conditions. 

On  page  582  of  this  issue  we  print  the  first 
of  a  series  of  articles  dealing  with  boiler-room 
economy.  These  articles  will  tell  "the  whole 
story"  from  start  to  finish  and  will  follow 
each  other  in  logical  order  so  that  when  the 
last  one  has  been  read — and  digested — the 
reader  ought  to  know  all  the  fundamental 
facts  about  the  economical  combustion  of  fuel. 

In  this  series  the  writer  will  take  nothing 
for  granted — everything,  no  matter  how  sim- 
ple it  may  seem  to  some,  will  be  fully  ex- 
plained. If  you  don't  fully  understand  every 
statement  made,  don't  let  the  matter  slide. 
Write  to  us  telling  us  just  what  it  is  you  don't 
understand.  Your  letter  will  be  treated  with 
strict  confidence  and  you  will  receive  a  prompt 
reply  with  the  additional  information  needed. 
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Power  Plant  of  Jacksonville  Traction  Co. 


SYNOPSIS — .-1  >iJiUU-ku-.  reciprocatiny-engine  power 
■plant,  (jenerating  electrical  energy  for  street-car  service. 
The  engines  operate  condensing  and  are  supplied  mill 
steam  superheated  7-5  deg.  F.  Three  600-hp.  irater- 
tiihe  boilers,  designed  to  generate  .iteam  at  200  lb.  pres- 
sure, are  used. 


covered  tail  rods,-  as  shown  in  Fig.  2.  View.s  of  tlie 
valve  gear  of  the  high-  and  low-pressure  cylinders  of  these 
engines  are  shown  in  Figs.  3  and  4.  Three  eccentrics 
are  used,  one  to  operate  the  exhaust  valves,  one  for  the 
steam  valves  and  a  third  to  operate  the  valve-cutoff  gear, 
thus  relieving  the  soveruor  of  undue  friction. 


.Jacksonville,  Fla..  has  a  jjopulation  of.  a]iproximately. 
5!', 000  inhabitants  and  is  well  supplied  with  street-car 
service,  the  power  to  operate  which  is  generated  at  the 
new  power  hou.se  of  the  Jacksonville  Traction  Co.  This 
plant  is  on  Eiverside  Ave.,  on  the  water  front  of  the  St. 
John's  Eiver.  It  is  on  a  four-acre  lot.  graded  to  bring 
it  above  the  water  level. 

Owing  to  the  nature  of  the  soil,  it  was  necessary  to 
drive  about  1300  piles  under  the  station  foundation.  The 
site,  improved  by  filling  in,  is  approximately  48.000  sq.ft. 
in  area  and  reaches  from  the  street  to  the  water  front. 
The  building  is  a  one-stor)'  structure  of  brick  and  steel 
with  concrete  footings,  as  shown  in  Fig.  1.  and  has  a  lawn 
in  front. 

Entrance  to  the  engine  room  is  through  the  engineer's 
office,  at  the  right  front  corner  of  the  building.  There  are 
two  cross-compound  engines  directly  connected  to  direct- 
current  generators  of  1200-kw.  capacity  each.  The  cyl- 
inders are  27x60x48  in.  and  a  speed  of  100  r.p.m.  is  main- 
tained with  150  lb.  steam  pressure.     These  engines  havs 


Pig.  1.    PowKTj  Pi.axt  of  the  Jacksonville 
Tkaciiox  Co. 


Fig.  2.    \ilw  of  the  Engine  Eoom,  Showing  the  Tu 
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Steam  is  supplied  through  6-iu.  steam  pipes  connected 
to  a  18-in.  steam  header  in  the  ooiler  room  at  the  back 
of  the  boilers.  Steam  pipes  drop  down  from  the  boiler 
outlets  to  this  header,  which  is  placed  about  5  ft.  above 
the  boiler-room  floor.  A  small  50-kw.  unit,  consisting  of 
a  three-phase,  60-cycle,  alternating-current  generator  and 
exciter,  is  driven  by  a  600-volt  direct-current  motor,  and 
used  for  station  lighting. 

Both  main  engines  are  lubricated  in  a  manner  not 
found  in  most  plants.  Instead  of  piping  a  lubricator  to 
the  steam  pipe  next  to  the  engine,  one  is  attached  to  each 
branch  pipe  leading  to  the  engine,  ju.st  above  the  main 
header.  The  oil-discharge  pipes  of  the  lubricator  extend 
nearly  across  the  steam  pipe  and  are  perforated  ou  the 


directly  connected  to  Sxll-in.  horizontal  engines.  The 
water  comes  to  the  pumps  through  a  Tl/2x5-ft.  intake  "725 
ft.  long,  extending  from  the  power  house  to  the  river 
front,  1214  ft.  below  the  low-water  level.  The  intake 
screen  walls,  constructed  of  reinforced  concrete,  extend  17 
ft.  below  the  low-water  level.  A  double  tunnel  of  rein- 
forced concrete  runs  throitgh  the  building  and  extends 
12  ft.  back  of  it,  l.i  ft.  below  the  low-water  level. 

Pumps 

All  pumps  are  in  the  basement  under  the  engine  room. 
The  two  rotating,  horizontal,  dry-air,  vacuum  pumps  are 
10  and  18  by  18  in.  in  size.  The  two  14  and  81/2  by 
15-in.,  duplex,  center-packed,  plunger,  boiler-feed  pumps. 


Fir;.  .'.    A  Poirriox  of  th 

lop  -ides.  This  way  of  feeding  the  oil  insures  its  being 
thoroughly  mixed  with  the  steam  before  it  reaches  the 
engine  cylinders.  The  lul)ricaf iiig  oil  is  returned  I0  a 
filler  of  I.")!)  gal.  capacity  per  hour. 

The  main  engines  exhaust  into  hvo  barometric  con- 
(bnsers,  wliicli  are  between  the  bfiiler  settings  and  (be 
wall  separating  the  boiler  and  engine  rooms.  '\A'ater  is 
Puoplied  to  the  condensers  by  two  12-in.  centrifugal  cir- 
culating j>uni])s  of  :iO00  gal.  per  tnin.  capacity,  wlibh  are 
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with  a  capacity  of  "250  gal.  per  min.  eaeli,  are  about  mid- 
way of  the  pump  room,  as  shown  in  Fig.  5.  There  is  also 
one  7V^  and  8I/2  by  10-in.,  duplex,  low-service  pump, 
with  a  capacity  of  250  gal.  per  min.,  and  one  2-in.  cen- 
trifugal, low-service  pump,  of  100  gal.  per  min.  capacity, 
directly  connected  to  a  TVo-hp.,  600-volt  motor.     An  18 


boiler.«,  as  shown  in  Fig.  6.  A  9x200-ft.  reinforced-con- 
crete  chimney  stands  between  the  two  sets  of  boilers.  The 
3000-hp.  open  heater  is  on  a  platform  level  with  the  top 
of  the  boilers;  the  exhaust  ])ipe  from  the  atixiliarics  en- 


FiG.  T.    Partial  View  OF  Tin:  ISm  1.1:1;  \U'n\i 
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and  10  by  12-in.  underwriter's  fire  puni]),  with  a  capacity 
of  1000  gal.  per  min.,  is  at  one  end  of  the  pump  room. 
This  room  also  contains  a  91/^  and  13  by  10-in.  air  com- 
pressor, with  a  capacity  of  92  cu.ft.  of  free  air  per  min. 


ters  it  at  the  end.  The  return  and  cool  makeup-water 
tank  is  on  the  boiler-room  floor  below  the  heater,  and  in 
front  of  it  are  the  damper  regulator  and  water-recording 
meter,  the  latter  having  a  capacity  of   125,000  lb.  per 


EQUIPMENT  OF  THE  JACKSONVILLE  TRACTION  GO'S  POWER  PLANT 


No.             Equipment  Type 

2  Engines Corliss 

2  Generators...  Direct  current 

2  Condensers Barometric 

3  Boiiers Water  tube 

2  Pumps Duplex 

1  Pump -  .  Duplex 

1  Pump Centrifugal 

1  Motor Direct  current 

1  Heater Open 

2  Pumps        -  Centrifugal 
2  Engines Horizontal 

2  Pumps Horizontal  rotative 

1  Pump Underwriter.s 

1  Water  softener Kennicott 

1  Recorder Lea 

1  Stack Concretc- 

2  Pumps.  .  Duplex 

1  Compressor  Westinghouse 

1  Crane Motor  travel 

1  Scale Track  pcale 

1  Filter Fleur-de-Us 


Purpose 
ain  unit.s 
Iain  units 
Engines 
gen. 
Boiler  feed 


Kw.      Volts      Hp.     R.p.r 


M 


St. 


Lo 

Centrifugal  pump 
Feed  water 
Circulating 
Cir.  pumps 
Dry  vacuum 

Fire 
Feed  water 


14x81x15" 
7ixSJxlO" 


12" 

8x11" 
10x18x18" 

18x10x12 
in.OOO   gal 

125,000  gal. 

per  hr. 

9'x200' 
3Jx2Jx4" 
95x13x10" 

30  ton 


Maker 
Nordberg  Mfg.  Co. 
General  Electric  Co, 
Mesta  Machine  Co. 
Edge  Moor  Iron  Works 

[  Henri-  R.  Worthingto 


.\lberger  Pump  &  Condenser  Co. 


Yarnall-Waring  Co. 

General  Concrete  Construction  Co. 
Henry  R.  Worthington 
Westinghouse  Air  Brake  Co. 
Niles-Bement-Pond  Co. 
Fairbanks  Co. 
Boston  Steam  Specialty  Co. 


Two  3I/2  and  2-14  by  4-in.  duplex  oil  pumps  handle  the 
oil  used  in  the  engine-lubricating  system. 

Boiler  Room 

Three  600-hp.,  water-tube,  hand-fired  boilers,  each 
equipped  with  a  superheater,  supply  steam  at  150  lb.  and 
75  deg.  superheat.  The  tops  of  the  boiler  settings  are 
flat,  with  concrete  filling,  and  a  concrete  platform  is  built 
between  the  single  boiler  setting  and  the  battery  of  two 


hr.  This  arrangement  centralizes  all  of  the  boiler-room 
apparatus  at  one  point,  convenient  for  observation  and 
attention.     Fig.  7  is  a  part  view  of  the  boiler  room. 

In  the  yard  is  a  30,000-gal.  overhead  fire  tank,  with  a 
head  of  90  ft.  and  a  30,000-gal.  overhead  water-storage 
tank,  with  a  head  of  60  ft.  Both  tanks  are  supported  by 
the  same  structural  work,  as  shown  in  Fig.  1. 

All  feed  water  is  treated  in  a  water-softening  plant, 
having  a  capacity  of  10,000  gal.  per  hr. 
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Coal  is  shipped  to  the  plant  by  water  and  unloaded 
into  a  car  by  a  steam-driven  locomotive  crane,  Fig.  8, 
having  a  capacity  of  17  tons  per  hr.  at  a  10-ft.  radius. 
When  the  coal  car  is  loaded  the  locomotive  crane  draws 
it  the  length  of  the  380-ft.  wharf  to  the  4000-ton  coal- 
storage  space,  outside  the  boiler  house,  where  it  is  un- 
loaded from  the  car  by  the  crane  and  clam-shell  bucket 
to  the  storage  pile,  or  is  unloaded  at  the  boiler  house  into 
a  small  coal  hopper.  Under  the  latter  the  boiler-room  fir- 
ing car  is  run,  loaded  and,  after  being  weighed  on  a  track 
scale,  pushed  to  any  boiler. 

The  average  coal  consumption  is  2.2-t  lb.  per  kw.-hr. 
for  a  2J:-hr.  run.  A  better  showing  than  this  would  bo 
made  were  it  not  for  the  inefficient  load  between  12  mid- 
night and  the  time  of  the  heavy  morning  load.  The  aver- 
age load  for  the  24  hr.  is  2300  kw.  A  reproduction  of  the 
log  sheet  used  at  the  plant  is  given  in  Fig.  9. 

Nine  years  ago  a  250-kw.  unit  was  sufficient  to  handle 
the  street-car  service  for  the  city.  Then  a  300-kw.  unit 
was  added,  and,  five  years  ago,  an  800-kw.  unit  was  in- 
stalled in  the  old  plant.  The  present  plant,  it  is  esti- 
mateil,  will  supply  the  city  with  street-car  service  for 
100,000  inhabitants.  The  ultimate  capacity  of  the  plant 
will  supply  the  needs  of  400,000  population. 

Actual  work  of  excavation  for  this  plant  began  Apr. 
3,  1911,  and  on  Xov.  1,  of  the  same  year,  one  engine  was 
started   noncondensmg.     On  Feb.   10,   1912,  the  station 


was  ready  to  deliver  power  with,  the  Xo.  1  engine  run- 
ning condensing,  and,  on  the  26  of  the  same  month,  the 
plant  was  turned  over  to  the  operating  company,  complete. 


Power  Plant  of  Elgin  Watch    Factory 

The  fact  that  the  Elgin  Watch  Factory  at  Elgin,  111., 
has  its  own  private  power  plant  has  made  some  very  in- 
teresting ''copy"  for  the  advertising  manager  of  their 
well  known  product.  Recent  advertising  of  the  Elgin 
company  gives  a  description  of  its  large  new  plant. 

Steam  is  generated  in  a  battery  of  four  boilers  wliicli 
are  equipped  with  self-stoking  grates.  There  are  two 
engines,  one  of  300  hp.  and  the  other  of  750.  Direct 
connected  to  these  engines  are  three  generators.  There 
are  also  one  steam-  and  one  motor-driven  e.xciter,  an  air 
compressor  and  a  refrigerating  system.  •  The  switchboard 
is  heavily  equipped  and  consists  of  14  panels. 

The  electrical  power  generated  is  supplied  to  every 
room  in  the  factory  by  motors  which  move  12,499  ft.  of 
main  shafting,  13,747  ft.  of  countershaftiug  and  73,837 
ft.  of  belting.  The  lamps  lighted  throughout  the  build- 
ing total  to  7000.  The  exhaust  steam  is,  of  course,  used 
to  heat  the  entire  establishment.  The  Elgin  plant  in 
every  way  shows  the  progressiveness  of  its  owners. — 
The  Isolated  Plaiif. 
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Pipe  Sizes  and  Steam  Velocities 


11^     (_■.     W.     11  Ail 


SY^OI'SfS — Discussion  of  the  delenniniiig  anisidcra- 
tions  in  selecting  sizes  for  high-pressure  piping  in  power 
stations  and  velocities  of  steam.  The  basi'i  should  be  a 
compromise  tyetween  radiation  and  friction  losses  and 
generally  higher  than  common  velocities  are  allowable. 
Steam  outlets  or  openings  on  equipment  are  not  safe 
gtiides  to  proper  pipe  sizes. 

While  piping  is  a  small  part  of  the  station  and  was 
formerly  considered  relatively  unimportant,  it  has  become 
a  leading  subject  for  study  in  connection  with  power- 
station  design.  There  seems  to  be  no  fixed  basis  for  the 
design  of  high-pressure  piping,  and,  while  the  subject  of 
pipe  sizes  and  velocities  of  steam  has  been  much  dis- 
cussed recentl)',  opinions  still  differ  considerably  as  to 
what  constitutes  best  practice. 

Steam  piping  both  for  high-pressure  and  auxiliary 
lines,  is  generally  unnecessarily  large.  Formerly  it  was 
thought  that  piping  could  not  be  too  large,  and  as  engi- 
neers were  averse  to  taking  the  responsibility  for  small 
piping  they  specified  liberal  sizes. 

If  a  pipe  is  too  large  the  radiation  loss  will  be  ex- 
cessive; on  the  other  hand,  because  of  friction,  a  pipe 
may  be  so  small  as  to  cause  a  too  great  drop  in  pressure. 
Pipe  diameters  should,  therefore,  be  a  compromise  be- 
tween the  radiation  and  friction  losses.  Ir.  steam-turbine 
practice,  a  drop  in  pressure  of  5  to  10  lb.  between  boiler 
and  turbine  is  permissible.  Increasing  the  pipe  size  re- 
duces friction  so  little  and  adds  to  radiation  loss  so  much, 
that  the  tendency  lately  to  adopt  smaller  pipe  and  greater 
steam  velocity  is  justified,  both  from  the  operating  side 
and  that  of  first  cost.  The  gain  from  the  operator's 
standpoint  is  chiefly  in  flexibility.  This  means  less  strain 
on  the  fittings  because  of  easier  expansion  and  contrac- 
tion, with  smaller  cost  for  repairs.  Vibration,  sometimes 
resulting  from  small  diameters  and  high  velocities,  can 
be  overcome  by  avoiding  too  many  sharp  turns.  The  ten- 
dency toward  larger  units  in  power  stations  and  high 
pressures  and  superheat  requires  that  the  piping  be  large 
and  of  high-grade  material,  and  the  cost  increases  rapidly 
with  the  size.  For  example,  a  9-in.  high-pressure  fitting 
costs  about  25  per  cent,  more  than  an  8-in.  fitting.  Size 
is,  therefore,  of  considerable  importance  in  the  cost  of 
an  installation. 

The  advent  of  the  steam  turbine,  with  high  pressure 
and  superheat,  revealed  the  fact  that  different  standards 
are  demanded  in  pipe  diameters.  In  a  steam-engine  plant, 
shocks  due  to  the  intermittent  demand  for  steam  must 
be  allowed  for  and  the  piping  has  usually  been  made 
large  enough  to  act  as  a  reservoir  for  handling  large 
amounts  for  short  periods.  Making  the  pipes  smaller 
and  having  a  receiver  near  the  engine  would  be  better 
and  is  sometimes  done.  Conditions  are  different  with 
turbines,  because  steam  is  delivered  to  them  steadily.  An 
atithority  has  declared  that  if,  instead  of  turbines,  re- 
ciprocating engines  were  operated,  using  superheated 
steam,  the  pipe  line  would  have  to  be  of  apjiroximately 
25  per  cent,  greater  area,  and,  if  the  reciprocating  en- 
gines used  nonsuperheated  steam,  it  would  have  to  be  40 
per   cent,   larger. 


The  mo.-^t  marked  revolution  in  the  design  of  steam 
piping  has  been  in  the  design  of  the  header.  Formerly  it 
was  customary,  in  using  the  header  as  a  reservoir,  to 
make  it  equivalent  in  sectional  area  to  the  sum  of  the 
areas  of  the  boiler  outlets.  This  often  led  to  absurdly 
large  sizes  and  low  velocities,  not  only  because  all  the 
.^teani  from  the  boilers  does  not  necessarily  pass  through 
any  one  section  of  the  header,  but  also  because  the  stand- 
ard boiler  outlets  have  been  unnecessarily  large,  their 
sizes  being  governed  by  shoo  standards  rather  than  by 
any  fixed  velocity.  For  example,  there  are  300-  and  600- 
hp.  boilers  having  the  same  size  nozzles.  As  it  has  been 
the  custom  never  to  reduce  the  steam  pipe  below  that 
called  for  by  tlic  nozzle  on  the  boiler,  it  can  be  under- 
stood that  headers  proportioned  on  that  basis  frequently 
led  to  abs>.rd  results.  Karely  is  it  possible  to  place  the 
header  near  the  prime  movers.  If  this  is  practicable,  the 
larger  header  is  justified  and  becomes  of  value  as  a  re- 
ceiver. In  latest  practice,  however,  the  header  is  made 
little  if  any  larger  than  the  branch  pipes  leading  from 
it ;  the  size  being  governed  by  the  maximum  amount  of 
steam  passing  any  one  section,  just  as  with  other  piping. 

Important  in  the  design  of  piping,  and  the  chief  fac- 
tor in  fixing  the  proper  size,  is  the 

Vklocity  of  Flow 

Until  quite  recently  a  steam  velocity  of  5000  ft.  per 
min.  was  considered  high,  and  most  piping  was  based 
upon  even  lower  velocities.  The  maximum  permissible 
velocities  are  now  quoted  by  most  authorities  at  from 
6000  to  9000  ft.  per  min.,  and  during  heavy  overloads  for 
short  periods,  10,000  to  12,000  ft.  per  min.  It  has  been 
demonstrated  that  the  higher  velocities  are  satisfactory, 
and  tliat  the  radiation  losses  are  thereby  greatly  reduced, 
especially  with  highly  superheated  steam. 

In  some  of  the  large  latest  turbine  stations  the  piping 
size  is  based  on  a  velocity  of  approximately  8000  ft.  ])er 
min.,  with  a  pressure  drop  of  3  to  10  lb.  from  the  boiler 
to  the  turbine.  This  seems  to  be  the  velocity  sanctioned 
in  the  most  uptodate  work  where  high  pressure  and 
superheat  are  common.  The  velocity  of  exhaust  steam 
ordinarily  varies  from  20.000  to  30,000  ft.  per  min.,  de- 
pending on  the  vacuum  carried.  On  account  of  the  very 
rapid  increase  in  the  volume  of  steam  for  slight  increases 
of  high  vacuum,  exhaust  steam  may,  in  extreme  cases, 
reach  much  higher  velocities.  As  the  time  the  peak  load 
is  carried  is  usually  short,  to  keep  the  pipe  sizes  down, 
efficiency  might  well  be  sacrified  during  those  jieriods 
and  extreme  velocities  employed. 

In  sijite  of  these  higher  velocities  being  advocated  by 
good  authorities,  many  modern  power  stations  do  not  use 
the  higher  velocities.  This  is  parth'  because  builders  of 
boilers  and  prime  movers  have  made  their  steam  con- 
nections ample,  generally  giving  the  purchaser  the  size 
called  for.  Many  engineers  and  operators  being  still 
prejudiced  against  small  piping,  large  sizes  are  specified. 
The  piping  is  connected  up  without  any  reduction,  hence 
the  low  velocities.  For  a  number  of  years  a  certain  boiler 
was  operated  with  an  8-in.  pipe  leading  from  it,  which 
was  replaced  by  a  5-in.  pipe,  giving  entirely  satisfactory 
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results.  Lately  builer  maniifaeturers  have  realized  that 
their  standard  nozzles  are  too  large  and  are  having  them 
reduced.  Even  then  they  are  governed  more  by  a  ques- 
tion of  standard  than  velocity,  so  the  matter  of  pipe 
sizes  should  be  considered  independently  from  the  sizes 
of  nozzles  proposed  by  boiler  manufacturers. 

The  sizes  of  standard  steam  openings  in  power-plant 
units  are  based  upon  some  assumed  condition  of  the  steam 
at  a  moderate  steam  velocity.  Then  for  the  sake  of  stand- 
ardization, a  definite  size  of  opening  is  assigned  to  cover 
a  certain  range  in  size  of  units.  Openings  are  thus  the 
result  of  a  practical  compromise  to  suit  numerous  condi- 
tions, consequently  it  is  not  reasonable  to  assume  that, 
in  specific  cases,  the  piping  should  be  made  to  conform 
to  the  standard  openings. 

CoMMEXTS  ox  Table 

In  the  accompanying  table  are  given  the  size  of  main 
steam  piping,  velocities  of  steam,  and  drop  in  pressure 
in  a  number  of  modern  steam-turbine  stations  selected 
at  random.  The  velocity  quoted  is  based  on  the  maximum 
rontinnous  output  capacity  of  the  plant;  that  is,  the 
M'locities  that  exist  in  the  piping  system  when  the  units 


system  is  based  upon  high  velocities,  the  designer  has 
specified  small  steam  openings  for  the  units,  which  can 
nearly  always  be  done,  instead  of  using  a  reduction  fit- 
ting. 

In  Station  Xo.  1,  instead  of  working  up  the  piping 
plans,  as  usual  from  the  boiler  nozzles  toward  the  gen- 
erating apparatus,  the  designer  started  at  the  turbine 
where  the  steam  is  to  be  used  and  worked  toward  the 
boiler,  having  the  boiler  manufacturer  put  on  nozzles  to 
suit  the  piping  arrangement.  No  particular  attention 
was  paid  to  velocity  in  any  particular  part  of  the  line. 
The  turbine  opening  was  of  such  size  as  to  give  a  high 
velocity  in  the  turbine  pipe.  The  velocity  in  the  rest  of 
the  system  is  somewhat  lower,  but,  on  the  whole,  high 
as  compared  with  many  other  stations.  This  is  a  typically 
modern  station,  and  the  piping  is  noteworthy  in  that  it 
was  one  of  the  first  installations  recognizing  the  fact  that 
turbines  demand  smaller  pipe  diameters. 

In  Xo.  4  the  designer  allowed  for  superheated  steam 
permitting  higher  velocities  than  with  saturated  steam, 
there  being  considerably  less  friction,  and  the  volume  of 
steam  at  175  lb.  pressure  and  150  deg.  superheat  being 
about  30  per  cent,  greater  than  saturated  steam  at  the 


TABLE  SHOWING  SIZE  OF  PIPING.  VELOCITIES  OF  STEAM,  AND  DROP  IN  PRE.SSURE  IN  12  STEAM-TURBINE  POWER  PLANTS  UNDER 

NORMAL  WORKING  CONDITIONS 


Steam 

Boiler 

Ti 

rbine 

Station 

Rating 

of  Units 

Consump- 

Steam    Pipe 

Header 

.Ste 

am  Pipe 

Feed 

tion    of 

Drop  in 

Normal 

Steam 

Super- 

Water, 

Vacuum, 

Turbine, 

Dia. 

Vel., 

Vel., 

Vcl., 

Pressure, 

Capacity 

Boiler 

Turbine 

Pressure 

heat, 

Temp. 
Deg.  *F. 

Inches 

Lb.    per 

Boiler 

Dia 

Ft.  per 

Dia. 

Ft.  per 

Dia 

,     Ft.  per 

Lb.  per 

in  Kw. 

Hp. 

Kw. 

Lb.  per  Sq.in 

.     Deg.  F. 

Mercury 

Kw.-hr. 

Nozzle 

In 

Min. 

In. 

Min. 

In. 

Min. 

Sq.in. 

15,000 

625 

5000 

200 

0 

210 

28.0 

17.0 

6 

6 

560Q 

8 

8,300 

9 

7000 

10 

6.000 

600 

3000 

200 

100 

200 

28  0 

14  7 

8 

10 

3750 

12 

6,750 

10 

3.500 

10 

11,000 

600 

1500 

175 

100 

210 

29  0 

20  0 

8 

8 

4200 

12 

11,400 

S 

4300 

10 

20,000 

600 

5000 

175 

150 

205 

29  25 

17  0 

7 

7 

6000 

16 

7.. 500 

12 

,5900 

10 

2,000 

.500 

1000 

175 

0 

265 

28  0 

21  0 

8 

8 

3300 

15 

4.800 

7 

3400 

.5 

30,000 

300 

3500 

175 

125 

200 

27  0 

16.0 

4 

4 

S700 

20 

7.700 

12 

3700 

5,000 

600 

2.500 

175 

125 

210 

27.0 

15.8 

6 

6 

7650 

10 

5.400 

10 

3700 

10 

1,000 

400 

800 

160 

100 

205 

28  0 

18.0 

7 

7 

4200 

12 

4.200 

3250 

5 

3,000 

585 

1.500 

160 

175 

212 

28,5 

22  9 

6 

6 

9000 

S 

5.000 

8 

1)200 

7  5 

8,000 

500 

2000 

200 

200 

210 

29  0 

IS  5 

8 

8 

4000 

12 

6.300 

9 

42.50 

5 

1,500 

150 

.500 

145 

0 

196 

28  0 

21    B 

6 

6 

1900 

12 

4.000 

=, 

4100 

8.000 

190 

750 

160 

125 

200 

28.0 

.      16.7 

4 

4 

7900 

10 

7.900 

4  5 

7900 

10 

are  operating  at  the  load  that  can  be  maintained  con- 
tinuously. This  average  condition  would  ordinarily  mean 
about  50  per  cent,  overload  on  the  boiler  and  full  load 
on  the  turbine.  What  are  usually  called  extreme  veloc- 
ities may  be  estimated  on  the  basis  of  100  per  cent,  over- 
load on  the  boiler  and  50  per  cent,  overload  on  the  tur- 
l)ine.  It  would  be  unfair  to  base  them  on  the  very  large 
momentary  overloads  which  are  not  maintained  for  any 
considerable  time. 

In  no  case  does  the  drop  in  pressure  exceed  10  lb.  Any 
greater  drop  during  temporary  overloads  could  be  over- 
loine  if  necessary,  as  with  modern  boilers  it  does  not 
' 'tA  must  to  increase  the  steam  pressure  sufficiently  to 
'  ompensate  for  the  drop  due  to  high  velocities. 

Examination  of  the  table  will  show  that,  although 
high  pressures  and  superheat  are  employed,  most  of  the 
piping  .systems  have  been  laid  out  along  much  the  same 
'iiics  as  in  previous  practice.     The  velocities  are  low  and 

ly  widely,  and  there  is  no  uniformity,  even  in  the  same 

-tem.  For  example,  in  Station  Xo,  3,  the  velocities  in 
till!  boiler  and  turliine  pipes  are  low,  while  that  in  the 
liiader  is  extremtdy  high.  Plainly,  velocities  were  not 
I  niisidcred  in  the  design;  the  piping  having  been  simply 
made  the  same  size  as  the  nozzles  on  the  machines.  How- 
ever, the  tendency  toward  the  smaller  header  is  strikingly 
brought  out.  In  no  case  has  a  reduction  been  made  at 
the  nozzle. 

In  Station  Xo.  2  the  boiler  pipe  has  been  actually  in- 
creased.    In   the  (•xaiii))lc.s  given   here  where  the  I)ipiug 


same  pressure.  The  table  shows  the  velocities  to  be 
fairly  uniform,  in  the  system,  and  considerably  above  the 
average.  Station  Xo.  6  is  tyjiical  of  the  use  of  high 
velocities  and  the  piping  in  this  plant  is  giving  entire 
satisfaction. 

The  striking  feature  of  Station  Xo.  Yl  is  that  it  is  the 
only  6ne  of  the  group  in  which  velocity  was  made  the 
basis  for  the  design  of  the  entire  piping  sy.stem.  Here 
the  velocity  is  high,  7900  ft.  per  min.,  and  uniform 
throughout.  This  plant  is  of  very  recent  construction,  is 
operating  satisfactorily,  and  the  design  of  the  piping  sys- 
tem may  be  taken  as  typical  of  the  very  latest  and  best 
practice. 


There  is  a  stronK  tendency  now  to  dispense  with  a  lot  of 
countershaftlng:  formerly  used  in  driving?  woodworking  ma- 
chines, and  it  Is  the  electric  motor  and  the  high-speed  line- 
shaft  that  are  doing  It.  It  is  easy  to  understand  the  high 
speed  and  light  sizes  in  connection  with  elctrlc  moors,  but 
even  among  those  not  using  motors  there  is  the  same  tendency 
to  use  lighter  llneshafting  and  run  it  at  higher  speed.  It 
helps  reduce  the  friction  lo.id  by  making  the  shafting  and  pul- 
leys lighter,  the  belts  smaller  and  the  strain  or  pull  less. — 
"Woodworker." 


There  are  between  9.000  and  10.000  passenger  elevators 
and  12.000  freight  lifts  in  Manhattan  alone  which  carry 
about  S, 500. 000  persons  each  day.  In  the  six  years  from 
1903  to  1908  more  than  4.000  elevators  of  all  makes  were 
Installed  and  In  the  period  190.1  to  1907  there  was  an  In- 
crease of  rentable  area  of  23.R70.00f?  sq.ft.,  or  about  550  acres, 
of  which  6.772. 006  sq.ft.  were  business  buildings.  10.965.835  sq. 
ft.  were  lofts  and   stores  and   3.178.243  sq  ft     were   In   factories. 
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Peculiar  Explosion  of  Locomotive  Boiler 


SyyOFSLS — A  locomotive  holier  explodes  while  stand- 
ing on  a  siding,  killing  the  engineer  and  wounding  the 
fireman.  The  boiler,  intact,  is  blown  100  ft.  away.  The 
curvature  of  the  crown-sheet  is  reversed  and  the  .stay- 
bolts  are  not  even  bent.  Low  water  undoubtedly  the  cause 
of  the  e.r plosion. 

While  standing  on  a  siding  at  Handley,  Tex.,  Mar.  30, 
the  boiler  of  engine  Xo.  325  of  the  Texas  &  Pacific  R.R. 
exploded,  instantly  killing  the  engineer  and  wounding 
the  fireman  and  another  workman. 


the  recoil  action  as  the  boiler  leaped  forward.  The  tender 
and  front  end  of  the  locomotive  were  but  slightly  dam- 
aged (Fig.  3),  which  shows  that  the  force  was  greatest 
at  the  rear  and  acted  downward  almost  entirely.  The 
track  under  the  truck  was  also  torn  from  the  ties  and 
bent  badly,  as  shown  in  Fig.  2.  This  was  evidently 
caused  by  the  movement  of  the  disconnected  driver  as  if, 
was  thrown  outward. 

The  crown-sheet  was  ripped  almo.'^t  entirely  from  the 
lioiler,  as  shown  in  Figs.  4  and  5.  The  curvature  of  the 
crow'u-sheet  was  reversed  as  it  was  blown  down  through 


Fig.  1 
Fig.  3 


Damaged  Teuck  and  Boiler 


Fig. 
Fig. 


As  shown  in  Fig.  1,  the  boiler  was  blown  completely 
off  the  trucks,  landing  on  the  track  about  100  ft.  ahead 
and  finally  coming  to  rest  in  the  position  shown.  How 
severely  the  trucks  and  mechanism  carried  thereon  were 
damaged  may  be  seen  in  Fig.  2.  Some  idea  of  the  force 
of  the  explosion  may  be  gained  by  a  glance  at  the  severed 
driver  in  this  illustration.  The  rod  connecting  this  driver 
remained  intact  at  the  head  end,  and  acted  as  a  pivot 
around  which  the  driver  was  caused  to  rotate  through 
an  angle  of  a  little  over  90  deg. 

The  damage  to  the  trucks  was  undonbtedlv  d(jne  liv 


the  firebox.  From  the  smoothness  of  the  curvature  it 
would  seem  that  the  sheet  was  very  hot  when  the  explo- 
sion occurred ;  otherwise  the  bottom  of  the  sheet  would 
lutve  bent  more  irregularly.  That  part  of  the  sheet  im- 
mediately over  the  grates  was  discolored,  showing  that  it 
did  heat  considerably.  Another  thing  that  indicates  that 
the  sheet  was  quite  hot  is  the  manner  in  which  it  parted 
from  the  stay-bolts,  none  of  which  were  torn  from  the 
sides  or  top  of  the  firebox. 

It  looks  as  though  the  heads  of  these  bolts  became  red 
hot,  thus  allowing  the  crown-sheet  to  slip  over  the  soft- 
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Fig.  5.  Crown-Sheet:  C^ukvature  Reversed 


C'lied  bolt  heads  without  erackiiig  the  sheet  or  disturbing 
the  other  ends  of  the  bolts.  Another  interesting  peculiar- 
ity is  that  hardly  any,  if  any  at  all,  of  the  bolts  were 
even  bent.  The  tubes  were  damaged  but  little.  The  bent 
.sheets  at  the  front  end,  as  shown  in  Fig.  6,  were  dam- 
aged chiefly  by  the  boiler  falling  on  that  end  as  it  landed 
oil)  the  tracks  after  having  turned  over  a  couple  of  times 
in  .the.  air. 


Fig.  6.    Front  Knd  of  Boilek 


Examination  of  the  firebox  showed  that  the  boiler  was 
coated  with  scale,  but  not  unusually  so.  Only  one  gage- 
cock  could  be  found  and  that  was  clear  and  in  working 
condition. 

There  was  nvo  indication  of  heating  at  the  place  where 
the  crown-sheet  ripped,  but  its  discoloration  in  the  center 
indicates  low  water.  As  far  as  is  known  the  safety  valve 
was  in  \\'orking  order. 


Slinging  and  Making  Hitches 


11 Y  .John  RiDHELLf 


,'^yXOPSIS — Suggexiions  for  flic  avoidance  of  arci(lenl.< 
■irlien  handling  heavy  machinery  wUh  a  crane.  A  number 
of  hitches  are  also  illustrated. 

There  is  a  great  difference  in  ropes  and  slings  used  for 
hr)isting.  The  wear  iu  ropes  can  always  be  seen  liy  the 
strands  becoming  frayed,  loose  or  cut;  whereas  a  chain, 
<nitside  of  a  few  bruises,  will  not  show  any  signs  of  weak- 
ness, although  actually  it  may  be  full  of  small  cracks 
which  cannot  be  seen  by  the  naked  eye,  or  it  may  be 
crystallized  by  long  use.  A  chain  under  these  conditions 
rapidly  becomes  weaker  with  each  lift,  until  it  finally 
givc.'j  way. 

Suitable  racks  should  Ijc  provided  for  hanging  chains 
and  slings  when  not  in  actual  use.  Those  slings  should 
lie  inspected  frequently  to  detect  weakness,  sorting  out 
the  bad  ones  and  having  them  repaired. 

There  arc  many  varieties  of  liitchcs  and  many  kinds 
of  knots.  Some  are  useful,  others  are  ornamental ;  only 
the  useful  kind  will  be  considered.  A  general  description 
is  given  of  the  standard  hooks,  eyes,  devices,  etc.,  used 
in  general  practice.  Some  knots  and  hitches  are  shown 
which  arc  tised  in  special  cases,  but  which  are  not  in- 
1  ended  for  everyday  use.  They  are  useful,  however,  for 
riggers,  millwrights  and  others  handling  special  machin- 
ery and  materials,  and  should  lie  used  only  by  inni  cdni- 
pelciit  in  such  work. 

.\  wire  cable  sling  should  never  be  used  singly  when 
hooked  by  a  spliced  eye.     When  the  weight  is  sufficient 

•From  an  article  In  the  "General  Electric  Review." 
tMechanlcal    superintendent.    Schenectady    Works.    Gcncrnl 
Klectrlc  Co. 


the  cable  is  likely  to  untwist,  thus  allowing  the  splices 
to  open  and  slip.  Such  slings  should  always  be  used 
double,  and  where  sharp  corners  or  rough  castings  exist 
the  cable  should  be  protected  by  pads. 

In  using  slings  of  any  kind,  especially  rope,  care  should 
be  taken  to  see  that  one  rope  does  not  lie  on  top  of  the 
other,  as  this  will  prevent  proper  equalization,  putting 
undue  strain  on  the  outer  n>])('.  Often  when  a  rope  sling 
is  used  double,  the  ends  ai'c  passed  through  the  doubled 
part,  as  when  placed  around  a  casting;  and,  unless  this 
is  done  carefully,  instead  of  having  the  strength  of  two 
parts  of  a  rope,  as  sujiposed,  it  can  be  so  sli|iped  around 
the  ])iece  being  lifted,  as  to  actually  have  the  strength  of 
only  one  part. 

Sudden  Stotpagk  of  Loah 

Before  lifting  heavy  loads  by  means  of  a  crane  the 
crane  brakes  should  always  be  tested  to  see  that  they 
arc  in  good  condition  and  will  hold.  Care  must  be  u.sed 
when  lowering  loads,  to  limit  the  speed,  which  should  not 
exceed  the  hoisting  speed  of  the  crane  for  Ihe  same  load. 
Particular  care  must  be  taken  to  apjily  the' brakes  gradu- 
ally when  bringing  the  load  to  rest.  The  ordinary  hoist- 
ing speed  for  a  .30-ton  motor-operated  crane  is  about  IS 
ft.  per  min.,  and  for  a  .TO-ton  crane  about  12  ft.  per  min. 
with  the  rated  load.  Suddcm  sto])ping  at  such  speeds 
may  double  the  stress  on  the  slings  and  crane.  This  point 
cannot  he  emphasized  too  strongly,  as  serious  accidents 
have  resulted  from  the  sudden  stopping  of  cranes  while 
the  load  was  being  lowered. 

When  a  weight  is  lifted  by  two  or  more  slings  connected 
to  the  crane  hook  and  making  an  angle  with  each  other, 
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Fig.  1.  Clove  or  double  half  hitch.  Fig.  2.  Timber  hitch. 
4.  Studding  sail  hitch,  useful  in  hoisting  timber.  Pig.  5. 
in  vertical  position. 

the  increase  iii  the  stress  of  the  iiidividual  sliugs  must 
be  considered.  On  account  of  this  angle  between  the  two 
sets  of  slings  the  stress  on  each  set  is  greater  than  half 
the  total  loadj  and  increases  very  rapidly  as  the  angle 
between  the  sling  and  the  work  is  decreased.  An  angle 
of  45  dog.  between  the  sling  and  the  work  makes  the 

TABLE  I.  SAF^  LOADS  FOR  EYE-BOLTS 


Safe 

A 

B 

c 

Load,  Lb 

i 

U 

^ 

1,100 

A 

lA 

J^ 

1,500 

1 

If 

1 

1,800 

U 

2,800 

Drop-forged  steel 

i 

U 

H 

3,900 

1 

2A 

n 

.5,100 

u 

2A 

i-\ 

S,400 

1} 

2A 

12,200 

If 

3A 

16,500 

2 

u 

3A 
3 

21,800 
10,000 

DBG.    Iron   EL,   28,000  lb. 

If 

4 

11.000 

per  sq.in.,  welded 

2 

.5 

14.000 

2! 

6 

2 

16,000 

Stress  in  eacli  sling  three-fourths  of  the  total  weight,  and 
the  collapsing  force  between  the  two  points  of  attachment 
to  the  work  is  equal  to  half  the  weight.     This  collapsing 


TABLE  2.     WEIGHT.S  OF  \".\RfOUS  M.-VTERIALS 


Cast  iroi 

Steel.... 


Pine.. 
Concrete . 
Stone . . . 
Earth. 
Brick. . 
Mortar. . . 
Marble... 


Weight  per 
Cu.Ft..    Lb. 

4.50 

4.89 

709 


Weiglit  per 
Cu.In..  Lb. 

0.20 

0.28 

0.32 

0.41 


Diameter,  In. 


Weight  of  Shafting  i 
per  Lineal  Ft. 


264 
368 
517 

676 


force  acts  in  a  direct  line  between  the  two  poiiit.^  of  at- 
tachment. If  the  work  is  ring-shaped,  it  would  tend  to 
deform  the  ring. 

A  .-spreader  of  sufficient  stiffness  should  be  used  Ijetweeu 


Clove  or  double   half   hitch  adapted   for   hauling.      Fig. 
and   half   hitch,   useful   in   hoisting   shafts   or   timbers 


these  two  points  to  resist  this  collapsing  force.  It  will 
be  seen  that  eye-bolts  are  not  suitable  for  attaching  the 
siiugs  to  the  work  unless  a  spreader  is  used  to  relieve  them 
of  this  side  pull,  which  would  put  a  heavy  bending  mo- 


Fig.  6.  Blackwall  hitch,  especially  useful  for  hauling  ma- 
terial on  the  level.  Fig.  7.  Square  or  reef  knot  used  onlv  for 
joining  two  ropes  together.  Figs.  S,  9  and  10.  Steps  in  mak- 
ing a  bowline  knot.  Fig.  11.  Sheet  bend  in  eye,  generally 
u.sed  for  an  adjustable  sling. 
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nient  on  the  shauk  of  the  bolt.  Reducing  the  angle  be- 
tween the  feling  and  the  work  to  30  deg.  makes  the  .stress 
in  each  .sling  equal  to  the  weight,  and  the  collapsing 
force  is  also  equal  to  the  total  weight.  Such  a  small 
angle  .should  never  be  used  if  avoidable. 

Safe  Loads  on  Ropes  and  Chains 

When  it  is  necessary  to  irse  eve-bolts  for  lifting  loads, 
no  greater  stress  should  be  allowed  than  given  in  Table 


inanila  rope,  wire  cables,  and  chains.  The  figures  are  in 
tons  of  20()0  lb.  each.  The  loads  for  manila  rope  should 
be  used  only  when  the  rope  is  in  fairly  good  condition; 
when  badly  chafed  or  worn  the  load  should  be  reduced. 

As  there  are  many  kinds  of  material  to  handle,  a  short 
list  of  the  weights  of  the  various  materials  is  given  in 
Table  2.     The  weight  of  shafts  are  gi\cn  ]h'V  lineal  foot. 

A  wood  or  lag  screw,  when  made  in  the  form  of  an 
eye-bolt,  should  never  be  used  for  hanging  any  hoisting 


US-Sfandard  Threaa 

Fig.  14.    I'koportions  of  Eye-Bolts  (See  Table  1) 


VZ^^ 


FiK.    12.     Improper  method   of    making   a   hitch    for    turning:  revolving  fields  with  two  slings.      Fig-   13-    Piopei    method  of 
malting  hitch    tor   turning   revolving  fields.      Figs.    15   and   16.     Wrong   and   right    ways  of    making  a    hitch.      Figs.    1.    and    lb. 

Wrong  and  right  use  of  doubl.-   hooks.      Fig.   \'.\.    Three  double  hooks — preferable   where   possible. 

1,  which   .^hows  the  safe   load    in   pounds   For  h,.lts   uji   to  lacklc.      \Vhcrc\cr   |i...--sil.lr   Hie   safest    way   1..   Ii.uig  such 

and  including  2i/4   in.   in   diameter.      It   .-ImuiI.I    I.c  imtcl  inckle  is  hv  |ia>sing  the  .-hank  k^  an  cyc-hch   ihrougb  the 

that  the  values  given  are  ccirrcd  diily  when  the  |iiill  is  m  Hdor  or  Immiii.   properly   ]>rotcetiiig  the  wood   liy   a  large 

the  direction   of   the  arrow   shown    in    Kig.    II,   and   when  plate    wasliei-    and    nut.       It     fivipieiilly    ]i;ippens    ihat    a 

the  holt    is   ill   good   eoiidilion.  ''hain    or    rope    sling    (an    lie    used    by    ]iassing    it    over   a 

Eve-holts  should   never  he   painted   when    iimmI    for  mi--  [.roperly   siMiiicd    timher. 


Manila   Ito|)e.  Safe  l.<«d  in  Tons 
Dia.  of  SinKie 

Hope.   In.  Kope  Two  I'nrl         Four  1' 

i  i  8  i 

!  !  . 


TAIil.I';   :!       SAFi;    LOADS   ll\    linPFS    AM)   CHAI.VS 
Wiri'   Cabin.   Saf.'    Load   in   Ton.- 


11 

1 
l' 

, ' 

2 

■.; 

2i 

21 

3) 

2) 

■«! 

Diani.  ..f 

Diarn,   , 

fal)l.-,  In. 

1 
li 

Two  P 
2 

irt 

Fimr  Pari 

3! 

Chain.  I 

J 

2i 

4! 

<l 

! 

J 

•ij 

(i 

12 

I 

1 

4 

a 

III 

\ 

li 

n 

12 

21 

\ 

li 

10 

1!) 

.'ill 

afi-  I.oail   in   Ton? 

2lr- 

,in  Twr)   i'ail 

;  i 

I  i; 

;  .'ii 


I'onr  Part 
I! 


cellaneous  lil'ling.  a-  paiiil   i-  apt  to  io\er  up  lbo\>. 


'i'hev 


should    he    lestcd    oeeaMonally    hy    tapping   geiilly    with    a 


Other    deleets    hcsiilo    those    ill    lifting   apparatii-    will 
-ci-n.-ioiiallv    he   discovered,    such    as   a    cracked    arm    of   a 


Hammer,  hut  not  siilllei,.|il  lo  hend  or  to  otherwise  injur-  llywheel.  or  oth.^r  similar  piee,..  If  this  delVel  is  dis- 
11,,. I, I.  If  ihev  do  nol  impart  a  goo,l  ring  they  may  lit  covered  hv  lii.'  person  originally  handling  I  he  piece,  he 
loo  loosely   in  'the  hole,  or  Ihere  iiiav   he  a   flaw'  >lioiild  call  In-  superior's  altciitioli  lo  it  imiiiediali'ly  upr.n 

making  siph  diseoxcrv.     'I'ho.se  engaged  in  this  imporlaiil 
Safk  liOAi)  on   KoI'Es  and  Ciimns  ^^,^^i.,.  .,||,,|,|,|  ,,|^,,  ||,,v,.  some  idea  of  (he  strength  of  ma- 

Table   3   gives   the   safe    loads    whi.-h    may    he    put    on       Icrials.     They   should    know   how   the  slrains   will    he  set 
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Fil;.    2U.     30-Jt_-g.    angle    sling    (wrong    way).      Fi^;.    ^1.     43-ai.g.   angle    sling    (right    way). 
standards  with  provision  for  lateral  strains.     Fig.   23.    Lifting   revolving    field     (wrong    way), 
field   (right  way).     Figs.  25  and  26.    Wrong  and  right  ways  of  lifting  motor-generator  sets. 


Lifting    a   base    with 
4.     Littlps    revolving 


up  ill  sucK  materials,  au(J  also  how  to  apply  slings  for 
lifting,  as  here  illustrated.  They  should  know  that  using 
too  small  an  angle  on  the  slings,  as  in  the  case  of  a  field 
ring,  would  tend  to  pull  the  sides  together;  and  that,  in 
the  case  of  a  revolving  field  where  the  sling  is  applied 
between  a  pair  of  arms  instead  of  around  adjacent  arms, 
the  tendency  would  be  to  break  out  a  portion  of  the  ring. 
This  is  sho^vn  in  Figs.  23  and  24. 


A  Word  for  the  Reciprocating  Engine 

In  discussing  a  paper  read  before  the  Hannover  section 
of  the  Yerein  deutscher  Ingenieure,  by  H.  'Klipjie,  upon 
the  st«am  turbine,  one  of  the  participants  took  up 
the  cudgel  for  the  reciprocating  engine. 

The  turbine  works  with  a  90  per  cent,  vacuum ;  the 
engine  with  from  85  to  90.  A  400-hp.  reciprocating  en- 
gine calls  for  60  cu.m.  of  cooling  water  per  hour  for  the 
condenser;  the  turbine  needs  200  to  get  the  extra  5  per 
cent,  of  vacuum.  Hence,  the  turbine  needs  more  space 
for  the  condensers,  and  it  is  not  a  fact  that  the  turbine 
with  its  auxiliaries  requires  less  space  than  a  reciprocat- 
ing engine  of  equal  capacity. 

The  steam  consumption  of  the  reciprocating  engine  he 
maintained  to  be  lower.  In  England  a  1000-hp.  Parsons 
turbine  calls  for  8.1  to  9.14  kg.  (17.8  to  20.1  lb.)  of 
steam  per  kilowatt-hour,  and  in  Elberfeld    Schroter  re- 


ports for  one  of  the»same  power  8.96  to  9.7  kg.  {19.7  to 
21.34  lb.).  The  same  engines  of  the  Hannover  Electric 
Station  at  Herrenhauseu  are  of  about  the  same  power  but 
require  only  7.5  to  8.2  kg.  (16.5  to  18  lb.).  Stodola 
rates  the  consumption  of  a  steam  turbine  of  125  kw.  at 
11.57  kg.  (25.45  lb.)  ;  one  of  232  kw.  at  9.93  kg.  (21.84 
lb.)  ;  of  497  kw.  at  10.89  kg.  (23.95  lb.),  while  the  Han- 
uoversche  Maschinenbau  A-G  guarantees  for  engines  of 
these  capacities  under  the  same  conditions,  9.5,  9.2  and 
9.1  kg.  (20.9,  20.24  and  20.02  lb.).  With  the  recipro- 
cating steam  engine,  the  work  expended  on  the  condenser 
is  only  3  per  cent. ;  with  tbe  turliine,  o  per  cent. 

Coal  in  South  Africa 

An  estimate  of  the  coal  resources  of  the  Union  of 
South  Africa,  based  upon  geological  surveys,  yet  only 
approximate,  places  the  aggregate  quantity  at  55  billion 
tons.  Most  of  the  coal,  about  36  billion  tons,  it  would 
appear,  is  in  the  Transvaal,  while  in  Xatal  the  given 
quantity  is  9400  million  tons.  The  remainder,  equal  to 
say  9600  million  tons,  is  distributed  among  the  other 
provinces.  The  Union  produced  over  71/2  million  tons 
in  1911. — Coal  Age. 

Cases  of  pitting  tubes  in  boilers  are  said  to  have  been 
cured  by  connecting  the  inlet  of  the  feed  pipe  to  the  blowofE 
pipe  with  a   %-in.   copper  bond. 
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Alternator  Testing 

By  ¥.  S.  Barton 

All  the  losses  in  electrical  machinery  appear  as  heat 
and  due  to  imperfect  radiating  properties,  some  of  the 
heat  is  retained  in  the  machine,  which  raises  its  tem- 
perature. The  smaller  a  machine  for  the  same  amount 
of  work  the  greater  will  be  the  proportionate  losses  and 
consequently  the  greater  the  heating.  Competition  forces 
manufacturers  to  build  machines  as  close  to  the  specified 
temperature  rise  as  they  can.  The  machine  must  do  the 
work,  yet  be  produced  as  reasonably  as  possible,  which 
means  that  the  amount  of  stock  must  be  reduced  till 
the  temperature  rise  is  a  few  degrees  below  that  specified. 

Temiserature  rise  will  be  found  to  lie  mainly  between 
35  and  45  deg.  C.  above  the  existing  room  temperature 
for  runs  at  normal  or  rated  full  load.  It  is  customary 
to  specify  a  higher  temperature  for  a  run  of  two  hours 
at  125  per  cent.  load.  When  specifying  the  allowable 
rise,  one  must  not  forget  this  is  above  room  temperature, 
which  in  a  generating  room  is  variable.  It  is  best  to  call 
for  a  comparatively  small  temperature  rise,  although  it 
usually  necessitates  a  somewhat  more  expensive  machine. 

It  is  now  customary  to  measure  temperatures  of  all 
parts  of  electrical  machinery  both  by  thermometers  and 
by  the  rise-of-resistance  method.  The  former  method  is 
inferior  to  the  latter  because  the  outer  coils  in  contact 
with  cooling  mediums  show  a  lower  temperature  than  the 
interior  windings.  One  should  always  specify  that  the 
temperature  rise  be  determined  by  the  rise-of-resistance 
method  and  checked  by  the  thermometric  method. 

When  laying  out  an  alternating-current  station  it  is 
necessary  to  know  the  amount  of  field  current  required  to 
produce  normal  voltage  at  no  load,  full  load  and  over- 
loads for  unity  power  factor  and  often  for  lower  power 
factors.  This  will  determine  the  size  of  field  cables  nec- 
essary, also  the  size  of  the  exciters.  A  very  useful  curve 
to  make  for  obtaining  this  information  is  known  as  a 
"saturation  curve" ;  this  has  the  general  shape  shown  in 
Fig.  1  and  is  plotted  between  armature  volts  as  ordinates 
and  field  amperes  as  abscissas,  and  is  ordinarily  taken 
with  the  armature  open-circuited.  This  curve  is  so  called 
because  it  shows  the  relation  between  the  degree  of  mag- 
netic saturation  of  the  iron  and  the  corresponding  field 
excitation,  the  armature  voltage  being  proportional  to  the 
magnetic  flux  at  no  load.  As  the  voltage  is  also  propor- 
tional to  the  speed  't  is  essential  that  the  speed  be  held 
constant  throughout  this  test. 

In  conjunction  with  this  curve  a  running  impedance 
curve  should  i)e  taken.  This  is  plotted  iietwecn  armature 
amperes  and  field  amperes,  the  alternator  being  short-cir- 
cuited during  Ihe  test.  The  curve  takes  the  form  of  a 
straight  line,  as  in  Fig.  2,  and  the  resulting  armature 
currents  lie  considerably  below  the  value  to  which  they 
would  rise  momentarily  if  a  short-circuit  were  thrown  on 
(he  machine  while  running  open -circuited  with  the  same 
strength  of  field  excitation.     It  is  customary  to  hold  the 


speed  constant  during  this  test,  but  it  is  not  so  necessary 
as  in  the  case  of  the  saturation  curve,  because  alternating 
current   is  directly  proportional  to  the  voltage  and  in- 
-sersely  proportional  to  the  impedance  as  expressed  by 
jE 


I 


Considerma 


the    expression    for    impedance,    whic 
remembered 


V -K2  -|-  {-Z-fL)^,  it  is  remembered  that  the  ma- 
chine is  short-circuited  during  this  test  and  the  resistance 
li  is,  therefore,  practically  negligible.  Hence  the  iijiped- 
ance  becomes  2  -r  f  L  (or  reactance  only)  and 

f 

In  this  expression,  E  (the  voltage)  is  proportional  to  the 
speed  as  is  also  /  (the  frequency).  The  numerator  and 
denominator  both  being  proportional  -to  the  speed,  any 
change  of  speed  will  not  affect  the  value  of  the  fraction, 
which  is  equal   to  /    (the  current).    Actual  experiment 


Field    Amperes 

Fni.  1.  SATiiiATiox 
Curve 


Fi'eld     Amperes     ^ 

Fig.  2.  Impedance 
Curve 


bears  out  this  interesting  fact,  for  the  current  will  hold 
up  to  normal  till  the  machine  is  within  a  few  revolutions 

of  stopping. 

Voltage  Regulation 

These  two  curves  are  useful  in  determining  the  volt- 
age regulation  on  large  alternators  when  it  is  imprac- 
ticable to  load  them,  actually.  Generator  regulation  may 
be  defined  as  the  percentage  change  from  normal  volt- 
age when  full-load  noninductive  current  is  suddenly 
thrown  olT,  holding  the  field  excitation  and  speed  the 
same.  In  most  alternators  this  is  about  6  or  8  per  cent., 
Init  the  smaller  the  regulation  range,  the  larger  and  cost- 
lier the  machine.  Sometimes  regulation  is  called  for  at 
80  or  90  per  cent,  power  factor;  this  is  taken  lagging,  as 
a  leading  ])owcr  factor  would  cause  a  drop  in  voltage  if 
the  load  were  thrown  off.  The  present  tendency,  however, 
is  not  to  lay  so  much  stress  on  regulation,  because  of  the 
admirable  automatic  regulation  by  the  Tirrcll  regulator. 

Efficiency 

FfUciency  is  the  ratio  of  the  useful  output  to  the  total 
input,  or  letting 
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E  =  Total  energy  used  in  drivinsj  the  generator : 
E'  ==  Energy  available  at  terminals  of  the  maehine ; 
e  =  Total  losses. 

Efflciency  =  -g.  =  -^^-^^  =  — ^- 

The  efficiency  of  ordinary  alternators  varies  from  90 
to  95  per  cent.  The  losses  consist  of  windage,  bearing 
and  brush  friction,  iron  losses  and  copper  losses.  Methods 
of  measuring  and  separating  these  will  be  discussed  later. 

Customers  are  more  and  more  appreciating  the  fact 
that,  while  a  short-circuit  is  not  a  normal  condition,  yet 
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Fig.  3.  Testixg  Alternator  by  Means  of  Syx- 
CHROxovs  Motor  and  Water  Eheostat 

It  ma)'  happen  in  any  well  ordered  plant  and  the  sys- 
tem to  be  operative  must  be  able  to  withstand  this. 

Heat  Kux 
Assume  now  that  a  representative  is  at  the  factory 
readv  to  inspect  the  alternator  which  is  to  be  tested  for 
his  approval.  He  finds,  if  the  size  is  small  enough,  that 
it  is  arranged  to  be  driven  at  full  load  by  some  source  of 
power  whose  speed  can  be  held  constant.  While  prepara- 
tions are  being  made  to  commence  the  heat  run.  the  in- 
spector should  look  the  machine  over  carefully  for  me- 
chanical defects  or  undesirable  construction.  Meanwhile 
thermometers  are  being  put  on  all  important  stationary 
parts ;  also  several  are  hung  nearby  to  get  the  room  tem- 
perature. The  machine  should  have  stood  at  least  24  hr. 
so  that  it  will  have  a  consistent  and  uniform  tempera- 
ture in  all  its  parts  which  should  be  at  or  near  the  room 
temperature.  After  carefully  noting  the  field  and  arma- 
ture temperaturas  by  means  of  two  or  three  thermom- 
eters, the  resistances  of  both  are  measured  and  recorded. 
The  heat  test  is  now  started  at  rated  full-load  current  and 
normal  voltage  and  speed.  Eecords  should  be  kept  of 
armature  volts,  armature  amperes,  field  volts  and  field 
amperes  as  well  as  the  speed.  Also  the  temperature  of 
the  field  by  "rise  of  resistance"  should  be  calculated  in 
connection  with  each  set  of  readings,  as  follows: 
Let 

Tc  =  Temperature    of   field    by    thermometer    when 

cold,  degrees  Centrigrade ; 
Ec  =  Corresponding  resistance: 
Tk  =  Temperature  of  field  to  be  determined   (hot), 

degrees  CeDtigrade: 
Rh  =  Corresponding  resistance. 
Then 

Th  +  238  _  Rh 
Tc  -h  238       Re 


To  find  the  temperature  of  the  field,  it  is  necessary  only 
to  measure  the  current  and  voltage  of  the  field,  calculate 
the  resistance  and  substitute  in  the  foregoing  equation. 
For  in.stance,  suppose  that  before  starting  the  resistance 
was  0.9  ohm  and  the  temperature  of  the  field  at  that 
time  was  30  deg.  C.  At  some  time  during  the  run  it  is 
found  that  the  field  resistance  has  risen  to  one  ohm.  Then 
the  temperature  would  be : 

Th  -f  238  _  J_ 

30  -I-  238  ~  (To 
whence. 


Th  = 


30  -I-  238 
0.9 


238  =  59.8°  C. 


The  test  is  continued  till  all  parts  show  a  constant 
temperature  rise  and  no  longer  continue  to  increase.  This 
usually  requires  from  4  to  6  hr.  The  nuichine  is  then 
shut  down  and  thermometers  are  put  on  all  moving  parts 
quickly  and  the  maximum  temperatures  are  recorded, 
lleantime  the  field  and  armature  resistances  are  being 
carefully  measured,  and  from  the  hot  and  cold  readings 
the  temperatures  are  calculated  and  compared  with  the 
thermometer  readings. 

Perhaps  the  simplest  and  most  usual  way  of  securing 
a  specified  power  factor  for  a  power-factor  heat  run  is 
by  the  use  of  a  synchronous  motor  running  at  no  load 
on  the  line  and  in  parallel  with  the  rheostat  load.  The 
field  of  this  motor  can  be  varied  to  secure  any  power  fac- 
tor desired. 

Assume  that  a  three-phase,  200-kw.,  2300-volt  alter- 
nator is  to  be  tested  at  full  load,  SO  per  cent,  power  factor. 
This  would  probably  be  connected  to  water  rheostats  for 
load  and  to  a  similar  machine  of  the  same  frequency  and 
voltage  (in  parallel  with  the  rheostats)  to  be  run  as  a 
synchronous  motor  to  furnisii  the  required  power  factor. 
Fig.  3  shows  a  diagram  of  the  arrangement. 


k        Power  Zurreni_ 
in  Rheosfai- 
\<-Toi-al  Por/er  Curreni- 

Fig.  4.  Cukkext  Values  Determixed  Graphically 

The  normal  generator  current  at  unity  power  factor  is: 
W  ^  200,000  ^  ., 
r  X  VI  ~  ^300  X  1.732  -  °  '- 
or  50  amp.  (for  convenience).  This  is  the  current  that 
IS  necessary  to  develop  200  kw.  at  unity  power  factor  at 
2300  volts  and  is  represented  by  ox  in  the  current  triangle 
in  Fig.  4.  But  when  running  at  80  per  cent.  pov>-er  fac- 
tor, the  armature  current  will  be  increased,  due  to  the 
vectoral  addition  of  wattless  current :  hence  the  total  cur- 
rent will  be  50  -=-  0.8  =  62.5,  which  is  represented  by  oy. 
The  wattless  component  of  the  current  is  .)•//,  which  equals 

V  62.5-  —  502  =  V  3906.25  —  2500=  37.5  amp. 

The  test  is  now  ready  to  be  started,  and  a  good  way  to 
bring  the  synchronous  motor  up  to  speed  is  outlined  hi'- 
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low.  Close  the  switches  at  Y  (Fig.  3),  leaving  those  at  X 
open.  Now  put  appro.ximately  normal  field  excitation  on 
both  machines  and  start  the  generator;  this  will  bring  up 
the  motor  in  phase  with  the  generator  and  avoid  the  neces- 
sity of  synchronizing. 

The  first  thing  to  do  is  to  take  a  curve  on  the  synchron- 
ous motor  to  determine  its  smallest  input  current.  This 
is  plotted  between  armature  amperes  and  field  amperes 
and  has  the  general  appearance  shown  in  Fig.  5.  Corre- 
sponding with  no  field  on  the  motor  is  the  large  arma- 
ture current  at  y.  This  gradually  decreases  as  the  field 
current  is  increased  until  it  becomes  a  minimum  at  b, 
after  which  it  will  increase  again  with  any  further  in- 
crease of  field  excitation.  A  number  of  points  should  be 
taken  close  together  near  b  to  determine  the  value  of  cb 
accurately.  This  is  the  minimum  armature  current  neces- 
sary to  run  the  synchronous  motor  and  it  is  all  power 
current;  that  is,  current  in  phase  with  the  voltage,  and 
any  addition  to  this  is  wattless.  In  other  words,  it  is 
the  current  necessary  at  unity  power  factor  to  overcome 
the  friction  and  other  losses  of  the  motor.  Referring  to 
Fig.  5,  of  the  current  ez,  eh  is  power  current  and  hz  is 
the  addition  caused  by  the  wattless  current.  All  the 
wattless-current  values  to  the  left  of  ahc  (with  an  under- 
excited  field)  are  lagging  behind  the  voltage  and  those  to 
the  right,  caused  by  an  over-excited  field,  are  leading. 

Since  cb  is  the  power  current  necessary  to  run  the 
motor  light,  this  will  constitute  a  part  of  the  power  cur- 
rent of  the  generator.  On  the  triangle  of  currents,  Fig. 
4,  lay  off  xz  equal  to  this  amount.  Assume  it  to  be  3 
amp.  This  brings  us  to  the  point  of  calculating  the  total 
current  that  will  be  taken  by  the  synchronous  motor  when 
producing  an  80  per  cent,  power  factor  in  the  generatoi- 
load.  The  total  motor  current  would  be  xy  if  no  power 
were  necessary  to  overcome  the  friction,  windage  and  other 
losses;  l)ut  this  is  combined  with  the  motor  power  cur- 
rent and  produces  the  total  motor  current 


//«  =  V  xz-  -\-  .(■//■- 
This   figures   3T.55,   which    is  not   much   larger  than   the 
wattless  current  xy. 

Manifestly,  the  currcnl  tlowing  in  the  water  rheostats  is 
oz  =  ox  —  zx  =  -18  am]).  In  other  words,  the  50  amp. 
total  generator  power  current  is  coni])osed  of  2  amp.,  used 
to  drive  the  motor  and  48  amp.  absorbed  by  water 
rheostats. 

Ill  making  the  heat  run,  at  SO  per  cent,  power  factor 
and  full  load,  one  man  holds  the  synchronous-motor  ex- 
citation at  the  value  which  was  found  to  give  the  mini- 
iiiuiii  motor  current.  The  switches  at  X,  Fig.  3,  are  now 
closed  ami  the  resistance  in  the  water  rheostats  is  cut 
iliiww  till  the  line  current  equals  that  corresponding  to 
total  ])owev.  The  ammeters  will  then  read  48  aniji..  at 
/!,,  Fig.  3 ;  .■)()  amp.  at  A.^  and  2  amp.  at  A.,.  It  should  be 
noted  tliat,  at  present,  tlie.sc  currents  are  all  at  100  per 
cent.  ]K)Wcr  factor.  One  man  should  hold  a  current  of 
48  amp.  on  meters  .1,  from  now  on  till  the  end  of  the 
run.  by  adjusting  the  water  rheostats  when  necessary.  The 
.•iynchronous-motor  field  is  next  weakened  until  the  total 
current,  read  at  /l,,  is  increased  to  (52.5  amp.  The  pre- 
scrilied  conditions,  shown  diagrammatically  in  Fig.  I, 
are  now  established  and  the  meters  at  .1;,  (Fig.  3)  should 
read  37.5.')  amp.  as  a  check. 

If  a  regubTtion  test  is  desired  it  slumld  be  (b)ne  itnniedi- 
atelv  after  the  beat  run,  while  the  machine  is  warm.  This 


test  has  been  described  elsewhere  and  being  simple  it 
would  be  superfluous  to  describe  it  again  here. 

Very  often  it  occurs  that  the  machine  is  too  large  to 
be  loaded  fully  on  the  testing  floor.  Under  such  condi- 
tions it  is  necessary  to  resort  to  compromise  tests.  These 
consist  of  an  open-circuit  and  a  short-circuit  heat  run. 

Saturation  and  running  impedance  curves  should  be 
taken  immediately  previous  to  the  open-  and  short-circuit 
runs  respectively.  The  manufacturers  specify  some  per- 
centage above  the  normal  voltage  to  be  held  constant  for 
the  open-circuit  run  and  likewise  some  percentage  excess 
over  the  normal  current  for  the  short-circuit  run. 

A  better  way  to  ascertain  the  excitation  to  hold  during 
tlie  open-circuit  heat  run  is  to  determine  the  regulation 
by  the  use  of  the  saturation  and  impedance  curves.  Sup- 
pose the  excitation  necessary  to  produce  normal  voltage 
at  no  load,  according  to  the  saturation  curve,  is  I'l,  and 
from  the  impedance  curve  the  excitation  to  give  normal 
armature  current  is  i,.  Then  the  excitation  current  nec- 
essary to  maintain  normal  voltage  at  full  load  is  obtained 
by  combining  these  two  values  at  right  angles: 

J  =  V  {>\)-'  +  ii,y 
This  is  the  field  current  that  should  be  held  during  the 
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open-circuit  run,  letting  the  voltiige  come  wbat  it  will. 
Call  this  voltage  I',  and  the  normal  voltage  V.    Then  the 

calculated    percentage   regulation,   /.'    ei|uals  j — ^-j. 

Continuing  such  -an  open-circuit  run  until  the  tempera- 
tures are  constant  will  give  a  very  fair  idea  of  the 
field  tem])eratures  that  may  be  expected  at  full  load. 

Iiiiinediatcly  following  the  open-circuit  run,  a  short- 
(ireuil  inn  sboiilil  be  started,  at  a  considerable  percent- 
age above  the  i-ated  current.  This  is  a  test  on  the  arma- 
ture, pure  and  simple,  as  the  field  excitation  will  be  low. 

Fn-'icrKNcY  FiioM  Losses 

Should  llu^  juircbaser  wish  to  satisfy  himself  regarding 
the  guarantees  for  emciemy.  the  ]iroceduro  would  be  to 
measure  tlic  losses  directly  and  compute  the  efficiency 
from  them.  The  los.sses  of  an  alternator  may  be  classified 
as  follows:  Copper  loss,  iron  loss,  friction  and  windage. 
There  are  two  subdivisions  of  copper  loss,  namely,  fiebl 
and  armature  loss.  Tlie  field  loss  is  determined  by  meas- 
uring the  resistance  of  the  field  very  carefully  while  hot. 
The  loss  in  watts  is  tlien  computed  by  substituting  in  the 
familiar  exiji-essioii,  IF  =  /■•'  A'.    As  to  the  armature  loss. 
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the  same  expression  can  be  used,  as  the  reactance  of  the 
armature  does  not  cause  any  heating. 

The  iron  or  core  loss  is  composed  of  hysteresis  and 
eddy-current  losses.  Its  collective  magnitude,  including 
friction  and  windage,  is  determined  by  means  of  belting 
a  small  direct-current  motor  to  the  alternator  and  meas- 
uring the  motor  input  in  watts  necessary  to  run  the  com- 
bination at  various  alternator  excitations  and  later  sub- 
tracting the  power  necessary  to  run  the  motor  alone. 

The  belt  used  should  be  as  light  as  possible  and  not 
laced  but  should  be  endless,  because  any  irregularity  will 
make  the  motor-input  ammeter  needle  jump  every  time 
it  passes  over  the  pulley  and  thus  increases  the  liability  of 
error.  Sometimes  when  all  conditions  are  the  best  that 
can  be  obtained,  the  ammeter  needle  still  has  a  very  an- 
noying swing.  This  has  been  overcome  in  several  in- 
stances by  reactance  in  the  motor-armature  circuit. 

The  motor  field  should  be  separately  excited  and  the 
rheostats  in  the  field  circuit  should  be  so  arranged  that 
some  convenient  field  strength  can  be  held  constant 
throughout  the  test.  This  value  of  the  field  current  must 
not  be  varied  under  any  circumstances.  The  motor  arma- 
ture is  to  be  wired  to  some  independent  source  of  power 
whose  voltage  can  be  varied  at  will  over  a  considerable 
range.  The  rheostats  for  this  purpose  should  be  con- 
venient to  the  man  holding  speed  and  the  speed  of  the 
alternator  must  be  held  as  close  as  possible  to  the  normal 
value  throughout  the  test,  by  varying  the  driving-motor 
voltage,  the  two  brushes  used  to  measure  the  armature 
voltage  on  the  motor  must  be  thoroughly  insulated  from 
their  boxes  by  wrapping  with  paper.  This  will  eliminate 
the  drop  due  to  brush  and  brush-holder  resistances. 

The  motor  and  alternator  should  first  be  run  at  ap- 
proximately normal  speed  for  an  hour  or  two  until  condi- 
tions become  steady ;  then  take  readings  for  the  core-loss 
curve.  These  are  taken  with  the  alternator  open-circuited 
and  are  carried  up  to  25  per  cent,  above  normal  voltage. 
The  field  current  for  each  point  must  be  rising;  that  is, 
do  not  go  above  a  certain  value  and  then  drop  back  to  it 
again.  If  the  field  current  rises  above  that  intended, 
take  the  reading  at  the  higher  point.  Take  several  read- 
ings close  to  normal  excitation  and  one  point  exactly  at 
normal.  Readings  may  be  conveniently  tabulated  accord- 
ing to  the  following  form.  After  ten  or  twelve  points  have 

Generator  Motor 


VA         VF 

AF 

Speed 

VA     '    VF         AA 

AF 

Speed 

been  taken,  plot  a  trial  curve  between  motor-armature 
amperes  and  alternator  excitation  to  see  if  any  points  are 
radically  wrong  and  if  they  Are,  check  them.  There  should 
be  no  sudden  change  in  the  motor  voltages  from  one  read- 
ing to  the  next.  Now,  without  any  excitation  on  the  al- 
ternator, take  a  very  careful  reading  on  the  motor.  Next, 
remove  the  brushes  from  the  alternator  rings  and  take 
another  reading  if  desired.  This  is  to  separate  the  brush 
friction^  which  may  be  so  small  that  it  cannot  be  read. 
The  belt  is  next  removed  and  the  power  necessary  to 
run  the  motor  alone  is  determined.  Hold  the  same  field 
strength  that  was  held  throughout  the  core-loss  curve: 
also  hold  normal  speed  by  adjusting  the  voltage. 
After  this  the  motor  should  be  shut  down  and  the  arma- 
ture carefully  measured  to  determine  the  P  B  loss  of  the 
motor  armature.    Tabulate  the  alternator-field  excitations 


and  the  corresponding  motor-watts  input,  and  plot  the 
curve  which  has  the  general  shape  ab.  Fig.  6.  The  motor 
watts  at  no  alternator-field  excitation  are  the  friction, 
windage  and  brush  losses  of  the  alternator,  including 
motor  losses  and  are  constant  for  all  field  strengths  of  the 
alternator  except  for  the  increment  of  additional  /-  R 
loss  over  and  above  the  runing  light  /-  U  loss  of  the  motor 
occasioned  by  increased  armature  current.  These  losses, 
excepting  the  variable  additional  P  R  loss  of  the  motor, 
are  represented  by  ccl,  eg  representing  the  variable  /-  R 
and  ef  the  wattage  input  to  the  motor  with  the  belt 
thrown  off.  Assume  that  the  point  z  on  the  curve  ab  is 
at  normal  excitation.  Then  wx  represents  the  "running 
light"  motor  losses,  which  are  the  same  at  every  point ; 
xy  is  the  friction  and  windage  of  the  alternator  in  watts, 
!///'  is  the  additional  /-  R  loss  of  the  motor,  caused  by  the 
armature  current  in  excess  of  that  while  running  free  and 
y'z  is  the  core  loss  at  that  point.  The  proper  core  loss 
to  use  in  calculating  full-load  efficiency,  is  that  corre- 
sponding to  the  normal  voltage  plus  the  /-  R  drop  of  the 
armature. 

In  addition  to  the  core  loss  as  determined,  there  is  a 
second  factor  known  as  "load  iron  losses"  and  these  are 
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not  any  too  well  understood.  They  are  determined  by 
taking  readings  for  a  core-loss  curve  as  outlined,  but  with 
the  armature  short-circuited.  This  value,  for  full-load 
conditions,  equals  the  core  loss  thus  determined  (with 
rated  full-load  current  flowing  in  the  armature),  minus 
the  /-  R  of  the  armature,  the  remainder  being  divided 
by  3;  that  is  {\\  —  PR)  -^  3. 

Representing  the  total  losses  of  full  load  by  L,  the  effi- 
ciencv  is  £"  =  H'  -h  (U'  —  L)  where  ir  is  the  watts 
output. 

This  completes  the  running  tests  usually  called  for  on 
alternating-current  generators. 

Insulation  Test 
There  remains  the  high  potential  test  on  the  insulation. 
This  should  be  made  while  the  insulation  is  warm,  be- 
cause in  this  condition  its  dielectric  strength  is  likely  to 
be  somewhat  less  than  when  cold.  In  every  case  the  volt- 
age is  applied  between  the  windings  and  the  iron,  and  is 
left  on  for  a  period  of  one  minute.  For  high-voltage  ma- 
chines the  amount  of  test  potential  put  on  the  armature 
windings  is  usually  about  double  the  normal  terminal 
voltage,  but  on  the  lower  voltage  machines  this  amount  is 
usually  increased.  Revolving  fields  all  take  9300  volts 
or  thereabouts,  applied  between  the  windings  and  the  core. 
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Gas  Power  Plant   in  Wool  Ware- 
houses 

By  E.  F.  Le.-kxed 

The  gas  power  plant  liereiii  described  serves  two  wool 
warehouses  located  at  South  Boston,  one  of  which  is  the 
hirgest  in  the  United  States.  The  buildings  are  of  brick 
and  concrete,  the  larger  478  ft.  long,  122  ft.  wide  and 
nine  stories  in   height.      In   the   rear  and  at  one  end  of 


\V.\Ki:iiou8i;s  ix  Which  Plaxt  is  Ix.st.\lled 

the  structure,  but  separated  from  it  by  a  narrow  street,  is 
another  building  about  138x107  ft.,  and  of  the  same 
height.  The  total  floor  area  of  the  two  buildings  is  about 
IGi/o  acres,  and  the  storage  capacity  is  lO.OOO.OOO  lb. 
nf  wfidl.     The  powei-  plaiit    1-^  und(M-neath   the   streci    bi-- 


Iweeu  the  buildings  and  supplies  electricity  for  the  light- 
ing and  the  power  load. 

The  buildings  are  equipped  with  six  passenger  elevators 
of  1500  lb.  capacity  running  at  a  speed  of  100  ft.  per 
mill.,  nine  freight  elevators  of  5000  lb.  capacity  operating 
at  100  ft.  per  min.  and  nine  whip  hoists  lifting  a  maxi- 
mum load  of  iOO  lb.  at  500  ft.  ])er  min.  These  machines 
are  electrically  driven. 

There  are  two  main  units  consisting  of  Nash  gas  en- 
gines, direct  connected  to  Westinghonse  230-volt,  direct- 
current  generators  running  at  250  r.p.m.  One  is  a  150- 
hp.,  13xl6-iu.,  three-cylinder  engine  driving  a  90-kw. 
dynamo,  and  the  other  a  100-hp.,  Ilxl4-in.  three-cylinder 
engine  driving  a  62i^-kw.  machine.  The  generators  de- 
h\er  current  to  a  three-wire  system,  all  the  motors  being 
supplied  from  the  230-volt  circuits.  A  rotary  balancer 
IS  installed  on  the  lighting  system. 

The  fuel  is  illuminating  gas,  supplied  by  the  Boston 
Consolidated  Gas  Co.,  a  5-in.  line  being  carried  from  the 
service  connection  to  two  500-light  meters,  with  connec- 
tions so  arranged  that  the  gas  can  flow  either  through 
both  meters  or  one  can  be  used  as  a  spare.  The  engines 
are  supplied  througli  4-  and  3-in.  branches  from  a  6-in. 
line  leading  from  the  meters.  A  bypassed  regulator  is 
provided  in  each  branch. 

Six  vertical  air  tanks,  working  under  180  lb.  pressure 
and  supplied  by  a  6x6-in.  motor-driven  Curtis  com- 
pressor, are  provided  for  starting  the  engines.  Cooling 
water  for  the  compressor  is  supplied  through  a  i/^-in. 
pil)e  from  the  city  service.  The  tanks  discliarge  into  a 
1'4-in.    line    ser\iiig    each    engine.      An    ;ni\iliai'v    com- 
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pressor,  belt  driven  by  an  18-iii.  Pelton  wheel,  is  installed 
with  a  1-in.  pipe  connecting  to  the  li/^-in.  air  line.  This 
wheel  is  supplied  under  about  48  lb.  pressure  by  a  Si^- 
iu.  pipe  from  the  service  connection  and  discharges  into 
the  sewer. 

The  exhaust  pipes  from  the  engines  are  6  and  5  in., 
respectively,  and  lead  to  mufflers  discharging  into  an  18- 
in.  manifold  about  26i/^  ft.  long.  A  12-iu.  pipe  connects 
the  manifold  with  a  12-in.  wrought-iron  riser  extending 
6  ft.  above  the  roof.  The  pipe  and  riser  are  drained  by 
a  l-in.  pipe  leading  to  a  Si/o-in.  drip  line  from  the 
mufflers. 

Cooling  water  for  the  engines  is  supplied  through  1 1/2- 
and  lV4-in.  branches  from  the  city  water  supply.  The 
heated  jacket  water  may  be  tised  in  heating  the  plant  by 
passing  it  through  two  S-in.  return-bend  wall  coils,  each 

exe^'A/rCc-^prsscc-  B:orfer,SHp.MoiK?r         To  Roof 


Air  Mufflers 

Plan  of  Exgixe  axd  Battery  Roo.ms 

containing  about  350  sq.ft.  of  radiating  surface,  or  it 
may  flow  through  connections  to  a  2%-in.  line  and  siphon 
into  the  sewer.  The  siphon  is  fitted  with  a  check  valve 
and  an  overflow  pipe  leading  to  a  sink.  Low-pressure 
boilers  are  also  installed,  however,  for  heating  the  offices. 

Provision  for  engine  ignition  is  made  by  20  cells  of 
type  "ET"  chloride  accumulators  and  a  2-hp.  motor-gen- 
erator set.  The  capacity  of  the  storage  battery  is  20 
amp.-hr.  at  40  volts.  Current  from  the  battery  is  used 
in  starting  the  engines,  and  after  the  generators  are  in 
operation  the  motor-generator  is  switched  into  service, 
either  supplj-ing  the  batteries  or  furnishing  the  ignition 
current. 

A  third  system  of  electric  ignition  is  provided  by 
tlie  use  of  an  independent  source  of  electricity  consisting 
of  24  cells  of  dry  battery  with  leads  carried  in  a  separate 
conduit  to  the  engines. 

There  are  also  124  cells  of  type  "E  11"  chloride  ac- 
cumulators having  a  rated  capacity  of  25  amp.  for  8  hr. 
During  the  dav  the  batterv  is  used  to  regulate  load  fluctu- 


ations through  a  range  of  about  125  amp.  At  night  it 
supplies  the  lighting  and  elevator  service  after  the  gen- 
erators are  shut  down.  The  battery  jars  are  of  such  size- 
that  the  rating  of  the  batter}-  can  be  increased  50  per 
cent,  by  the  installation  of  additional  plates. 

The  main  circuit-breakers  are  equipped  with  reverse- 
current  relays  to  insure  against  trouble  caused  by  aa 
engine  working  badly  when  the  generators  are  connected 
in  parallel,  or  from  the  battery  feeding  back  to  the  ma- 
chines. 

The  power  load  consists  of  six  10-hp.  motors,  nine  20- 
hp.  motors,  and  nine  11.5-hp.  motors  operating  respective- 
ly the  passenger  and  freight  elevators,  and  the  whips.  The 
lighting  load  consists  of  2805  sixteen-candlepower  equiva- 
lents. Only  one  generator  is  operated  at  a  time,  the 
other  being  held  in  reserve. 

The  plant  is  ventilated  by  natural  and  forced-draft 
systems.  Two  brick  vent  stacks  about  5x5  ft.  in  section 
are  located  at  opposite  corners  on  the  same  side  of  the 
engine  room,  extending  from  the  ceiling  to  a  height  of 
approximately  10  ft.  above  the  level  of  the  street.  Swing- 
ing sashes  are  provided  at  the  tops  of  the  stacks  permit- 
ting the  draft  to  be  regulated  at  will.  In  the  forced  sys- 
tem of  ventilation  the  air  is  withdrawn  from  the  upper 
portion  of  the  engine  and  battery  rooms  through  ducts 
and  is  exhausted  by  a  50-in.  motor-driven  blower  which 
exhausts  into  a  duct  leading  to  a  20-in.  galvanized-irou 
duct  carried  to  the  roof.  There  are  openings  about  one 
foot  square  near  the  floor  in  each  side  of  the  battery  room 
permitting  a  circulation  of  air  to  be  maintained. 

The  engine  room  is  lighted  by  gas,  arc  and  incandes- 
cent lamps. 

The  installation  was  designed  by  W.  H.  Edmondson, 
•'ugineer  of  the  Boston  Consolidated  Gas  Co. 

Gasoline-Electric   Generating  Set 

A  line  of  small  gasoline-electric  generating  sets,  in- 
tended primarily  for  such  service  as  country  estates,  shops, 
vessels,  etc.,  has  recently  been  put  out  by  the  B.  F.  Sturte- 
vant  Co..  of  Hyde  Park,  Mass.    At  present  three  sizes  are 


10-Kw.  Gasolixe-Electeic  Gexeratixg  Set 

built,  namely,  5,  10  and  15  kw.,  the  engine  being  mounted 
on  the  same  base  as  the  direct-current  generator. 

The  ensines  are  of  the  four-stroke-cvcle,  vertical,  multi- 
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cylinder,  long-stroke  type  with  four  or  six  cylinders,  ac- 
cording to  the  capacity.  In  the  5-k\v.  set  the  cylinders 
are  cast  "eu  bloc"  with  inclos  i  valves  and  integral  inlet 
and  exhaust  manifolds;  in  the  larger  sizes  the  cylinders 
are  cast  in  pairs  as  in  the  illustration. 

Forced  lubrication  is  employed,  oil  being  supplied  un- 
der 20  lb.  pressure  to  all  the  bearings  by  a  gear-driven 
pump.  The  lower  part  of  the  base  forms  an  oil  reser- 
voir holiling  sufficient  oil  for  50  hrs.'  use. 

Regulation  is  effected  through  a  centrifugal  governor, 
driven  by  bevel  gears  from  the  camshaft  and  controlling 
a  throttle  valve. 

To  Investigate  Substitutes  for  Gasoline 

Aniiouncenicnt  is  njade  of  the  active  cooperation  of 
the  National  Association  of  Automobile  Manufacturer.- 
and  the  Society  of  Automobile  Engineers  in  a  movement 
to  investigate  the  applicability  of  kerosene  and  other  low- 
grade  petroleum  products  as  a  substitute  for  gasoline. 
This  movement  is  significant  in  that  it  is  the  first  definite 
response  to  the  present  complaints  throughout  the  coun- 
try against  the  advance  in  price  of  gasoline  accompanied 
by  a  lower-grade  product. 

Although  only  tentative  plans  have  been  made  thus 
far,  the  commercial  side  of  the  problem  will  be  handled 
by  the  manufacturers'  association  and  the  research  work 
will  be  looked  after  by  the  automobile  engineers. 

Special  opportunity  will  be  given  inventors  and  others 
who  are  interested  in  the  development  of  new  fuels  as 
suljstitutes  for  gasoline  to  demonstrate  not  only  their  ap- 
plicability to  automobile  propulsion,  but  also  the  extent 
to  which  they  can  be  produced  and  the  probable  relative 
cost.  In  this  connection  the  investigation  will  study 
fuels,  .such  as  the  new  motor  spirits,  recently  placed  on 
the  market  by  the  Standard  Oil  Co.,  of  Indiana,  which  is 
manufactured  from  a  residue  formerly  marketed  at  a 
low  price  as  fuel  oil. 

Coal  tar,  peat  and  even  vegetable  refuse  are  possible 
sources  of  hydrocarbon  compounds  that  may  be  used  as 
fuel  that  are  at  present  under  investigation  by  various 
authorities,  while  several  companies  have  recently  under- 
taken the  exploitation  of  fuels  declared  to  be  suitable  as 
gasoline  substitutes  which  are  not  directly  dependent  on 
the  petroleum  market,  or  which  are  entirely  independent 
of  it.  Those  interested  in  sub.stitute  products,  as  well 
as  ill  new  processes  for  increasing  the  yield  of  gasoline 
and  >imilar  products  from  petroleum  itself  will  be  in- 
vited  lo  ])lace  them   before  the  investigators. 

Ill  a  similar  way.  inventors  of  carburetors  and  other 
il(\ices  calculated  to  adapt  the  ordinary  gasoline  engine 
to  the  u.se  of  kerosene,  distillate  and  similar  low-grade 
fuels,  will  be  given  opportunity  to  demonstrate  then 
merits  to  the  satisfaction  of  the  investigators.  An  iiii- 
|>ortaiit  aspect  of  the  work  will  be  a  study  of  the  car- 
buretion  methods  at  present  employed  with  a  view  to  ile- 
tertiiining  what  modifications  are  necessary  in  order  to 
coiie  with  the  low-grade  gasoline  that  is  available  at 
)iresciit.  Mild  pending  possible  relief,  frnm  whatever 
source  it   may  be  derived. 

ConslderlnK  the  convenience  that  it  affords  and  the  price 
of  retail  current  from  central  station.'),  electricity  from  a 
Kasollne-electric  plant  can  be  produced  at  a  cost  that  will 
stand  very  favorabli'  comparison  with  the  cost  of  a  similar 
supply  from  any  other  source. — "The  Isolated   Plant." 


CORRESPONDENCE 


Circulating  Systems 

In  an  article  on  "Gas  Engine  Jacket  Circulating  Sys- 
tems," by  A.  C.  Wilson,  in  the  Mar.  4  issue,  methods  are 
given  for  connecting  circulating  tanks.  There  are  several 
objections,  however,  to  the  use  of  tanks  connected,  ac- 
cording to  the  methods  shown. 

One  very  serious  objection  is  that  it  would  be  impos- 
sible to  cut  out  one  tank  in  ease  of  a  leak,  or  other  neces- 
sity, without  cutting  ofl  the  water  from  the  engine  al- 
together. Also  in  Figs.  3  and  4,  the  hot  water  com- 
ing from  the  engine  jacket  must  descend  to  the  bottom 
of  the  first  tank,  then  rise  to  the  top  and  enter  the  sec- 
ond tank,  then  descend  to  the  bottom  and  so  on.  In 
my  opinion  this  would  result  in  poor  circulation. 

The  sketch  herewith  submitted  shows  the  method  u.sed 
bv  one  of  the  largest  builders  of  gas  engines  in  the  United 
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Drain  Cock 

SuGui-;sTi:ii  .Viikanckmicxt  or  Taxks 

States.  By  this  arrangement  any  tank  in  the  series  may 
be  cut  out  without  affecting  the  circulation  of  the  water 
tlirough  the  remaining  tanks.  This  is  very  convenient, 
for,  in  case  a  tank  should  spring  a  leak,  it  can  be  shut 
olf  from  the  line,  drained  and  repaired.  Also,  in  cold 
weather  when  it  is  not  always  necessary  to  use  all  the 
tanks  one  or  more  may  be  cut  out  to  keep  the  water  at 
the  proper  temperature.  This  is  very  important  on  hoist- 
ing engines  where  the  load  is  intermittent  and  the  en- 
gine operates  a  part   of  the  time  without  a  load. 

In  engines  above  32  lip.,  a  circulating  pump  is  jdaced 
in  the  lower  pipe  line. 

C.   C.    DwiGHT. 

Salt  Lake  Citv.  Utah. 


If  you  \vorl<  ffir  .i  m:in.  i?i  Heaven'.s  name  worlc  for  him. 
If  he  pay.s  you  wane.s  that  supply  your  bread  and  butter, 
work  for  him;  speak  well  of  him;  stand  by  him  and  stand 
by  thi'  Institution  he  represents.  If  put  to  a  pinch,  an  ounce 
of  loyalty  is  worth  a  pound  of  cleverness.  Tf  you  must 
vilify,  condemn  and  eternally  disparaise,  why,  reslKn  your 
position  and.  If  you  are  a  weakling,  when  you  are  outside 
damn  to  your  heart's  content.  But  as  long  as  you  are  a  part 
of  the  institution,  do  not  condemn  It. — "Pacific  Service  Maga- 
zine." 
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Refrigeration  with  Carbon  Dioxide 

111  jirevunif;  articles  iii  this  department  the  use  of  ain- 
inoiiia  for  refrigeration  by  means  of  the  compression  ami 
absorption  systems  was  described.  There  are  other 
mediums  wliieh  have  been  used  with  varying  degrees  of 
success.  Air,  sulphuric  ether,  sulphur  dioxide  and  car- 
bon dioxide  may  be  mentioned  as  examples,  and  of  these 
carbon  dioxide  now  has  much  wider  use  than  any  of  the 
others.  It  is  commonly  called  carbonic-acid  gas  and  its 
chemical  symbol  is  CO^,,  which  means  one  part  of  carbon 
to  two  parts  of  oxygen  by  \olume.  As  a  gas  it  is  present 
;u  the  air  in  volumes  varying  from  3.7  to  3.5  in  1000. 
It  is  the  substance  used  in  soda  fountains  and  causes  the 
effervescence  in  wines  and  beers.  Commercially  it  is  pro- 
duced from  coke,  maguesite  and  other  substances,  or  may 
be  collected  from  the  fermenting  tubs  in  breweries. 
With  the  proper  apparatus  it  may  be  obtained  from  the 
air  or  even  from  the  flue  gases  of  a  boiler.  It  is  com- 
paratively cheap  and  due  to  its  neutral  action  toward  ma- 
terials and  food  products  it  is  largely  used  for  the  re- 
frigeration of  storage  rooms  in  hotels  and  restaurants. 
It  is  also  preferred  at  sea.  as  leakage  of  ammonia  vapor 
into  the  limited  volume  of  a  vessel  might  readily  pro- 
duce disagreeable  and  perhaps  fatal  results.  Air  con- 
taining up  to  8  per  cent,  of  carbonic-acid  gas  may  be  in- 
haled without  danger,  whereas  y^  per  cent,  of  ammonia 
may  prove  fatal.  The  gas  is  without  color  and  odorless, 
and  the  presence  of  a  leak  may  not  be  easily  detected,  nn- 
lesfl  peppermint  or  some  other  substance  with  a  strong 
odor  is  injected  in  the  refrigerating  system.  It  is  heavier 
than  air,  its  specific  gravity  being  1.539,  .so  that  it  will 
tend  to  drop  to  the  floor  of  the  engine  room  and  may  not 
reach  the  breathing  line. 

Under  atmo.<pheric  pressure  carbon  dioxide  will  boil 
at  a  temperature  of  124  deg.  F.  below  zero.  At  a  tem- 
perature of  96  deg.  it  requires  a  pressure  of  nearly  1100 
lb.  to  liquify  it,  at  30  deg.  a  pressure  of  approximately 
500  lb.  and  at  zero  a  pressure  close  to  300  lb.  Its  latent 
heat  at  zero  temperature  is  123  B.t.u.  as  compared  to 
570  for  ammonia.  In  other  words,  one  pound  of  the 
liquid  at  tlie  given  temperature,  in  changing  into  a  gas 
in  the  expansion  coils,  will  take  up  only  133  heat  unit.s 
from  the  surrounding  room  or  brine.  For  the  same  vol- 
ume, howe\er,  at  a  temperature  of  zero,  carbon  dioxide 
is  about  33  times  heavier  than  ammonia,  so  that  a  com- 
pressor to  give  the  same  refrigerating  effect  need  be  only 
one-seventh  as  large.  In  ordinary  practice  the  ratio  is 
usually  placed  at  1  to  6.  The  working  pressure  ranges 
from  50  to  70  atmospheres  (750  to  1050  lb.),  but  the 
bore  in  machines  of  moderate  capacity  is  so  small  that 
there  is  no  difficulty  in  obtaining  a  cylinder  and  fittings 
to  withstand  the  pressure. 

As  the  operation  is  identical  with  that  of  the  am- 
monia-compression system  there  will  be  no  need  of  an  il- 
lustration. Reference  may  be  made  to  the  previous  draw- 
ing, which  shows  a  compressor,  condenser,  expansion  valve 
and   expansion   coils.     These   are  the  essential   parts   of 


;i  coiiipressioii  system  using  carbon  dioxide.  The  draw- 
ing indicates  an  atmospheric  condenser  and  shows  the 
expansion  coils  located  in  a  brine  tank.  In  iiiodernly 
equipped  jtlants  double-pipe  counter-current  condensers 
are  usually  installed  and  also  double-pipe  brine  coolers. 
The  direct-expansion  system,  in  which  the  coils  are  lo- 
i  ated  directly  in  the  room  to  be  cooled,  may  be  used  with 
equal  facility  unless  the  storage  of  a  cold  supply  of  brine 
to  carry  the  plant  over  periods  of  nonoperation  is  de- 
sired. 

For  average  operating  conditions  carbon  dioxide  gives 
results  almost  as  efficient  as  ammonia.  As  the  tempera- 
ture of  the  cooling  water  increases,  its  efficiency  falls  off 
lajiidly.  and  with  water  near  90  deg.  is  considerably  lower 
than  for  amiii(}iiia  with   the  same  temperature  of  water. 

Winter  Work  in  a  Refrigerating  Plant 

By  Fded  OphCls 

In  the  Mar.  25  issue  of  Powek,  an  article*  appeared 
under  the  same  heading  in  which  some  of  the  various 
causes  which  give  rise  to  the  decrease  in  the  ice  output 
of  a  simple  can  ice-making  plant  are  given.  It  is  in- 
teresting to  give  some  actual  figures  which  can  be  obtained 
from  the  engineer's  log  therein  referred  to. 

Am :\ioxia  Coiipiii:ssoE 

A  great  deal  has  been  said  about  the  proper  way  to 
operate  an  ammonia  compressor  to  develop  its  greatest 
pumping  capacity.  The  engineer  had  heard  that  some  of 
the  ice-machine  manufacturers  advocated  operating  their 
ammonia  compressors  with  wet  ammonia  vapor.  The 
quality  of  the  vapor  entering  the  compressor  can  be  ap- 
proximately determined  by  the  discharge  temperature. 
That  is  to  say,  when  "the  compressor  is  operating  with  a 
15-lb.  suction  pressure  and  a  185-lb.  condenser  pressure, 
saturated  vapor,  carrying  no  liquor  with  it,  would  leave  a 
compressor,  with  some  little  clearance,  at  a  temperature 
of  about  250  deg.  F.  If  moisture  is  present  the  discharge 
temperature  is  decreased  and  can  be  decrea.sed  until  the 
boiling  point  of  the  liquid  ammonia  at  the  di.schargc 
pressure  is  nearly  reached.  The  wet-gas  compressors  are 
generally  operated  with  a  discharge  temperature  of  from 
l.jO  to  180  deg.  F.,  for  the  range  of  pressures  above  given. 

The  engineer  thought  it  wise  to  investigate  this  claim 
for  himself  and  operated  his  ice-making  system  for  a 
week  so  that  the  discharge  temperature  was  maintained 
at  between  150  and  180  deg.  F.  To  his  great  astonish- 
ment he  found  that  there  Tvas  a  marked  reduction  in  the 
output  of  the  plant  when  the  machine  was  operating  at 
the  speed  which  he  had  previously  found  to  give  the  best 


*tn  this  article  an  error  crept  into  a  sentence  at  about  the 
middle  ot  the  third  paragraph  of  the  first  column  on  pagi' 
422.  The  sentence  should  read:  "While  it  has  been  often  sug- 
gested to  collect  these  gases  in  a  separate  receiver  located 
over  the  condenser  and  connected  with  it.  this  method  is  not 
as  effective  as  blOTving  off  each  condenser  stand  separately 
when  practically  all  the  ammonia  has  been  pumped  back  into 
the  condenser  and  receiver."  The  four  words,  "the  other  stands; 
of."  should  have  been  omitted  as  they  imply  a  different  methoii 
of  procedure. 
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results.  The  iie  output  showeil  a  decrease  of  fully  V'o 
per  cent.  This  enormous  decrease  was  fouud  to  have 
been  caused  solely  by  a  decrease  iu  the  pumpiug  capacity 
of  the  ammonia  compressor  due  to  carrying  oyer  or  in- 
jecting liquid  ammonia  into  the  compressor. 

A  well  designed  ammonia  compressor  iu  good  c&udi- 
tion  will  draw  from  the  suction  pipe  75  cu.ft.  of  saturated 
ammonia  vapor  for  every  100  cu.ft.  of  piston  displace- 
ment. The  injection  of  liquid  ammonia  into  the  com- 
pressor had  reduced  the  amount  of  ammonia  vapor 
pumped  from  75  to  60  cu.ft.  per  100  cu.ft.  of  piston  dis- 
placement. 

While  theoretically  it  can  be  proved  that  the  presence 
(it  liquid  ammonia  in  an  atomized  form  throughout  the 
vapor  during  the  suction  period  should  result  in  an  in- 
crease of  the  pumping  capacity,  results  of  actual  tests 
have  shown  that  this  condition  of  operation  cannot  be 
reproduced  and  that  liquid  ammonia  if  carried  over  from 
the  ice-making  side  of  the  plant  or  injected  at  the  com- 
pressor enters  the  latter  in  bulk  and  lodges  against  the 
internal  heated  surfaces  of  the  compressor,  causing  an 
undue  reexpansion  on  the  return  stroke  of  the  piston  on 
account  of  the  rapid  transmission  of  heat  to  the  liquid 
from  the  metal  surfaces. 

For  compressors  with  small  clearance  it  is  sometimes 
necessary  to  carry  the  discharge  temperature  as  high  as 
from  275  to  290  deg.  F.  for  the  jjressure  range  above 
given.  The  operating  engineer  can  readily  determine  at 
what  discharge  temperature  his  ammonia  compressor  will 
operate  most  etficiently  if  he  takes  the  necessary  trouble 
to  maintain  conditions  nearly  constant  for  a  week  and 
by  varying  the  discharge  temperature  each  week  at 
least  25  deg.  F. 

It  is  difficult  to  give  in  figures  the  reduction  in  pump- 
ing capacity  of  an  ammonia  compressor  on  account  of 
the  leakage  of  the  valves,  valve-cage  joints  and  pistons. 
F(n-  very  large  leakage,  such  as  may  be  caused  by  the  stick- 
ing of  valves,  the  pumping  capacity  can  be  reduced  to 
imthing  and  the  only  way  to  contnil  this  cause  of  loss 
111  output  is  to  make  flic  provisions  at  the  compressor 
suggested  in  the  former  article. 

LCBKKATIXG  Oil. 

'i'lie  importance  of  having  proper  luliriiatiiig  oil  for  the 
amnioiiia  compressor  is  often  overlooked.  Very  few  oils 
are  really  suitable  for  this  part  of  the  machinery  and 
often,  on  account  of  chea])iiess  of  price,  an  oil  is  bought 
which  will  cost  the  j)urchaser  in  less  of  capacity,  many 
hundred  times  as  much  as  ho  saved  on  the  oil.  If  it  is 
taken  into  consideration  thai  for  a  discharge  temperature 
of,  say,  250  deg.  F.,  ami  a  vdlumetric  efficiency  of  75 
|"i'  cent,  the  actual  temperature  of  the  vapor  at  the  end 
1  I  c  (impression  may  be  as  higii  as  ;580  deg.  F.,  It  will  bo 
aiii)reciated  tiiat  the  (piality  of  the  oil  plays  an  important 
]iart  in  the  operation  of  the  compressor. 

The  suction  gas  entering  the  compressor  can  have  a 
tciii|ieratur(r  as  low  as  zero  for  a  suction  pres.sure  of  15 
III.  gage,  so  that  it  is  desirable  to  use  an  oil  which  has  a 
congealing  point  below  zero  and  a  flash  point  higher 
than  380  deg.  F.  Such  an  oil  is  difficult  if  not  impos- 
sil)le  to  obtain  and  if  any  compromise  has  to  be  made 
in  these  qualities  it  will  be  better  to  sacrifice  the  con- 
gealing point  rather  than  the  flash  point  where  the  oil 
is  used  for  lid)ricntiiig  the  compressor  only. 

When   ii    low   (lash   point   oil    is  uscil.  lhe  action   of  tin' 


heat  of  compression  on  the  thin  film  of  oil  covering 
the  internal  compressor  surfaces  will  cause  some  of  the 
oil  to  vaporize.  Part  of  the  vaporized  oil  is  discharged 
into  the  condenser,  another  part  remains  in  the  clearance 
of  the  compressor.  The  percentage  of  oil  vapor  in  the 
clearance  at  the  end  of  the  compression  stroke  is  prob- 
ably greater  than  is  generally  believed  and  as  soon  as 
the  piston  starts  on  the  return  stroke  this  vapor  will  give 
up  its  latent  heat  again  in  condensing  and,  therefore, 
maintain  a  high  temperature  until  the  suction  valves 
open.  In  this  way  the  percentage  of  reexpansion  is^  in- 
creased and  the  amount  of  vapor  that  can  be  drawn  into 
the  compressor  decreased.  That  some  of  the  lubricating 
oil  actually  vaporizes  in  most  ammonia-compression  sys- 
tems is  beyond  doubt,  as  ajiyone  knows  who  has  had  oc- 
casion to  operate  and  study  this  type  of  machinery. 

In  air-compressor  practice  proper  lubrication  has  been 
found  to  be  a  serious  question,  as  lubricating  oils  of  too 
low  a  flash  point  have  often  been  the  cause  of  explosions, 
an  explosive  mixture  being  formed  by  the  oil  vapor  and 
the  air.  For  this  reason  it  has  also  been  found  danger- 
ous to  compress  air  with  ammonia  compressors  that  have 
been  iu  service  for  some  time.  In  these  machines  all  the 
internal  surfaces  of  the  compressor  and  its  piping  are 
coated  with  a  thin  layer  of  a  low  flash-point  oil.  When 
air  is  compressed  from  atmospheric  pressure  to  about  200 
lb.  gage  for  testing  ammonia  coils  a  temperature  is 
reached  in  aiid  near  the  compressor  which  is  higher  than 
the  flash  iioint  of  the  oil  and  explosions  have  resulted 
from  this  cause.  Ammonia  compressors  should  never  be 
used  for  compressing  air  unless  they  and  their  pipe  con- 
nections have  been  thoroughly  cleaned  and  coated  with 
fresh  oil  of  a  sufliciently  high  flash  jioint. 

Ail.MONIA   COXDEXSEI! 

The  amount  of  steam  required  to  operate  a  refrigerat- 
ing system  not  only  varies  with  the  suction  pressure  but 
also  with  the  condenser  pressure.  The  higher  the  former 
and  the  lower  the  latter  the  less  steam  will  be  required. 
In  such  plants  where  there  is  more  than  sufficient  cool- 
ing and  condensing  water  available  the  question  comes 
up  as  to  what  quantity  of  water  showered  over  the  am- 
monia condensers  will  give  the  least  total  steam  con- 
.sumption  of  the  refrigerating  machine  and  the  water 
jniiii]).  The  minimum  ])oiiit  can  be  found  both  by  experi- 
jiient  and  calculation.  In  the  former  ca.se  it  is  only  nec- 
essary to  operate  the  plant  with  varying  quantities  of 
water  showered  over  the  aniiiKiuia  condenser  and  by  plot- 
ting the  results  so  obtained  lhe  iiiininunn  steam  consunip- 
tidii  can  lie  (letcrniined.  'flie  calculation  of  this  problem 
i'c(|uli('s  a  knowledge  of  the  lioi'.sc]i(iwer  necessary  to  op- 
erate the  refrigerating  machine  under  varying  suction 
ami  condensing  pressures,  the  steam  consumption  of  its 
engine  per  liorsei)ower-lu)ur,  the  variation  in  the  con- 
denser jjressure  and  liquid  ammonia  temjieratures  with 
the  quantity  of  water  used,  the  initial  temperature  of  the 
condensing  water,  the  total  head  against  which  the  water 
must  be  ]iuni]ied,  the  steam  consumption  of  the  water 
pump,  and  its  mechanical  and  volumetric  efficiencies. 
On  accoiiiii  of  the  great  variation  in  the  initial  tem]iera- 
lurc  of  the  ciimli'iising  water,  ilic  initial  steam  pressure 
and  lhe  type  of  the  engine  o])erating  the  refrigerating 
inarliinc,  these  calculations  must  be  made  for  each  in- 
(liviiliial     installatidii. 

l-'or  the  plant   frmn  wliirli  these  data  were  taken  il   was 
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The  effecl  of  the  improper  liaiuUiiig  of  the  expansion 
valves  is  dJffieult  to  express  in  terms  of  per  cent,  of  out- 
put as  this  cause  of  loss  in  capacity  varies  enormously. 
It  has  been  proved  that  by  installing  the  flooded  or  grav- 
ity-feed system  the  capacity  of  the  plant  in  some  eases 
can  be  increased  10  per  cent.;  everything  else,  such  a-s  the 
speed  of  the  machine,  condenser-water  pump,  etc.,  re- 
maining the  same.  This  figure  also  represents  the  saving 
that  could  have  been  effected  by  a  proper  manipulation  of 
the  expansion  valves  of  the  simple  .system  provided  the 
brine-cooling  coils  had  been  properly  proportioned  for  the 
work. 


found  that  with  70  deg.  F.  water  showered  over  the  am- 
monia condenser  using  a  duplex,  direct-acting  steam 
pump  working  against  a  total  head  of  150  ft.,  the  mini- 
mum combined  steam  consumption  of  the  refrigerating 
machine  and  water  pump  was  obtained  when  1.7  gal. 
of  water  i)er  minute  were  showered  over  the  ammonia 
condenser  per  actual  ton  of  refrigeration  produced.  The 
refrigerating  machine  was  operated  by  a  Corliss  steam 
engine  using  about  28  lb.  of  steam  ])er  indicated  horse- 
power-hour. 

The  log  data  also  showed  that  the  temperature  of  the 
liquid  ammonia  leaving  the  condenser  was  from  10  to  15 
deg.  higher  than  the  initial  temperature  of  the  condensing 
water  used.     By  installing  a  separate  liquid  cooler  this  *'* 

difference  was  reduced  to   5  deg.  with  a  corresponding  Compressor    OiagTamS 

saving  in  the  steam  consumption  of  the  refrigerating  ma- 
chine of  about  21/2  per  cent.  It  is  very  seldom  that  1  see  any  indicator  diagrams  from 
„                  ,,.                                                ammonia  compressors  in  Power.    Having  had  occasion  to 

DiSTILLKl)   WaTKK  ^    ,  J.  ^  J    ,,  1  ,    ._i      ^    .1  •    1  ..    -    i  i 

take  some  diagrams,  1  thought  tliat  they  might  interest 

There  are  a  great  many  ice-making  plants  in  operation  other  engineers. 
today  in  which  the  distilled  water  enters  the  ice-making  Figs.    1    and    3    were   taken    from    a    Ball    compressor 

cans  at  70  deg.  F.  and  higher.     If  one  remembers  that  equipped  with  the  old-style  suction  and  discharge  valves, 

this  water  must  first  be  cooled  to  32  deg.  F.  before  it  which  are  not  as  efficient  as  the  newer  style  of  valves 

will  freeze  and  that  due  to  its  construction  a  simple  can  placed  in  the  heads  of  the  compressor.     Tliis  machine  has 

ice-making  sy.stem  does  not  remove  heat  eflBciently,  it  will  ^  refrigerating  capacity  of  125  tons,  and  is  driven  l)y  a 

l)e  appreciated  that  not  only  au  increase  in  capacity  but  tandem-compound   Corliss  engine  cro.ss-counected.     The 

also  a  decrease  in  the  operating  expenses  can  be  secured  compressor  diagrams  were  taken  at  different  suction  and 

by   reducing   the  temperature   of  the   distilled   water   to  discharge  pressures  and  at  difl'erent  speeds,  58  and  48 

about  32  deg.  F.  before  it  enters  the  ice  cans.     For  ex-  r.p.m.     The  cylinder  was  21x48  in.,  and  the  piston  rod 

ample,  it  was  found  that  by  rediicing  the  distilled  water  41/^  in.  in  diameter.     Following  is  the  data  relating  to  the 

from  70  to  35  deg.  F.  in  a  .separate  distilled  water  cooler  diagrams: 
of  proper  construction,  the  capacity  of  the  freezing  tanks  ^.    ,  ^,  ^    ,  x,    „ 

'^       ^  '  mi   •       -I  ii  •    1  Card  Xo.  1  Card  No.  2 

was  mcrea.sed  15  per  cent.    Tins  does  not  mean  that  with  Head  pressure,  ib 155  135 

tlie   same   ammonia   compressor    15    per   cent,    more   ice  R'p'm".".'*.^^"'''''."';;.  si  H 

could  be  made,  but  that  if  an  additional  compressor  is  Spnng 120  120 

installed  or  else  the  existing  compressor  could  be  speeded  Figs.  3  and  4  were  taken  from  the  high-  and  low-pres- 


FiG.   1.    Compressor   Di.vgrams, 
Speed  58  R.p.^i. 


Fig.  2.    Compressok  DI.\(il!A^rs 
Speed  48  Ii.p.ii. 


up  sufficiently  the  freezing  tank  would,  give  15  per  cent,      sure  cylinder 
more  ice  without  an  expenditure  of  one  cent  in  its  equip-      lated  below, 
ment. 

Freezing  Tank 

About  48  hr.  are  required  to  freeze  a  300-lb.  block  of 
Ice  of  standard  dimensions.  In  the  plant  under  con- 
sideration it  was  found  that  in  certain  parts  of  the  tank 
the  cans  froze  more  rapidly  than  in  others.  On  closer 
investigation  it  was  determined  to  improve  the  circulation 
of  the  brine  and  also  raise  its  level  in  the  tank  about  1 
in.  The  result  was  a  gain  of  2  hr.  in  the  time  of  freez- 
ing, wldch  meant  an  increase  in  the  ice  output  of  the 
tank  of  5  ]^er  cent.,  and  a  decrease  in  the  total  cost  of 
manufacturing  the  ice  of  about  5c.  per  ton  solely  on  ac- 
count of  the  increase  in  capacity  for  the  same  initial  in- 
vestment. This  meant  for  a  100-ton  ice-making  plant 
making  24.000  tons  of  ice  per  year,  a  saving  of  $1200.  Chicago,  111. 


3.    Diagrams  from  High- 
Pressure  Cylinder 
OF  Engine 

of  the  engine.  The  o]icrating  data  are  tabu- 


FlG.  4.    LOW-PRESSURE 

Cylinder  Diagrams 


Steam  pressure,  lb 

Receiver  pressure,  lb 

V'acuum,  in 

R-P.m 

Diameter  low-pressure  cylinder 
Diamef«r  high-pressure  cyiinde 

Diameter  of  rod,  in 

Stroke,  in 


C.  E.  Anderson. 
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The  Coming  Engineer 

Do  you   realize   what   15,000   kilowatts   muan? 

With  an  overall  effioieucy  of  ninety  per  cent,  it  means 
nearly  33,000  indicated  horsepower. 

On  a  recent  visit  to  the  Westinghouse  shops  at  East 
Pittsburgh,  we  found  seventeen  units  of  this  capacity  un- 
der order.  There  were  also  units  of  20,000  and  22,500 
kilowatts  and  numerous  smaller  units  in  the  shop. 

What  does  this  mean? 

It  means  that  there  are  upward  of  500,000  indicated 
horsepower  of  reciprocating  engines  which  are  not  going 
to  be  built  nor  run. 

It  means  that  there  is  the  equivalent  of  upward  of  500,- 
000  indicated  horsepower  of  old-fashioned  stationary  en- 
gineers who  are  not  going  to  be  required  to  run  them. 

There  are  going  to  be  fewer  engineers,  but  they  are 
going  to  be  bigger,  better  engineers.  The  little  slip-shod 
plant  and  the  engineer  who  is  not  much  more  than  a 
janitor  is  going  to  be  displaced  by  these  big  etticient  units 
in  central  stations.  The  man  who  will  hold  his  job  will 
be  the  man  who  can  run  his  plant  cheaper  than  the  cen- 
tral station  can  sell  the  service,  and  who  is  able  to  show 
his  employer  that  he  can  do  so,  against  the  most  ag- 
gressive and  efficient  selling  organization  that  this  age 
of  progress  has  produced. 

Don't  be  old-fashioned  ;  don't  be  stationary.  Qualify 
yourselves  to  take  care  of  one  of  these  big  stations  or  at 
least  to  so  run  a  smaller  one  that  the  big  one  cannot 
wipe  it  out. 

The  Manufacturers'  Opportunity 

Professor.-^'  preponderate  as  authors  of  papers  presented 
before  engineering  and  similar  societies  and  compara- 
tively few  are  contributed  by  heads  of  manufacturing 
firms.  Attention  was  called  to  these  facts  by  Prof.  A.  K. 
Huntington  in  his  presidential  address  to  the  Institute 
of  Metals. 

Due  to  liu'ir  special  experience,  often  gained  by  hard 
toil  and  years  of  experiment,  manufacturers  siiould  be 
able  to  give  out  a  wealth  of  valuai)le  information,  aii<l 
yet  from  a  membership  of  numufacturers,  users  and 
scientific  men  in  the  relative  ]>roportions  of  thirty-seven, 
thirty-four  and  twenty-nine  per  cent.,  the  percentage  of 
papers  i)resented  was  nine,  fifteen  and  seventy-five.  In 
the  technical  press,  the  .same  proportions  woulil  not  hold, 
but  the  user  and  scientific  man  have  a  long  lead  over  the 
manufacturer. 

One  has  not  far  to  go  to  discover  the  rca.son  for  this 
disparity.  As  a  rule,  the  manufacturer  has  little  in- 
clination to  write.  Tlis  time  is  fully  occupied,  ami  even 
if  ho  had  llie  time  and  disposition,  he  is  adverse  to  giv- 
ing away  so  called  trade  secrets,  more  particidarly  if 
the  information  is  such  that  the  patent  office  offers  no 
protection.  These  at  least  are  the  doctrines  of  the  old 
.scliool.  The  nptodate  manufacturer  is  beginning  to 
lealizc  that  there  is  nothing  gained  by  secrecy.    What  he 


iuis  learned  as  a  specialist  ami  what  he  is  domg  arc  of 
interest  to  the  other  fellow  and  the  information  from 
others  in  the  same  line  is  of  value  to  him.  The  publica- 
tion of  this  material  with  the  ensuing  discussion  would 
add  materially  to  the  general  store  of  knowledge. 

Hiding  one's  light  under  a  bushel  never  resulted  in 
any  lasting  benefit  to  those  concerned.  It  is  a  narrow 
policy  which,  if  observed  by  all,  hinders  development  and 
curtails  business  possibilities.  To  be  recognized  as  the 
leading  authority  in  the  country  on  a  particular  subject 
is  worth  something  to  the  manufacturer,  and  to  turn 
over  to  the  user  his  information  on  the  subject  is  worth 
more.  A  mysterious  machine  or  device,  whose  operation 
and  construction  are  not  thoroughly  understood,  is  not 
the  machine  that  will  sell  and  continue  to  be  a  steady 
source  of  income  to  the  firm.  It  is  the  machine  that 
everybody  knows,  the  machine  that  any  user  can  operate 
and  one  whose  efficiency  lives  up  to  its  reputation,  which 
will  be  in  constant  demand. 

A  thorough  knowdedge  on  the  part  of  the  user  be- 
speaks confidence  and  the  individual  imparting  this  in- 
formation in  a  form  understandable  to  the  average  reader, 
incidentally  helps  himself.  He  classifies  his  own  ideas, 
crystallizes  them  into  more  definite  form  and  has  them 
available  at  his  ''finger  tips."  The  many  little  sidelights 
that  he  will  invariably  put  into  his  work  are  the  "fine 
adjustments,"  which  bring  his  product  to  a  focus  and 
dispel  the  haze  surrounding  an  unknown  device. 

A  realization  of  these  facts  on  the  part  of  the  manu- 
facturer should  result  in  some  real  information,  and  the 
more  the  better. 

Unsymmetrical  Boiler  Joints 

A  paper  read  before  the  New  South  Wales  Enginee.-- 
ing  As.soeiation,  an  al)stract  of  which  was  given  in  a  le 
cent  issue,  apparently  indicates  that  the  exact  shape  of 
the  joined  ends  of  the  i)late  has  a  marked  effect  on  the 
maximum  fiber  stresses  that  may  be  produced  along  the 
joined  surfaces;  and  especially  at  the  point  where  lap 
cracks  tend  to  form. 

It  is  well  known  that  relatively  few  of  the  total  nunibcr 
of  lap  joints  used  in  boilers  actually  produce  explosions 
by  cracking.  It  is  not  possible  to  know  how  many 
.'^eams  of  this  form  of  construction  have  started  a  crack 
or  been  on  the  verge  of  explosion  at  the  time  the  boil- 
ers, on  whidi  they  were  located,  were  abandoned.  How- 
ever, it  is  safe  to  assume  that  if  all  were  carefully  ex- 
amined, a  large  majority  would  be  found  perfectly  sound. 
With  tests  of  only  two  specimens,  as  given  in  the  paper 
referred  to,  ample  evidence  was  given  of  the  widely  vary- 
ing stresses  that  may  be  expected  in  this  form  of  con- 
struction by  changing  the  form  of  the  joined  ends  of  the 
]ilate.  Several  years  ago,  Powkh  contained  the  explana- 
tion of  a  theory  regarding  thiC  formation  of  cracks  in  the 
vicinity  of  boiler  seams.  This  theory  assumed  that  at 
some  more  or  less  well  defined  pressure  the  initial  spring 
in  the  |ilatc   (caused  bv  the  forcible  connection  bv  rivet- 
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ing  of  nxismated  ends  of  the  plate)   was  just  overcome. 

It  was  also  assumed  that  when  the  working  pressure 
happened  to  coincide  with  this  initial  pressure,  a  move- 
ment of  the  joint  might  be  caused  by  very  small  fluctua- 
tions in  the  pressure;  say,  such  as  might  be  produced  by 
the  intermittent  draft  of  steam  to  supply  a  reciprocating 
engine.  If  this  theory  is  correct,  it  would  seem  to  sup- 
ply all  the  required  flexibility  to  account  for  the  erratic 
nature  of  the  formation  exhibited  by  the  cracks  iu  most 
forms  of  boiler  joints.  It  would  be  interesting  to  as- 
certain by  using  fixed  mirrors,  as  described  in  the  paper 
referred  to,  if  joints  formed  with  mismatched  jjlates  do 
show  a  point  of  marked  minimum  resistance  to  deforma- 
tion when  the  vessel,  of  which  they  form  a  part,  is  sub- 
jected to  internal  pressure.  If  so,  the  frequent  applica- 
tion and  release  of  the  high  surface  tension  which  would 
be  produced  iu  such  joints'  and  which  would  likely  be 
confined  to  narrow  limits,  would  eliminate  quality  Of  ma- 
terial as  a  necessary  factor  in  the  formation  of  such 
cracks. 

It  is  interesting  that,  although  the  claim  has  often 
been  made  that  defective  material  is  the  true  explana- 
tion of  such  failures,  there  has  been  practically  no  direct 
evidence  that  this  is  a  fact.  In  two  cases  mentioned  in 
the  paper  to  which  we  have  referred,  tests  of  the  ma- 
terial which  cracked  showed  it  to  be  of  first-class  quality. 
Any  theory  regarding  the  formation  of  lap-joint  cracks, 
that  may  be  ajiplied  equally  as  well  to  all  joints  of  this 
type,  is  necessarily  wrong,  because  it  is  well  estaljlished 
that  these  cracks  do  not  form  in  all  lap  joints;  nor  has 
it  yet  been  shown  that  they  always  tend  to  form  in 
such  joints. 

Engineering  Accuracy 

If  any  one  th  ng  distinguishes  the  engineer  of  experi- 
ence from  one  whose  reputation  is  yet  to  be  made  it  is 
the  sense  of  proportion  in  regard  to  accuracy  which  comes 
with  practice  to  the  man  blessed  with  mental  perspective. 
To  know  what  is  good  enough  for  the  purpose  is  to  un- 
lock the  doors  into  many  chambers  of  material  reward 
and  to  avoid  the  waste  of  talents  and  energy  which  people 
with  little  imagination  usually  fritter  away  in  useless 
strivings  after  unnecessary  perfections.  Engineering  work 
and  the  tasks  of  the  research  laboratory  are  blood  rela- 
tions, but  in  the  former  nearly  always  the  question  of 
cost  is  the  controlling  factor  while  in  the  latter  it  is 
usually  great  precision.  It  is  the  old  story  of  the  differ- 
ence between  pure  and  applied  science,  and  if  the  condi- 
tions surrounding  the  engineer  are  largely  commercial 
in  these  days,  there  is  nothing  to  be  a.shanied  of  in  work- 
ing within  commercial  limits  of  the  truth.  Many  a  man 
takes  up  practical  engineering  work  in  one  field  or  an- 
other with  little  realization  of  the  value  of  seasoned 
judgment  in  determining  the  proper  limits  of  his  striv- 
ing after  accurate  results,  and  sometimes  he  remains 
miserable  for  years  because  the  equipment  at  his  com- 
mand lacks  the  precision  of  his  ideals. 

Some  tasks,  like  counting  barrels  of  oil,  barrows  of 
coal  used,  and  the  reading  and  recording  of  registering 
meters,  must' be  exact;  there  is  no  place  for  mistakes 
or  approximations  in  judgment.  Inexperienced  men  often 
fail  to  realize  the  great  importance  of  doing  this  kind 
of  work  right,  a  point  of  view  fostered,  it  must  be  ad- 
mitted, by  the  practice  many  schools  have  of  giving  high 


credit  for  the  selection  of  the  proper  method  of  solving 
problems,  regardless  of  the  accuracy  of  the  computations. 
But  in  innumerable  other  tasks  efforts  to  carry  ac- 
curacy beyond  the  commercial  limit  defeat  their  own  ends 
and  often  invite  ridicule  or  criticism  from  those  who 
know  the  real  value  and  limitations  of  the  methods  in 
hand.  Examples  of  such  are  stating  the  yearly  coal  con- 
sumption in  ten-thousandths  of  a  ton,  using  decimals 
in  putting  down  the  totals  of  millions  of  kilowatt-hours, 
measuring  engine  rooms  for  ordinary  data-sheet  purposes 
to  fractions  of  an  inch,  or  carrying  out  test  data  to  per- 
centages which  the  apparatus  making  the  measurements 
could  never  reach  with  reliability.  Often  these  may  be 
merely  the  result  of  thoughtlessness,  but  even  so,  they 
tend  to  show  that  the  man  responsible  for  them  has  not 
yet  become  a  master  of  his  occupation. 

Herein  are  found  the  great  value  of  regular  calibra- 
tion of  instruments  yielding  records  of  significance  from 
the  cost  viewpoint  and  the  usefulness  of  checking  figures 
and  conclusions  submitted  to  superiors  as  bases  for  future 
action.  To  err  may  be  human,  but  to  verify  voluntarily 
and  to  pitilessly  check  one's  own  figures  on  one's  own 
initiative,  marks  the  worker  into  a  class  above  the  or- 
dinary run  of  mankind,  training  him  for  the  responsibili- 
ties and  rewards  of  the  expert. 

What  shall  we  say  of  the  engineering  accuracy  of  a 
recent  report  to  a  state  commission  on  the  cost  of  elec- 
Iric-power  production  in  a  steam  plant  in  which  the 
quoted  daily  output  divided  by  the  stated  total  expense 
for  labor,  fuel  and  supplies  does  not  check  with  the 
tabulated  unit  cost?  The  author  took  pains  enough  in 
this  instance  to  list  the  number  and  daily  wages  of  every 
man  on  the  station  payroll,  but  failed  to  verify  the  ac- 
curacy of  the  deductions  from  the  data  given,  and  so 
the  part  of  the  report  dealing  with  the  particular  plant 
in  question  was  heavily  discounted.  Whether  an  engi- 
jieers  owns  a  slide-rule  or  not,  there  is  no  question  that 
proper  accuracy  in  the  great  majority  of  cases  calls  for 
at  least  rough  computations  that  check  the  values  upon 
which  attention  is  to  be  focussed,  and  iu  important  mat- 
ters the  emission  to  do  this  throughout  the  entire  task 
puts  the  reputation  of  the  man  in  ipotiardy. 

Xo  study  can  be  more  profitable  than  the  limitations 
of  accuracy  of  the  tools  with  which  one  is  provided;  the 
man  who  knows  what  he  can  count  upon  and  what  he 
cannot  determine  with  the  facilities  in  hand  not  only 
is  prepared  to  meet  every  demand  upon  his  resources  in- 
telligently, but  demonstrates  to  discerning  superiors,  by 
his  very  knowledge  of  his  limitations,  his  fundamental 
reliability  and  practiced  judgment. 

In  the  death  of  Prof.  Victor  Dwelshauvers-Dery,  of 
which  more  extended  notice  will  be  found  on  page  584 
the  American  Society  of  Mechanical  Engineers  loses  its 
fifth  honorary  member  within  two  months. 

The  other  losses,  which  all  occurred  in  February,  are 
Carl  Gustaf  Patrik  deLaval,  John  Fritz,  Sir  William 
Arrol  and  Sir  William  Henry  White.  Professor  Dwel- 
shauvers-Dery was  the  first  upon  whom  the  degree  of 
honorary  membership  was  conferred.  He  was  an  oc- 
casional contributor  to  the  columns  of  Power,  his  latest 
writings  being  discussions  of  the  Clayton  method  of  an- 
alysis for  indicator  diagrams,  and  of  the  Duchesne  ex- 
periments upon  the  physical  properties  of  superheated 
steam. 
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Repair  of  Large  Flange 

In  the  brewery  plant  of  S.  Liebniann  &  Sons,  Brook- 
lyn, N.  y.,  the  chief  engineer  has  to  look  after  the  ma- 
chinery of  tlie  power  plant  and  in  addition  all  mechanical 
apparatus  in  the  brewery. 

Recently  an  interesting  repair  was  made  on  the  flange 
of  a  large  copper  brew  kettle,  20  ft.  high  and  18  ft.  in 
diameter.  Although  this  apparatus  does  not  belong  to 
the  power-plant  equipment,  the  same  method  might  be 
used  in  the  repair  of  any  large  flange,  where,  as  in  this 
case,  it  would  have  required  a  great  deal  of  time  and  ex- 
pense to  take  the  apparatus  apart. 

Fig.  1  shows  the  steam  blowing  out  between  the  flange 
faces,  and  Fig.  2  is  a  view  of  the  same  flange  after  the 
repair  had  been  made,  the  crosses  showing  the  limits  of 
the  defective  part  of  the  joint.  The  repair  was  made  by 
taking  out  one  bolt  at  a  time  near  a  leak  and  inserting 


Fa;.  1.    \n.\v  m    Li;aky  Flaxci: 

into  the  bolt-hole  the  force  pump  shown  in  Fig.  3.  The 
outlet  of  the  pump  appears  at  the  center  of  the  threaded 
portion.  The  pump  forced  a  mi.xture  of  Smooth-On  No. 
3  into  the  leak  around  the  bolt-holes  and  when  as  much 
as  i)ossible  had  been  pumped  through  one  bolt-hole,  the 
piiiiip  was  removed,  the  bolt  replaced  and  the  same  op- 
eration was  performed  at  the  next  bolt.  This  was  con- 
tinued until  all  the  leaks  had  been  stopped. 

While  the  pumping  was  going  on,  steam  pressure  was 
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maintained  in  the  kettle  so  that  the  pump  would  not 
force  the  cement  through  the  flange  and  in  order  that 
tbi'  beat  from  th(>  steam  might  drive  out  the  vohifile 
matter  and  harden  (lie  cement  quickly.  The  steam  was, 
of  rourse,  turned  off  while  the  pump  was  being  taken  oiit 
and  the  holts  replaced   in   each  case. 


In  a  few  instances,  Xo.  1  cement  was  mixed  with 
water  containing  a  little  plastic  cement  No.  3,  and  the 
mixture  was  calked  into  the  leak  from  the  outside.  The 
kettle  was  allowed  to  remain  out  of  commission  for  four 


Fig. 


PuJip  Used  to  Ixject  Cement 


days  with  a  little  steam  turned  on,  and  at  the  end  of  that 
time  was  put  into  operation.  No  further  trouble  has 
been  experienced  from  leakage. 

Paul  Silke. 
Brooklyn,    X.   Y. 

Piping    Mine-Pump   Air    Exhaust 

Kecently,  in  a  mine  where  I  was  employed  as  ma- 
chinist, considerable  trouljle  was  experienced  with  the 
exhaust  of  a  pump  freezing,  on  the  400-ft.  level,  com- 
pressed air  being  used.  The  pump  would  run  for  a  while 
;ind  then  ice  would  begin  to  form  in  the  exhaust  pass- 
ages until  they  were  choked,  and  a  man  had  to  keep 
poking  the  ice  out  with  a  rod  to  keep  the  pump  running. 

It  was  not  practicable  to  reheat  the  air,  so  we  resorted 
1o  other  means.  One  of  the  coni])ressor  men  suggested 
turning  the  exhaust  into  the  water-discharge  pipe,  having 
seen  the  idea  tried  in  several  places.  TUv  12  and  (^  liy 
13-in.  pump  worked  against  a  400-ft.  head  and  the  nir 
pressure  carried  was  ^.^  lb. 

The  exhaust  was  piped,  a':  siiown  in  the  illustration,  to 
a  receiver,  made  of  a  piece  of  8-in.  l)ipe,  about  4  ft.  long. 
The  exhaust  i)ip'  was  21/^  in.  in  diameter  with  a  valve  .1, 
so  tliat  the  p-ini))  ^  "d  exhaust  into  tlie  open.  Tiie  outlet 
of  the  receiver  was  reduced  to  IV^  in.  to  cause  a  steady 
flow  of  air  into  the  water-discharge  pipe,  and  was  con- 
nected to  the  bottom  of  the  discharge  ]>'\]H-  with  a  clieck 
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valvL"  between  to  prevent  water  flowing  back  into  the  re- 
ceiver. 

When  starting  up,  the  exhaust  pipe  was  drained  and  the 
pump  allowed  to  exhaust  into  the  open  through  the  valve 
A  until  water  was  discharged  through  the  pipe  B  from 
the  pump.  Then  the  valve  was  closed  and  the  exhaust 
forcetl  into  the  discharge-water  pipe  through  the  receiver 
and  check  valve,  the  water  and  air  discharging  to  the 
surface.  This  arrangement  overcame  the  trouble  and  the 
pump  worked  with  no  attention  whatever. 

0 


I'lilP    KXIIAUST    Pll'KIl    TO    THK    DiSCHAKGK    I'll'i; 

Could  not  this  method  also  be  applied  to  a  pump  to-be 
worked  under  a  greater  head  than  that  for  which  it  was 
designed?  For  example,  could  a  pump  designed  to  work 
against  a  200-ft.  head  not  be  made  to  work  against  a 
400-ft.  head  in  this  way? 

Waltkk  L.  HorsTox. 

lu'i)ublic.  I'tah. 

Home-Made  Central  Lubricator 

To  save  the  w^aste  of  time  and  oil  incidental  t^>  the  op- 
eration of  small  lubricators  on  the  auxiliaries  of  a  steam- 
turbine  plant,  the  central  lubricator  shown  in  the  illustra- 


OlI.  IIeSERVOIR   f'OXXECTED  TO   LUBKIt'ATOK 


tion  was  nutde  and  connected  to  the  snudl  lubricators 
already  in  service.  This  system,  which  has  nine  small 
lubricators  connected  to  the  central  one,  has  been  in  use 
over  four  years  and  given  entire  satisfaction. 

The  central  lubricator  is  made  of  steam  i^ipe,  blank 
flanged  at  the  ends  and  tapped  for  the  connections  shown. 
The  cock  A  is  used  as  a  vent  when  tilling  the  tank  with 
oil,  which  is  accomplished  with  the  aid  of  a  funnel  in 
the  valve  B.  Valve  C  is  a  drain  or  blowotf,  and  J)  is  the 
steam  connection.     Valve  E  is  the  oil-main  connection. 

By  closing  valve  G  and  opening  H  the  small  lubricator 
can  be  used  independent  of  the  central  one.  Where  sin- 
gle-connection lubricators  are  to  be  connected  into  such 
a  system,  a  steam  bend  is  slipped  out  of  the  nut  at 
its  lower  end  and  straightened  to  form,  with  its  specially 
built  condenser  union,  part  of  the  oil  line ;  the  opening 
m  the  nut  is  stopped  with  gaskets. 

To  fill  the  central  lubricator,  the  valve  E  is  closed,  then 
I)  and  C  are  opened,  then  .4  and  B.  After  the  water  has 
drained  out,  C  is  closed  and  the  lubricator  is  filled  through 
B.  When  full,  .4  and  B  are  closed,  and  then  gradually 
the  boiler  pressure  is  applied  through  D.  Finally  the 
lubricator  is  put  in  service  by  opening  the  valve  E. 
Wilfred  E.  Bertkand. 

Philadel])hia,  Penn. 

Springfield  Escapes  the  Floods 

The  prc^s  reports  have  indicated  in  some  instances  that 
Springfield  was  wiped  off  the  map  by  the  recent  flood, 
and  in  other  cases  the  reports  said  the  city  was  greatly 
damaged  and  the  manufacturers  put  out  of  business.  This 
is  not  at  all  the  case,  as  none  of  the  manufacturers  here 
were  injured  by  the  flood,  the  only  damage  done  being  to 
a  few  inferior  dwellings,  and  there  was  no  loss  of  life. 
The  statements  sent  out  have  been  corrected  by  the  press, 
Init  it  is  doubtful  whether  these  small  items  will  be  read 
by  one-tenth  of  the  people  who  read  the  former  state- 
ments. We  are  receiving  many  letters  of  sympathy  which 
would  indicate  that  the  exaggerated  reports  were  largely 
circulated  and  read,  and  as  Power  goes  directly  to  a 
large  number  of  our  customers  we  would  be  pleased  to 
have  you  make  known  the  facts  in  regard  to  this  city. 

We  have,  of  course,  suft'ered  from  lack  of  railway  facili- 
ties, owing  to  numerous  bridges  being  washed  away,  and 
this  city  has  contributed  thousands  of  dollars,  and  hun- 
dreds of  our  citizens  have  spent  the  last  two  weeks  as- 
sisting Dayton  and  other  sister  cities.  All  of  our  fac- 
tories are  running,  and  the  city  is  in  a  prosperous  condi- 
tion. As  a  matter  of  fact,  we  are  advertising  for  more 
skilled  labor  to  take  care  of  the  business  the  manufac- 
turers now  have  on  hand. 

The  Lagonda  Manufacturing  Co.  and  ourselves  will, 
no  doubt,  be  injured  by  the  misleading  reports  which 
have  been  sent  out,  and  if  you  can  do  anything  to  cor- 
rect the  impression  which  seems  to  prevail  it  will  \k 
highly  appreciated. 

JOHX    J.    HOPPES, 

The  Hoppes  Mfg.  Co. 

Springfield,  Ohio. 

[As  the  most  authoritative  means  of  correcting  the  er- 
roneous impression  existing  regarding  Springfield,  we  are 
glad  to  print  this  letter  from  a  responsible  ]ierson  at  the 
scene. — Editor.] 
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Factor  of  Evaporation 

lu  the  i8.sue  of  The  -Jounial  of  the  American  Soeiety 
of  Mechanical  Engineers  for  November,  1!I12,  the  com- 
mittee on  power  tests  submitted  a  preliminary  report  and 
requested  the  members  to  discuss  and  criticize  the  recom- 
mendations fully. 

Among  other  items  which  the  writer  wishes  to  discuss 
is  the  factor  of  evaporation.  Messrs.  A.  A.  Potter  and 
A.  L.  Westcott  have  already  presented  their  views 
through  the  medium  of  Power,  and  this  article  is  in- 
tended as  a  reply  to  Mr.  Westcott's  discussion  and  in 
support  of  Mr.  Potter's  views.  A  copy  of  this  paper  has 
been  sent  lo  Dr.  George  H.  Barrus,  vice-chairman  of  the 
committee.  Other  discussions  of  the  preliminary  report 
will  be  sent  to  Dr.  Barrus  only. 

One  of  the  principal  objects  of  a  boiler  test  is  to  ile- 
termine  the  ratio  of  the  heat  absorbed  bv  the  water  to 
the  heat  supplied  by  the  furnace. 

The  heat  absorbed  may  be  expressed  in  British  ther- 
mal units,  or  in  equivalent  evaporation,  the  unit  of  which 
is  970.4  B.t.u.  The  heat  supplied  may  be  expressed  in 
British  thermal  units  or  in  pouni/s  of  a  given  kind  of 
fuel. 

The  results  will  be  unintelligible,  or  at  least  indefinite, 
until  both  the  Jieat  absorbed  and  that  supplied  are  ex- 
pressed in  the  same  units.  If  expressed  in  different 
units,  the  relation  between  them  must  be  definitely 
known.  No  confusion  seems  to  arise  when  the  perform- 
ance of  a  boiler  is  expressed  in  pounds  of  dry  steam  per 
pound  of  (oal,  but  it  will  at  once  appear  that  a  result 
so  expressed  is  very  indefinite.  The  mind  used  to  deal- 
ing with  such  quantities  will  grasp  an  approximate  idea 
of  the  efficiency  of  the  boiler;  but  nothing  will  be  posi- 
tively known,  since  the  heat  absorbed  will  depend  upon 
the  absolute  boiler  pressure  and  the  feed-water  tempera- 
ture, while  the  heat  supplied  will  depend  upon  the 
calorific  value  of  the  coal. 

To  say  that  the  evaporation  is  111  lb.  of  steam  from 
and  at  212  deg.  F.  per  pound  of  coal  is  more  definite, 
but  .still  does  not  convey  an  exact  idea.  An  equivalent 
evaporation  of  10  lb.  per  lb.  of  coal  whose  heat  value 
is  1  !,500  B.t.u.  per  It),  expresses  the  boiler  performance 
definitely.  If  it  were  not  for  the  fact  that  the  trade  or 
conimercial  units,  dri/  steam,  etpiivalent  evaporati/jnt 
pnuud  of  coal  (or  fuel),  are  so  firndy  rooted  in  the  minds 
of  most  engineers,  the  writer  would  recommend  that  the 
prrforuianre  of  a  boiler  be  expressed  only  as  a  percent- 
;iL'f.  To  say  that  a  boiler  transmits  to  the  water  75  per 
"■nt.  of  the  heat  supjdied  to  it  is  a  definite  statement  and 
one  that  is  ea.sily  comprehended  by  even  a  mind  not 
technically  trained,  while  the  statement  that  the  equivn- 
Iriil  cvajjoration  is  10  lb.  per  lb.  of  cumI  is  surrouiidcil  by 
something  of  a  mystery  to  the  lay  mind. 

Mr.  Potter's  ideas  as  to  the  meaning  and  u.se  of  the 
factor  of  evaporation  are  correct.  If.  as  Mr.  We.stcott 
contends.   I  be   heal   of  the  liqiiiil.   ■,d)ove   the   temperature 


of  feed  water,  of  the  iinevaporaled  water  or  moisture, 
should  be  disregarded  in  determining  the  equivalent 
evaporation,  why  should  not  the  heat  of  the  liquid  for 
the  evaporated  water  or  steam  also  be  disregarded.  Does 
he  claim  that  it  would  be  economical  to  separate  the 
moisture  from  an  engine's  exhau.st  before  utilizing  the 
steam  in  a  low-pressure  turbine?  Does  he  not  realize 
that  1  lb.  of  hot  water  at  a  pressure  of  150  lb.  abs.,  and 
temperature  of  358.5  deg.  F.  will  develop  36,150  ft.-lb. 
of  work  in  an  ideal  turbine  or  engine  operating  on  the 
C'lausius  cycle  with  a  back  pressure  of  1  lb.  abs.?  He 
will  surely  agree  that  it  would  at  least  be  economical  to 
return  the  entrapped  moisture  to  the  boilers.  While  it  is 
true  that  by  disregarding  2  per  cent,  moisture  at  150 
lb.  pressure  an  error  of  only  about  %  per  cent,  will  exist 
in  final  results,  why  neglect  it  at  all,  however  small  its 
amount,  when  '"icluding  it  will  entail  no  additional 
trouble  or  computation  ? 

The  writer  cannot  recall  ever  liaviiig  made  use  of  the 
term  "factor  of  evaporation,"  preferring  to  define  equiva- 
lent evaporation  as  the  amount  of  steam  which  would  be 
formed  from  and  at  212  deg.  F.  l)y  the  heat  actualtij 
absorbed  bv  the  lioilcr  jht  iiouiul  of  kjuI  fired. 
Thus,   if 

li  =  Total   heat  of  the  steam,  whether  wet,   dry  or 

superheated : 
/;  =  Heat   of  the  liquid  corres|)oii(liiig  in   the  tem- 
perature of  feed ; 
La  =  Latent  heat  of  evaporalinn    for  ti'ni|icrature  of 

212  deg.  F.: 
ir  =  Weight    of    water    aiii)arciiily    rvajjorated    per 

pound  of  coal ; 
quivaleut  evaporation  will  be 

.H  ~h 


th 


W, 


W 


La 


The  writer,  therefore,  recommends  that  paragra]ih  (b), 
section  14.  of  the  boiler  code,  be  stricken  out,  and  that 
l>aragraph   (d)   be  made  to  read  somewhat  as  follows: 

(d)  Equivalent  Evaporation.  The  equivalent  evaporation 
from  ami  at  212  rlefr.   F.   i.s  obtained  fi-om   tin 


rxpi- 


W  = 


H 


970  4 
in    which 

\V  =  .-Apparent    evaporation    per  pound    of  fuel; 

H  —  Total    heat    of   steam    above    32    deg.    P.    whether    wet. 

dry   or   superheated: 
h  =  Heat    of  the   liquid  corresponding   to   the   temperature 
of  feedwater. 
Ilnles.s    otherwise    provided,    a    conililiud    lioiler-    and    .suprr- 
lieater   should   be   treated    as    one    unit. 


If    it    bo   deemed    advisable    to    retain    tin 
steam"  or  "equivalent  dry  steam,"  i)aragrapli 


tci-iii    "dry 
(b).  section 


1  I.  shduld   be 


lilird  and  made  to  I'cad  : 


(ii)     <■ 


■rietions  for  Moisture  in  or  Superheat  of  .Steam. 
of  correction,  by  which  the  apparent  evaporation 
litiplied   to   get   "equivalent   dry   steam"   is 


T..lal    lieat   of   the 
Total    heat   of  dr> 


steam,  wet.   dr.v  or  su|)erheated; 
and   saturated    steam; 
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Heat    of   the   liquid    corresponding 
perature. 


to    feedwater    tem- 


Finally,  if  the  "factor  of  evaporation"  is  to  remain,  its 
definition  sliould  involve  the  condition  of  the  steam  and 
be  expressed   as  follows: 

The  ''factor  of  evaporation"  is  the  ratio  of  the  total 
heat  of  the  steam,  wet,  dr\'  or  superheated,  minus  the 
heat  of  the  liquid  corresponding  to  the  temperature  of 
the  feed  water,  to  970.4.  And  hooks  containing  '"useful 
tables"  should  omit  the  table  of  "factors  of  evaporation." 
John  S.  A.  Johx.sox, 

Blacksburg.  A'a. 


Collapse  of  a  14-Ft.   Flume 

The  article  on  the  ""Collapse  of  Fourteen-foot  Flume," 
in  Power  for  Mar.  18,  is  of  much  interest.  The  theory 
that  the  fiume  pollapsed  due  to  unbalanced  air  pressure 
is  not  entirely  satisfying.  The  writer  believes  that  the 
flume  collapsed  due  to  the  weight  of  the  water  alone  and 
did  not  necessarily  have  any  help  from  unbalanced  air 
pressure.  A  mathematical  study  of  the  forces  acting  in 
a  penstock  as  it  fills  with  water  shows  that  there  would 
be  a  large  resultant  force  tending  to  flatten  the  pipe.  The 
mathematics  establishing  these  forces  are  rather  compli- 
cated and  have  been  omitted.  It  is  sufficient  to  say  that 
the  resultant  force  would  be  of  such  magnitude  as  to 
easily  cause  the  collapse  of  a  flume  of  such  large  diam- 
eter. Before  full  pressure  has  been  applied  to  a  fire  hose 
the  weight  of  the  water  will  cause  it  to  assume  an  el- 
liptical shape,  and  it  is  this  same  action  which  caused 
the  collapse  of  the  flume  in  question. 

A  filling  of  earth  to  the  horizontal  diameter  would  have 
tended  to  prevent  the  trouble.  The  earth  would  have 
supported  the  weight  of  the  water  and  balanced  the  forces 
set  up  from  this  cause.  In  the  case  of  unbalanced  air 
pressure  there  would  be  two  effects,  that  due  to  the  air 
pressure  and  the  one  discussed  above.  Both  act  in  any 
case,  and  which  predominates  depends  on  the  diameter 
of  the  pipe  and  kind  of  foundation  provided. 

'SI.  W.  Plllex. 

Baltimore,   Md. 


Cast-iron   Pulley  Failures 

The  article  in  Power,  Dec.  10,  1912,  page  848,  on  the 
results  of  the  testing  of  different  types  of  pulleys  to  de- 
struction, interested  me,  as  it  confirmed  my  observations 
in  actual  practice. 

Where  I  am  now  we  have  eighteen  84xl2-in.  cast-iron 
split  pulleys  on  one  shaft.  They  are  of  the  standard 
type,  held  together  by  clamp  bolts  in  the  hub  and  smaller 
rim  bolts  through  lugs  at  the  rim  joints,  and  run  at  a 
rim  speed  of  5937  ft.  per  min. 

During  the  seven  years  this  shaft  has  been  in  opera- 
tion nine,  or  one-half  the  whole  number  of  pulleys,  have 
failed  in  the  same  ways  mentioned  in  the  former  arti- 
cle. The  first  one  to  fail  gave  away  at  the  rim  bolts,  each 
section  containing  the  lugs  and  bolts  breaking  out  at  a, 
leaving  the  rest  of  the  pulley  intact  on  the  shaft.  Xot 
long  after,  two  others  gave  way  in  the  same  place,  and 
then  the  rest  were  strengthened  by  reinforcing  rods  b, 
extending  from  the  hub  to  the  rim  and  tightened  by  turn 
buckles.     The  next  ones  to  fail  were  those  which  con- 


tained the  lieavy  l)alancing  weights,  as  at  c.  By  this  time 
the  rods  on  some  of  the  others  were  loose  and  those  pul- 
leys began  to  give  way  at  the  joints  again.  Some  would 
only  lose  one  section  of  rim ;  others  two  sections  on  op- 
posite sides,  but  each  time  either  the  rim  joints  or  bal- 
ance weights  were  responsible  for  the  failure. 

One  interesting  point  was  that  in  several  of  the  failures 


Whi:i!1-:  Pullkys  Failed 

the  10-in.  doui)le  belt  which  ran  on  the  pulleys  was 
not  injured  or  displaced,  although  it  is  difficult  to  see 
just  how  the  section  of  rim  could  get  out  without  tear- 
ing the  belt. 

We  have  come  to  the  conclusion  that  this  type  of  pul- 
ley is  not  to  be  relied  upon  at  that  speed,  and  have  re- 
placed those  that  gave  out  with  pressed-steel  pulleys 
which  have  proved  \ery  satisfactory. 

F.   P.  Read. 

Meniiiliis,  Teiin. 

Putting  in  New  Corliss  Valve  Stems 

In  answer  to  the  inquiry  Ijy  H.  W.  Lee,  in  the  Jan. 
28  issue,  regarding  putting  new  stems  in  his  Corliss 
valves,  if  the  present  adjustment  of  the  valves  is  satis- 
factory, he  need  only  take  the  old  stems  out,  place  the 
new  ones  in  the  same  position  as  the  old  ones  were  and 
mark  them  for  the  keyways. 

I  have  put  in  a  good  many  new  stems  and  the  way  I 
go  about  it  is  this: 

I  remove  the  back  bonnets,  and  after  placing  the  wrist- 
plate  on  the  center,  fasten  it  there  and  gage  the  distance 
between  the  marks  at  the  end  of  the  valves  which  show 
the  old  adjustment,  then  take  out  the  valves  and  old 
stems.  The  new  stems  are  then  jjut  in  and  each  valve 
set  in  the  same  place  as  before,  the  cranks  are  slipped  on 
the  new  stems,  everything  connected  up,  and  the  keyways 
marked  off  from  the  keyseats  in  the  crank  hubs. 

If  anything  has  been  disturbed  in  taking  out  the  old 
stems,  as,  for  instance,  the  length  of  the  valve  rods, 
ever\i:hing  must  be  ])ut  back  in  its  original  position  be- 
fore marking  the  new  stems. 

It  is  quite  common  for  valve  stems  to  become  slightly 
twisted  from  use  and  then  the  valve  rods  may  have  been 
adjusted  to  compensate  for  the  distortion.  It  is,  there- 
fore, better,  when  putting  in  new  stems,  to  look  the  valve- 
gear  over  and  see  that  the  valve  rods  have  not  been 
lengthened  or  shortened  too  much,  and  if  they  have  l)een 
changed  they  should  be  adjusted  to  their  proper  lengths 
before  the  keyways  are  nutrked  in  the  new  stems. 

F.   F.   COWDEN. 

New  Bedford,  Conn. 
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Effect  of  DecrpaslnR-  Eccentric  Diameter — How  would  the 
valve  travel  be  affected  if   »4   in.  was  turned  oft  the  eccentric? 

J.    H.    L. 

Turning  %  in.  off  the  eccentric  would  not  affect  the  throw 
of  the  eccentric,  but  the  eccentric  rod  would  have  to  be 
lengthened    that    amount. 


lluniiied  Buek-Pre«»ure  Line — If  the  back-pressure  line 
fMi  a  hiffh-pressure  card  from  a  cross-compound  engine  was 
much    higher   in    the    center,    what    would    it   mean? 

A.    L.    M. 

It  would  mean  that  the  I'eceiver  was  too  small  ov  the  ex- 
haust   ports    were    not    opened    wide    enough. 

Detecting  Licnkins  Condenser — When  using  sea  water  for 
condensing  steam,  how  can  it  be  told  if  the  surface  condenser 
is   leaking? 

W.  E.  W. 

If  silver  nitrate  is  dropped  into  some  water  of  condensa- 
tion  taken    from    the    hot   well,    the   water   will   turn   white. 


Boiler-Worlting  Pressure — If  a  water-leg  boiler  has  stay- 
I'Olts  pitched  4,  5  and  8  in.  apart,  which  pitch  would  be  used 
in  calculating  the  safe  working  pressure? 

J.   U.    P. 

A  boiler  is  no  stronger  than  its  weakest  part  and  the 
weakest  place,  as  far  as  the  staying  is  concerned,  is  where 
the   stays   are   pitched   S    in.   apart. 


doe 


a    ton    of 


Volume    ol   Ton    of   Coal — How    much    spa 
coal    fill? 

T.    O.    M. 

A  cubic  foot  of  bltuniiaous  coal  weighs  50  to  55  lb.  There- 
fore, 41  to  45  cu.ft.  of  space  is  needed  to  stow  away  a  ton  of 
2240  lb.  Anthracite  coal  weighs  55  t  60  lb.  per  cu.ft.,  re- 
quiring 34   to   41   cu.ft.  per  ton     f  2240  lb. 


LealiN  Sliown  by  Indicator  Cards — How  does  an  indicator 
diagram  show  that  the  valve  or  piston  is  leaking? 

G.   U.   Y. 

The  expansion  line  will  hold  up  too  high  if  the  steam 
valves  leak  and  if  either  the  exhau.,t  valve  leaks,  or  th.;  pis- 
ton leaks,  the  top  of  the  compression  curve  will  show  a  down- 
ward   drop    Just    previous    to    admission    or    lead. 


Added  Steam  Valve  Lap — If  more  lap  is  added  to  the  steam 
valves  of  a  Corliss  engine  what  else  is  necessary  and  how 
are   the  other   parts   affected? 

C.   E.   D. 

If  lap  is  added  on  any  engine  the  eccentric  must  be  ad- 
vanced and  this  will  hasten  closure  of  the  exhaust  valves 
and    decrease    the    range    of    cutoff    of    the    engine. 

Compound-Entrlnc  Horsepower — How  is  the  horsepower  of 
a  compound   engine   figured? 

W.  A.   n. 

Add  the  products  of  the  area  of  the  high-pressure  piston 
by  its  mean  effective  pressure  and  the  area  of  the  low-pres- 
sure piston  by  Its  mean  effective  pressure.  Multiply  this  s\ini 
by  the  piston   speed  in  feet  per  minute  and   divide   by   33.000. 


Feed  Pump  <npaclt.v — If  you  had  a  feed  pump  with  4 -in. 
water  end  and  desired  one  with  twice  the  capacity  at  the 
same   piston   speed,   what    size   would    you    order? 

G.    P.   E. 

The  area  of  a  4  In,  plunger  Is  12.56  sq.In.  Twice  this  area 
Is  25  12  aq.ln.,  which  is  the  area  of  a  circle  very  closely  5% 
In.  In  diameter.  This  would  therefore  be  the  proper  size 
pump. 


I, Ink-Motion  Kneines — Some  engines  -with  link  muilDii  will 
run  when  the  link  Is  In  mid  gear  while  others  will  not.  Why 
Is    this? 

G.  L.  O. 

Because  the  link  is  of  the  npen-rod  style  which  Increases 
the  lead  aa  It  Is  linked  up  from  the  full  gear  to  mid  gear,  or 
In  -h  rt  cutoffs,  consequently  it  will  run  on  Its  lead  with 
light  load  In  mid  gear,  while  with  cr  ssed  rods  the  lead  de- 
cre;.se3  a.i  the  link  block  Is  moved  from  full  to  mid  gear  and 
Ihlfl   type    will   not   run    the   engine. 


Compound  Eneiue  Ratio  of  Expansion — If  a  high-pressure 
cylinder  with  cutoff  at  0.2  stroke  is  one-fourth  as  large  in 
area  as  the  low-pressure  cylinder,  what  will  be  the  total 
ratio  of  expansion  in  the  high-  and  low-pressure  cylinders 
combined? 


M. 


R. 


If  the  high-pressure  cylinder  cuts  oflf  at  0.2  stroke,  the 
ratio  of  expansion  will  be  5  in  that  cylinder,  and  since  the  vol- 
umes of  the  cylinders  are  as  4  to  1  the  total  ratio  of  expan- 
sion   for   the   engine   will    be   4    X    5    =    20. 


Hot  Studs  on  Circuit-Breaker — What  is  the  cause  of  the. 
studs  on  a  circuit-breaker  becoming  hot  and  how  can  it  be 
j'emedied? 

M.    W.    C. 

The  heating  may  be  due  to  poor  connections  causing  some 
sparking  or  local  heating  from  the  high  resistance.  If  im- 
proving the  contacts  does  not  stop  the  trouble  the  studs  are 
probably  too  small  for  the  current  they  carry  and  should  be 
replaced  with  larger  ones.  It  should  not  be  attempted  to 
pass  more  than  SOO  to  1200  amp.  per  sq.in.  of  cross-section 
of    copper    conductor. 


A  Lighting  Question — A  consulting  designing  engineer 
states,  "The  incandescent  lighting  system  may  be  planned 
for  high-voltage  with  240-volt  lamps  requiring  from  30  to 
300  per  cent,  more  current  than  would  be  required  if  the  sys- 
tem   was    designed    for    115    volts."      Is    he    correct? 

J.    .T.    B. 

It  would  seem  as  though  the  engineer  must  have  been  mis- 
quoted. For  a  given  candlepower  of  lamps  the  same  amount 
of  energy  will  be  required  by  lamps  of  either  voltage,  so  the 
240  volt  lamps  would  take  half  as  much  current  as  the  115- 
volt  lamps. 


Tliree-Wirc  or  Two-Wire  System — What  advantage,  if  any, 
has  a  three-wire  system  (motors,  250-volt,  lamps,  125-volt) 
over  a  two-wire  system  with  motors  and  lamps  both  250-volt? 
Why  go  to   the  expense  of  the  third  wire? 

B.    J.    J. 

There  is  practically  no  advantage  in  the  three-wire  over 
the  two-wire  system  under  the  conditions  named.  The  only 
objections  to  the  two-wire  arrangement  are  in  the  disagree- 
able shock  from  the  higher  voltage  and  the  greater  fragility 
of  the  filament  of  a  250-volt  lamp,  which  renders  it  less  de- 
sirable where  it  is  subject  to  vibration  or  much  moving  about. 


Running  with  Broken  Steam  Valve — If  the  steam  valve 
should  break  on  a  Corliss  engine,  how  could  the  engine  be 
kept    running    until    repairs    could    be    made? 

N.    O. 

Turn  the  valve  so  that  It  will  cover  the  port  and  use  some 
means  to  hold  it  there.  Then  disconnect  the  exhaust  valve 
of  the  same  end  of  the  cylinder  from  the  wristplate  and 
block  the  valve  so  that  it  will  stay  open.  The  engine  will 
then  run  with  one  end.  If  it  is  a  single-eccentric  engine 
which  cut  off  at  fs  stroke  before,  it  will  now  cut  off  at  "/ni 
or  •%  on  the  one  end.  The  only  difference  in  operation  will 
be   that   the   engine   will    not    be   quite   so   steady   in   speed. 


Eccentricity  of  Eccentric — In  designing  a  slide-valve  en- 
gine with  a  steam  port  1%  'n.  wide  and  %-ln.  lap  on  the 
valve,  the  valve  tc  be  driven  from  an  eccentric,  how  far  from 
the  center  of  the  eccentric  should  the  hole  be  drilled  f  r  the 
eccentric    to    give     the    l>roper    throw'.' 

!•,    1>.    .\ 
The   travel  i>f  :i    sliiie  valvi'  is   twice   the   biji   phis   twice   the 
pott    ii])ening;    in    thI.M    case 

2    X     1'^     =    3 

2  X  ^',  -  l'/4 
the  sum  of  these  Is  4'/4,  which  Is  the  necessary  throw  for 
full  p  rt  opening.  The  throw  of  the  eccentric,  which  equals 
the  travel  of  the  valvo  Is  twice  the  distance  from  the  center 
of  the  shaft  to  the  center  of  the  eccentric,  so  that  If  the  hole 
Is  bored  2  Vi  in.  from  the  center  of  the  eccentric  It  will  give 
the   r  quired    4  Vj    travel. 


5S2 


POWER 


Vol.  37,  No.  16 


n    m  H    u       hh       iiiiiiiiiiiiiiiiuiiiiiiiiiHiiniiiiiiiiiiiiiiiiiiiiiiiiiuuiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiHHiininiiniiiiiiiiiiiiiiiiiiii^ 


ENGINEERS'     STUDY     COURSE 


amiiiiiiiirirmnmiiilin imiliuimffllim  limillllll  U  u  U  n 

Principles  of  Combustion 

Many  believe  that  to  uuderstaiid  conibustiou  and  other 
dark  matters,  such  as  flue-g-as  analysis,  it  is  necessary  to 
have  a  good  knowledge  of  chemistry.  This  is  not  so.  How- 
ever, it  is  easiest  as  one  goes  along  to  have  a  working 
idea  of  a  few  simple  technical  terms.  Therefore,  when 
you  come  to  paragraphs  dealing  with  dry  definitions  do 
not  shy  around  them  but  wade  through.  They  are  there 
for  a  purpose  and  you  will  be  paid  for  your  trouble  in 
the  long  run. 

When  an  engineer  talks  about  combustion  he  means 
the  burning  of  such  fuels  as  wood,  peat,  the  various 
grades  of  coal,  such  as  lignites,  bituminous  coals  and  an- 
ihracite;  coke,  oil,  gases  and  such  byproduct  fuels  as 
lar,  bagasse,  which  is  sugar  cane  after  the  sugar  has 
been  extracted,  spent  tan  bark,  corn  and  corn  cobs,  etc. 

The  principal  element  in  all  of  the.se  fuels  is  carbon 
M-hich,  Ijy  the  way,  is  one  of  the  most  widely  distributed 
elements  in  nature.  The  diamond  is  pure  carbon;  sugar 
contains  a  large  proportion  of  it ;  coke  is  almost  pure 
carbon;  paper  contains  carbon,  so  does  ink:  ])lants,  trees, 


without  any  chemical  change  taking  place  in  the  mixture. 

Although  there  are  thousands  of  chemical  compounds, 
there  are  but  79  known  elements  and  nearly  half  of 
these  are  excee.dingly  rare  ones.  In  the  study  of  com- 
liustion,  we  deal  with  but  the  five  shown  in  Table  I. 

There  are  two  kinds  of  changes  possible  in  nature, 
physical  changes  and  chemical  changes.  A  physical 
change  is  one  that  atfects  the  form  of  a  substance  but  not 
its  character,  while  a  chemical  change  usually  affects  both 
form  and  character.  Two  examples  of  physical  changes 
are  the  freezing  of  water  to  form  ice  and  the  heating  of 
water  to  form  steam.  While  each  of  these  causes  the 
form  of  the  water  to  change  (in  one  case  to  a  solid;  in 
the  other  to  a  vapor)  the  composition  remains  exactly 
the  same.  If  you  take  a  lump  of  coal  and  hammer  it 
into  a  powder  you  have  caused  only  a  physical  change,  for 
you  have  only  changed  the  form  of  the  coal  from  a  lump 
to  a  powder  which  is  simply  a  mass  of  very  small  lumps 
of  coal  having  the  same  characteristics  as  the  original 
big  lump.  But  if  you  burn  a  lump  of  coal,  it  gives  off 
light  and  heat  and  the  coal  changes  into  an  ash  and 
some  invisible  ga.ses.     This  is  a  chemical  change  because 


T.\BLE  1 

.  COMBUSTION  DATA 

Col.  1 

Col.  2 

Col.  3 

Col.  4 

Col.  5 

Col.  6 

Col.  7 

Col.  8 

Name  of 
Element 

Symbol  of 
Element 

Combining 
Weight 

Combustion 
Formula 

Compound  Formed 

Heat  Liberated 
B.t.u.  per  lb. 
of  Combustible 

Pounds  of  Oxy- 
gen Required 

per  lb.  of 
Combustible 

Pounds  of  Ai 

Required  per 

per  lb.   of 

Combustible 

Carbon 

C 

12 

C-|-0=CO 
C+20=C0, 

co+o=co. 

Carbon    Monoxide    (Incomplete 

Combustion) 
Carbon  Dioxide  (Complete  Com 

bust  ion) 

Carbon  Dionde 

t,450 

14,600 
10,150 

U 
21 

5.76 

11   52 

2  47 

Hydrogen 

H 

1 

2H+0=H,0 

Water 

62,000 

8 

34  36 

Sulphur 

S 

32 

8+20=80, 
8+30=30, 

Sulphur  Dioxide 
Sulphur  Trioxide 

Oiygen 
Nitrogen 

o 

16 

N 

14 

etc.,  are  composed  largely  of  carbon,  and  even  the  human 
being  has  a  large  percentage  of  this  element  in  his  make- 
up. 

It  is  now  important  to  know  what  an  element  is.  Any 
gas,  liquid  or  solid  which  cannot  be  changed  by  some 
process  or  other  which  causes  chemical  change,  into  two 
or  more  substances  of  distinctly  separate  natures  is  called 
an  element.  On  the  other  hand,  a  gas,  liquid  or  solid 
which  can  be  changed  is  called  a  compound.  To  illus- 
trate, pure  iron  is  an  element  because  there  is  no  way 
tc  convert  it  or  "break  it  up"  into  an}'thing  but  iron. 
Iron-rust,  however,  is  a  compound,  because  it  is  a  chem- 
ical combination  of  iron  and  oxygen  and  can  be  divided 
by  a  chemical  process  into  iron  and  oxygen.  Water  is 
a  compound  because  it  can  be  divided  by  intense  heat 
or  by  electricity  into  two  ga.ses,  hydrogen  and  oxygen. 

These  two  gases,  hydrogen  and  oxygen,  are  elements 
liecause  it  is  impossible  to  convert  them  into  anything 
but  what  they  are.  They  may,  however,  be  reunited  chem- 
ically with  other  elements  or  with  compounds  and  form 
many  different  substances.  Air  is  neither  an  element 
nor  a  compound.  It  is  simply  a  mixture  of  elements, 
mainly   oxygen   and   nitrogen,   which   may   be   separated 


the  nature  of  the  substance  is  completely  altered.  First 
you  had  coal,  composed  of  a  large  proportion  of  carbon 
and  small  proportions  of  other  substances,  such  as  hydro- 
gen, sulphur,  etc.  After  the  change  you  had  left  a 
little  ash.  The  rest  of  the  coal  was  converted  into  gase.-; 
and  these  passed  off  into  the  air. 

From  this,  then,  we  can  describe  combustion  as  a 
chemical  combination  of  one  or  a  number  of  combustibles 
(such  as  those  in  Table  I),  with  oxygen  (the  supporter 
of  combustion),  when  light  and  heat  are  produced. 

A  fact  which  is  very  fortunate  from  our  point  of  view 
is  this :  Chemical  elements  follow  exact  laws  when  they 
enter  into  chemical  combinations  with  each  other;  a 
fixed  weight  of  one  element  always  coml)ines  with  a  fixed 
weight  of  another  to  form  a  given  compound.  Also,  a 
definite  amount  of  heat  is  always  created  when  a  given 
combination  takes  place.  Thus,  when  hydrogen,  one  of 
the  combustible  elements  of  many  fuels,  burns,  it  always 
requires  a  fixed  amount  of  oxygen ;  it  always  causes  a  cer- 
tain amount  of  heat,  and  it  always  results  in  a  certain 
tjuantity  of  the  product  of  its  combustion. 

Because  of  these  facts,  Table  1  becomes  a  very  use- 
ful thing  and  in  due  time  you  will  realize  this. 
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Carbon 

Ii!  the  meantime,  a  few  things  may  be  said  about  the 
elements  in  Column  1.  Carbon  being  the  most  important 
clement  in  most  fuels,  is  placed  first  on  the  list  and  comes 
first  for  consideration.  In  its  pure  state  it  is  a  solid,  such 
as  graphite  and  diamonds.  As  found  in  solid  fuels,  part 
of  it  is  pure  and  part  is  in  combination  with  hydrogen 
forming  hydrogen-carbon  combinations  which,  for  brevity, 
are  spelled  and  pronounced  hydrocarbons.  The  pure  car- 
bon part  of  a  fuel  is  usually  referred  to  as  "fixed  car- 
bon" because  when  the  fuel  is  heated  the  hydrocarbon -i 
vaporize  and  pass  off  in  the  air,  the  same  as  water  in  a 
s})onge  vaporizes  and  passes  off.  The  pure  carbon  re- 
mains behind,  consequently  we  say  it  is  "fixed." 

In  liquid  fuel,  such  as  crude  oil  or  any  of  the  products 
of  crude  oil,  such  as  kerosene  and  gasoline,  carbon  is 
not  found  in  the  pure  state  but  is  always  present  in  com- 
binations with  hydrogen  as  hydrocarbons.  Carbon  exists 
in  gaseous  fuels,  such  as  natural  gas,  illuminating  gas, 
blast-furnace  gas,  etc.,  but  only  in  combination  with 
either  hydrogen  or  oyxgen  (principally  with  hydrogen  in 
the  shape  of  hydrocarbons). 

When  carbon  burns  completely,  it  always  requires  a 
certain  amount  of  oxygen,  and  hence,  a  certain  amount 
of  air,  because  the  oxygen  is  supplied  by  the  air  and  the 
proportion  of  oxygen  found  in  the  air  is  the  same  iti 
New  York  as  it  is  in  Punxsutawuey  or  San  Francisco; 
in  fact,  the  proportion  remains  the  same  the  world  over. 
You  may  supply  more  oxygen  by  supplying  more  air  but 
the  excess  will  not  be  used.  A  given  amount  of  carbon 
will  use  (or  combine  with)  only  so  much  oxygen,  never 
any  more  and  never  any  less. 

Did  you  notice  in  the  beginning  of  the  last  paragraph 
that  it  was  said  "when  carbon  burns  completely"?  Care 
was  taken  to  specify  complete  combustion  because  carbon 
will  undergo  partial  or  incomplete  combustion  when  con- 
ilitions  are  not  right  for  complete  combustion.  But,  this 
need  not  worry  us,  because  this  incomplete  combustion 
also  follows  definite  laws.  A  certain  amount  of  carbon 
incompletely  burned  will  use  a  certain  amount  of  air 
every  time  and  will  give  up  a  certain  amount  of  heat 
every  time.  Wliat  the  oxygen  or  air  requirement  is  in 
each  case  and  what  the  amount  of  heat  is  created  will 
be  taken  up  later.  Just  now  we  will  talk  ahout  some 
of  the  otlii'i-  elements. 

IlYDItOGKN 

Pure  hydrogen  is  a  colorless  and  odorless  gas.  It  ex- 
ists in  coal  in  combination  with  carbon,  forming  the 
hydroc-arbons  mentioned  before.  These  hydrocarbons  form 
the  principal  ])art  of  the  volatile  matter  in  coal.  When 
i:  coal  is  heated  to  a  certain  temjjerature,  certain  quan- 
tities of  va))ors  or  gases  are  given  off,  depending  on  the 
nature  of  the  coal.  With  bituminous  or  "soft"  coals, 
large  quantities  are  given  off;  with  anthracite  or  "hard" 
coals  only  small  quantities  are  given  off.  These  vapors 
or  gases  are  known  as  the  volatile  matter  of  the  coal. 
ilydnigi'M  is  likewise  found  in  a  combined  state  in  the 
liquid  fuels.  In  gaseous  fuels  it  exists  in  both  the  fre(! 
and  the  combined  state. 

When  hydrogen  burns,  it  burns  completely;  there  is 
no  part  or  half-way  process  with  it  as  is  the  case  with 
carbon.  Hydrogen  produces  intense  heat  and  as  a  fuel  it 
has  great  value. 


Sulphur 

Sulphur  in  its  pure  state  is  a  yellow  solid  substance 
which  burns  very  easily  and  forms  a  disagreeable  smoke. 
It  exists  to  some  extent  in  practically  all  coals  and  fuel 
oils.  It  is  undesirable  in  fuel  because  its  heat  value  is 
very  small  and  because  it  tends  to  form  an  acid  which 
quickly  corrodes  the  ironwork  of  flues  and  chimneys. 
Sulphur  also  increases  the  clinkering  properties  of  the 
coal.  Ordinarily  the  amount  of  sulphur  found  in  coal 
and  oil  is  small,  and  hence,  because  its  heat  value  is  low, 
we  can  easily  afford  to  ignore  it  in  our  calculations.  It 
is  well  to  bear  in  mind,  however,  that  the  less  sulphur  a 
fuel  contains  the  more  desirable  it  is. 

Moisture,  Ash,  Etc. 

In  addition  to  the  elements  just  mentioned,  all  solid 
fuels  contain  water,  ash  and  a  few  other  impurities.  The 
water  is  usually  referred  to  as  moisture.  This  water  can- 
not be  squeezed  out  like  water  from  a  sponge,  l)ut  it  can 
practically  all  be  dried  out  from  coal  simply  by  heat- 
ing the  coal  for  a  certain  length  of  time.  In  oil  fuel, 
which  also  contains  moisture,  most  of  the  w^ter  will  set- 
tle out  when  the  oil  is  allowed  to  stand  for  a  sufficient 
time. 

The  amount  of  moisture  which  a  coal  contains  de- 
j'cnds  almost  entirely  upon  the  nature  of  the  coal.  Some 
coals  are  more  sponge-like  than  others;  that  is,  they 
have  greater  cajiacity  for  holding  water  than  others.  The 
amount  of  ash  or  unburnable  .solid  material  in  coal 
tdso  varies  greatly  with  the  kind  of  coal,  and  sometimes 
the  same  kind  of  coal  will  run  very  unevenly  in  this 
respect.  Ae  ash  and  moisture  do  not  create  heat,  natural- 
ly, the  less  of  these  a  fuel  contains  the  better  it  is. 

In  addition  to  the  ash  and  moisture,  coal  contains  a 
few  other  impurities,  principally  oxygen  and  nitrogen. 
The  latter  need  not  worry  us  in  the  least  because  the 
amount  of  it  is  small  and  it  has  but  slight  effect  on  the 
results  anyhow.  The  oxygen  contained  in  coal  some- 
times runs  rather  large  in  quantity  and  hence  it  is  im- 
portant to  know  about  it,  although  in  our  ordinary  work 
in  boiler-room  economy  we  can  afford  to  forget  about  it, 
and  we  will,  later  on,  when  we  "get  down  to  cases."  But 
it  is  a  good  idea  to  get  a  fair  understanding  of  the  whole 
story  so  that  when  w'e  read  the  more  technical  articles 
and  reports  we  will  have  some  idea  of  what  they  are  all 
about. 

Even  the  scientists  are  not  certain  as  to  exactly  what 
form  oxygen  exists  in  coal.  They  are  not  sure  whether 
it  is  there  as  an  element,  that  is,  as  free  or  uncombined 
oxygen;  or  as  a  compound  with  hydrogen  in  the  form  of 
water  so  tightly  mixed  up  in  the  coal  that  no  amount 
of  heating,  short  of  burning,  will  drive  it  out  like  or- 
dinary water;  or  whether  it  is  in  the  coal  in  some  com- 
bination with  carbon  as  carbon  dioxide  or  CO^.  However, 
it  is  generally  believed,  and  always  assumed  that  the 
oxygen  exists  in  the  coal  ns  a  coiiiponnil  with  hydrogen 
in  the  form  of  water.  Heiic(>,  wlicn  :in  analysis  of  a 
coal  shows  that  it  contains  both  oxygen  and  hydrogen, 
only  part  of  the  hydrogen  is  considered  as  available  for 
combustion.  The  other  part  is  considered  as  being  al- 
ready combined  chemically  with  the  oxygen  of  the  coal 
in  the  form  of  water,  II^O.  And,  as  water  is  nonconi- 
bustible,  the  hydrogen  thus  combined  is  useless  as  fuel. 
Hence,  when  you  see  the  term  "available  hydrogen"  in  n 
report  of  a.  coal  analysis,  you  will  know  that  it  means,  not 
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all  the  hydrogen  found  in  the  coal,  hut  only  the  part 
which  is  in  excess  of  the  amount  required  by  the  oxygen 
existing  in  the  coal  to  form  water. 

Air 

Air  is  composed  of  the  gases,  oxygen  and  nitrogen,  and 
very  small  quantities  of  a  few  other  elements  and  a  few 
compounds.  The  oxygen  and  nitrogen  form  such  a  large 
part  of  the  air  (99  per  cent,  or  more)  that  for  ail  prac- 
tical purposes  they  are  the  only  constituents  to  be  con- 
sidered. As  found  iu  the  air  they  are  both  pure,  tliat 
is,  imcombined  with  any  other  elements. 

Some  people  have  difficulty  in  realizing  that  a  gas  has 
weight.  They  think :  "You  never  could  weigh  a  gas ;  it 
is  too  light;  it  would  not  stay  on  the  scale."  Conse- 
quently, they  get  confused  when  they  read  about  pounds 
of  air  or  pounds  of  oxygen.  It  is  really  easy  to  weigh 
a  gas  if  you  have  a  good  strong  tank  or  cylinder  and  a 
pair  of  scales  that  are  very  sensitive  and  accurate.  Sup- 
pose you  wished  to  weigh  air,  for  instance.  Although  air 
is  not  a  simple  gas,  but  a  mixture  of  the  two  gases,  oxygen 
and  nitrogen,  it  makes  no  difference,  the  action  is  the 
same. 

Close  the  valve  on  the  tank,  put  the  tank  on  the  scale 
and  weigh  it.     We  know  that  the  tank  is  full  of  air  at 


Yic  1.  Experiment  To  Show  That  Air  Has  Weight 

atmospheric  pressure,  because  a  pressure  gage  attached 

to  the  tank  would  show  zero  pressure.     Now,  connect  a 

good   vacuum  pump  to  the  tank  and  pump  and  pump 

and  pump  until  the  vacuum  gage  shows  as  near  30  in. 

of  vacuum  as  you  can  get  it  to  show.     Then,  weigh  the 

tank  again.  .  This  time  the  weight  will  be  less,  proving 

that  air  has  weight.     If  the  temperature  of  the  air  was 

60  deg.,  if  the  tank  had  a  capacity  of  5  cu.ft.  and  if  it 

weighed  75  lb.  the  first  time,  it  would  weigh  something 

like  74.618  lb.  the  second  time,  showing  that  the  5  cu.ft. 

of  air  pumped  out  weighed  0.382  lb.  or  that  air  at  60  deg. 

lemperature  and  atmospheric  pressure  weighs, 

0  382 

-^— -  =  0.0764  lb.  pel-  ru.ft. 

(By  the  way,  it  was  not  necessary  to  close  the  valve  on 
the  tank  for  the  first  weighing.  But  this  is  another  story 
to  be  taken  up  later.) 

You  will  notice  that  the  temperature  of  the  air  when 
the  weighing  took  place  was  specified.  This  was  done  be- 
cause air  (or  any  gas)  is  a  very  elastic  fluid  and  expands 
and  contracts  very  easily  by  being  heated  and  cooled ; 
hence  its  weight  per  cubic  foot  changes  with  change  of 
•temperature :  that  is,  unless  it  happens  to  be  inclosed  in 


some  vessel  that  will  not  let  it  expand.  Then  it  is  not 
the  volume  nor  the  weight  that  changes,  but  the  pres- 
sure. 

If  you  think  of  a  gas  as  a  very  light  fluid  it  is  easy  to 
realize  that  it  has  weight  just  the  same  as  any  other 
fluid,  such  as  water. 

By  volume,  air  is  composed  of  21  per  cent,  oxygen  ami 
79  per  cent,  nitrogen.  That  is,  out  of  every  100  cu.ft. 
of  air,  21  cu.ft.  is  oxygen  and  79  nitrogen.  By  weight, 
air  is  composed  of  23.15  per  cent,  oxygen  and  76.85 
per  cent,  nitrogen.  That  is,  out  of  every  100  lb.  of  air, 
23.15  lb.  is  oxygen  and'76.85  lb.  nitrogen. 


PHILIP    H.    DIEHL 

Philip  H.  Dli'hl.  c-leotrical  engineer,  and  founder  of  the 
Diehl  Manufacturing  Co.,  Elizabeth,  N.  J.,  died  Apr.  7.  at  his 
home  in  that  city  at  the  age  of  sixty-six.  Mr.  Diehl  was  born 
in  Dalsheim,  Germany.  Jan.  13,  1847.  He  came  to  the  United 
.States  in  1868  and  entered  the  employ  of  the  Singer  Sewing 
Machine  Co.  In  1879  he  invented  an  arc  lamp,  and  shortly 
afterward  he  placed  on  the  market  a  small  battery  motor 
which  embraced  the  principle  of  the  varying  air-gap  for  speed 
control.  In  1SS4.  at  the  Pranklin  Institute  exhibition  at  Phila- 
delphia. Mr.  Diehl  exhibited  a  dynamo  which  was  modeled 
somewhat  after  his  smaller  motor  and  which  generated  en- 
ergy for  arc  lamps,  sewing-machine  motors  and  incandescent 
lamps  covered   by    his   patents. 

In  1887  the  firm  of  Diehl  &  Co.,  predecessor  of  the  present 
Diehl  Manufacturing  Co.,  was  formed  and  in  the  late  eighties 
the  Diehl  ceiling  fan  made  its  appearance.  This  was  claimed 
to  be  the  first  ceiling  fan  possessing  an  individual  suspended 
motor    carrying    its    own    separate    set    of    blades. 

One  of  the  first  of  Mr.  Diehl's  inventions  in  connection 
with  the  sewing-machine  industry  was  an  individual  motor 
of  the  external-ring  or  Siemens  type  which  was  made  part 
of  the  balance  wheel  of  the  Singer  sewing  machine,  Thi» 
balance-wheel  motor  led  to  the  development  about  1890  of  3 
larger  motor  Incorporating  many  of  the  features  of  the 
smaller  design,  including  the  ring-type  armature.  In  1889 
a  bronze  medal  was  awarded  to  Mr.  Diehl  by  the  American 
Institute  of  New  York  for  electric  fans  and  dynamos. 

VICTOR    DWELSHAUVERS-DERY 

A  distinguished  scientist,  particularly  noted  for  his  re- 
searches into  the  properties  of  steam  and  its  action  in  the 
engine  cylinder,  and  for  his  work  for  the  advancement  of 
engineering  education,  was  Prof.  Victor  Dwelshauvers-Dery, 
who   died    on    Mar.    5    at    Li''ge.    Belgium. 

Victor  Auguste  Earnest  Dwelshauvers-Dery  was  born  at 
Dinant.  Belgium,  Apr.  25,  1836.  Of  aristocratic  birth  by  his 
mother,  he  united  a  delicacy  of  sentiments  to  the  love  of 
liberty  and  the  energy  that  he  derived  from  a  very  demo- 
cratic father.  When  seventeen  years  of  age  he  went  to 
study  for  four  years  at  the  Institute  of  M.  Dupuich,  of  Brus- 
sels, where  he  specialized  In  the  higher  mathematics.  His 
mind  displayed  a  leaning  toward  the  actual  and  practical, 
which  influenced  him  to  go  to  the  School  of  Mines  in  the 
University  of  Li^ge  where  he  took  the  degree  of  mechanical 
engineer  in  1861.  Directly,  he  was  appointed  an  instructor 
at  the  university,  and  subsequently  became  a  full  professor, 
succeeding  Brasseur,  a  famous  teacher  of  applied  mechanics, 
under   whom   he   had    studied. 

There  was  then  little  instruction  given  in  such  sub- 
jects as  resistance  of  materials,  graphical  statics,  thermo- 
dynamics and  the  theory  of  the  steam  engine,  but  they  were 
introduced  by  Dwelshauvers-Dery  into  the  curriculum.  He 
was  anxious  to  compare  theory  with  practice  and  devoted 
much  attention  to  original  investigation.  At  the  London 
Exhibition,  in  1862,  he  was  greatly  impressed  by  the  Porter- 
Allen  engine  and  forthwith  purchased  a  novelty  which  Mr. 
Porter  had  shown  in  connection  with  it — a  Richards  high- 
speed indicator.  This  the  buyer  long  lacked  facilities  at  his 
school    to   use. 

From  1870  on.  he  sought  to  establish  an  engineering 
laboratory  for  his  students,  but  was  a  great  while  in  getting 
it.  He  visited  Hirn,  in  Alsace,  and  made  use  of  an  engine 
of  that  distinguished  scientist  for  investigating  the  dis- 
crepancy between  the  pure  thermodynamometric  and  the 
correct,    applied    theory    of    the    steam    engine.      Among    the 
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phenomena  which  he  approached  by  new  methods  of  study 
at  LiSge  were  those  of  steam  condensation.  About  18S0  he 
was  allowed  an  appropriation  with  which  he  purchased  an 
engine  for  experimental  laboratory  work,  but  at  first  was 
obliged  to  keep  it  outside  of  the  university,  at  his  own  ex- 
pense. It  was  not  until  1S93  that  the  university  granted 
him  the  mechanical  laboratory  he  desired.  To  his  influence 
may  be  ascribed  the  fact  that  steam  laboratories  were  al- 
ready being  established  by  other  institutions.  From  1S94 
systematic  work  was  conducted  in  his,  and  it  was  fruitful 
of  results.  The  first  years  of  research  tended  to  show  the 
possible  usefulness  of  steam  jacketing  and  of  superheated 
steam  and  emphasized  the  importance  of  dry  steam.  One 
of  his  greatest  accoinplishments  was  the  determining  anew. 
With  an  engine  of  commercial  size,  the  niechanical  equiva- 
lent  of   heat. 

From  1897,  Dwelshauvers-Dery  devoted  himself  entirely 
to  work  in  the  mechanical  laboratory  which  had  been  es- 
tablished at  the  University  of  Liege.  It  was  his  method, 
when  testing  an  engine,  to  have  all  the  observations  of  the 
instruments  made  by  a  group  of  a  dozen  students,  each  hav- 
ing his  duties  clearly  determined  beforehand,  readings  be- 
ing recorded  every  minute  or  every  two  minutes,  etc.,  in  a 
notebook  prepared  for  the  purpose.  The  test  proper  did 
not  exceed  an  hour  or  an  hour  and  a  half,  which  contrasts 
■with  the  hours  of  time  generally  occupied  in  such  purposes 
In  school  laboratories.  The  test  having  ended,  each  ob- 
server   dictated    his    notes    to    the    others.       The    handling    of 
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these  data  comprised  a  solution  of  some  5(1  numerical  prob- 
lems  to    be   worked    out   at   home. 

The  method  of  Dwelshauvers-Dery  enables  the  professor 
to  realize  the  desire  of  Hirn,  that  the  students  might  be 
made  useful  in  new  discoveries.  In  1873,  he  proposed  the 
question:  "Is  the  compression  of  steam  in  the  clearance 
space  at  the  end  of  the  return  stroke  economical?"  For 
purely  theoretical  reasons,  with  numerous  engineers,  he  be- 
lieved In  its  economy;  but  he  desired  experimental  confirma- 
tion. To  solve  this  and  other  similar  questions,  he  had  con- 
structed a  purely  experimental  engine,  which  was  flexible  in 
its  adjustments,  permitting  at  pleasure  separate  changes  of 
all  the  events  of  governing  and  steam  distribution.  For  ex- 
ample, the  degree  of  compression  might  be  varied,  every- 
thing else  being  kept  the  same.  To  the  great  surprise  of  thi- 
professor,  a  first  long  series  of  tests  showed  that  compres- 
sion was  the  more  costly  the  more  it  was  prolonged.  He 
was  unwilling  to  believe  this  until  further  tests  were  made 
with   some   of   the   conditions   changed. 

After  having  described  his  method  of  experimentation, 
ho  Imparted  to  the  public  his  researches  upon  final  com- 
pression. His  articles  aroused  the  pialse  of  some  engineers. 
Some  even  tried  to  discredit  the  laboratory  tests  at  I.ifge. 
suggesting  that  there  had  been  piston  leaks,  shown  by  -i 
hook  at  the  end  of  the  indicator  diagram.  The  professor 
was  convinced  by  I'xperlment  that  there  had  been  no  such 
piston  leak.  When  put  In  possession  of  all  the  original 
documents.  Commodore  Isherwood,  formerly  englneer-In- 
ehlef  of  the  United  States  Navy,  who  had  decided  to  take  up 
the  question,  affirmed  the  absence  of  a  piston  leak.  Finally, 
Georges  Duchesne,  a  pupil  and  collaborator  of  Dwel- 
shauvers-Dery, put  an  end  to  the  discussion  of  this  sub- 
ject   by    a    decisive    experiment. 


The  professor  attributed  the  hook  at  the  end  of  the  dia- 
gram to  condensation  produced  by  compression;  and  gave, 
as  proof,  diagrams  taken  upon  Allis  engines  which  showed 
the  final  hook  and  which  certainly  had  not  been  affected 
by  piston  leaks.  Duchesne,  to  settle  the  question,  said:  "If 
the  hook  be  due  to  condensation  it  will  not  appear  if  we 
compress  air,  which  is  not  condensable."  He  experimented 
with    air   and    no   hook    appeared    in   the    diagram. 

Dwelshauvers-Dery  then  demonstrated  experimentally 
that  the  law  of  expansion  is  not  the  same  as  that  of  com- 
pression. 

Pursuing  the  investigations,  Duchesne  decisively  showed 
that  generally  the  steam  is  superheated  at  the  moment  when 
exhaust  ceases  and  compression  begins;  that  afterward  the 
superheat  is  lost  by  the  action  of  the  cylinder  walls  and 
that,  in  certain  cases,  the  steam  rapidly  condenses  before 
the   end   of   the   stroke,    this   resulting   in  a   hook. 

Partly,  at  least,  upon  the  basis  of  others'  investigations, 
Dwelshauvers-Dery  had  laid  down  the  following  principle, 
later  confirmed  by  experiment:  "The  most  economical  op- 
eration of  the  steam  engine  is  secured  when,  by  an  efficient 
means,  whether  jacketing,  superheating  or  other,  the  cyl- 
inder wall  is  brought  to  a  condition  of  perfect  dryness  at 
the    beginning    of    the    exhaust    period." 

A  later  enunciation  was  as  follows:  "The  less  the  quan- 
tity of  water  remaining  on  the  surface  of  the  metal  of  the 
cylinder  wall  at  the  instant  of  opening  the  exhaust  pass- 
age, the  less  the  consumption  of  steam  by  the  engine.  When 
the  ratio  of  expansion  is  varied  from  one  to  another  ex- 
treme of  values,  it  will  be  found  that  the  measure  of  steam 
consumption  and  of  efficiency  will  pass  through  a  series  of 
values  also,  giving  a  minimum  cost  of  power  and  maximum 
efficiency  of  steam  employed  at  a  point  which  corresponds 
to  that  at  which  this  condition  of  final  dryness  of  the  cyl- 
inder   wall    is    secured." 

Hirn's  calorimetric  analysis  of  the  steam  engine  was  put 
into    systematic   algebraic     form    by    Dwelshauvers-Dery. 

In  1900  the  professor's  work  was  interrupted  by  his  ap- 
pointment as  rector  of  the  University  of  Li6ge  and  after 
three  years  he  retired.  Changes  were  introduced  into  the 
methods  employed  at  the  laboratory  which,  he  believed,  seri- 
ously compromised  its  usefulness,  and  theories  were  ad- 
vanced which  he  did  not  approve.  With  health  recovered 
after  a  period  of  being  incapacitated  for  work,  he  again  ap- 
peared publicly  as  a  champion  of  his  convictions.  Two  con- 
troversial letters  from  his  pen  were  published  in  1907  and 
1908,  in  the  Bulletin  de  L'Asson.  des  ElSves  des  Ecoles 
Sp^ciales  de  Lifge;  finally,  in  1909,  appeared  his  article  on 
"The  Conception  of  Work."  In  1908,  he  aiso  published  in  the 
Revue  G^nerale  des  Sciences,  an  article  on  the  "Conception 
of   Mass." 

In  1905,  in  connection  with  the  Mechanical  Congress  of 
Lifge,  he  vi'as  delegated  to  prepare  a  m^moire  on  the  me- 
chanical antiquities  of  Belgium  and  especially  upon  the 
famous  hydraulic  machine  of  Marly,  erected  under  orders 
of  IjouIs  XIV,  by  Renkin,  of  Li#ge.  The  same  year  he  edited 
a  historical  report  on  the  mechanical  progress  of  Belgium 
from    1830    to    1905. 

In  1888  he  was  awarded  by  the  British  Institution  of 
Civil  Engineers,  the  Telford  prize  for  his  discussion  of  the 
steam-engine  governor.  In  1889,  he  shared  with  Donkin  a 
prize  for  successfully  investigating  the  thermal  action  of 
the  interior  of  the  cylinder  wall.  Among  the  societies  witli 
which  he  was  connected  was  the  American  Society  of  Mechan- 
ical Engineers,  which  made  him  an  honorary  member  in  ISSfi. 

The  late  Dr.  R.  H.  Thurston,  who  knew  Dwelshauvers- 
Dery  well,  held  both  the  accomplishm<'nts  and  the  character 
cif   the   man    in   high   admiration. 


„™™„™ 

PERSONALS 

W.  G.  Freer,  chief  engineer  of  the  Citizens  Central  Bank 
Building,  New  York  City,  will,  on  May  1,  become  power  en- 
gineer of  the  American  Ijocomotlve  Works,  at  Schenectady, 
N.    V. 

Nicholas  F.  Brady  was  elected  president  of  the  New  York 
Edison  Co.,  on  Apr.  8.  Mr,  Brady  succeeds  his  father,  An- 
thony N.  Brady,  who  becomes  chairman  of  the  board  of  di- 
rectors. He  is  one  of  the  youngest  men  In  the  country  to  be 
president  of  a  large  corporation.  Mr.  Brady  worked  hia  way 
up  In  the  company's  employ,  after  his  graduation  from  Yale. 
He  has  beeji  pp.rtlcularly  Interested  In  welfare  work,  and 
was  Instrumental  In  establishing  a  commercial  school,  an 
employees'  savings  and  loan  assor-lntlon.  and  a  well  fitted 
cltibhouse   fni-   the   mm. 
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SOCIETY     NOTES 


The  Detroit  Engineering  Society  will  hold  its  nineteenth 
annual  meeting  and  banquet  in  the  Hotel  Cadillac,  Friday- 
evening.  April  IS.  The  meeting  will  be  called  to  order  in  the 
hotel  parlor  on  the  first  floor  of  the  hotel  promptly  at  6:30 
p.m.  for  the  purpose  of  electing  officers  for  the  year,  and 
transaction  of  other  business.  The  banquet  will  be  held  at 
8:30  p.m.,  and  the  entertainment  committee  is  planning  to 
make  this  a  splendid  occasion.  Good  speaking  and  music  are 
provided. 


BOOKS     RECEIVED 


A  PRIMER  OF  THE  INTERNAL  COMBUSTION  ENGINE.  By 
H.  E.  Wimperis.  D.  Van  Nostrand  Co..  New  York.  Cloth; 
143   pages,   4%x6%    in.;   60    illustrationc;    tables.      Price,   $1. 

SCIENTIFIC  MANAGEMENT  AND  EFFICIENCY  IN  COL- 
LEGE ADMINISTRATION.  By  the  Society  for  the  Pro- 
motion of  Engineering  Education.  Cloth;  226  pages;  5?ix 
8%   in.;     Price.   $1. 

STEAM  TURBINES.  By  H.  Wilda.  D.  Van  Nostrand  Co., 
New  York.  Cloth;  191  pages,  4%x7i4  in.;  104  illustra- 
tions;   tables.      Price,    $1.25. 


New  Plant  to  be  Erected  at  East 
Chicago,  Ind. 

The  Northern  Indiana  Gas  &  Electric  Co.  will  spend  $750,- 
000  this  year  on  a  new  generating  plant  to  be  erected  at  East 
Chicago,    Ind.      Work    has    been    going   on    since    December. 

The  new  plant  is  to  be  situated  at  the  junction  of  the 
Calumet  River  and  the  Chicago  Drainage  Canal.  It  is  de- 
signed for  a  capacity  of  40.000  hp.,  but  it  is  planned  that  two 
units  of  6250  hp.  each  will  be  working  by  May  1.  Transmis- 
sion lines  will  be  erected  to  distribute  the  power  from  the 
new   station. 


A  new  fuel,  called  "motor  spirit."  has  been  announced  by 
the  Standard  Oil  Co.  This  fuel  is  an  additional  product  of  pe- 
troleum, and  doubles  the  amount  of  available  gas-engine  fuel 
to  be  obtained  from  a  given  amount  of  crude  oil.  This  is 
accomplished  by  a  new  process,  which  has  been  patented  by 
W.  M.  Burton.  It  is  stated  that  the  new  fuel  will  be  sold  for 
3c.  a  gallon  less  than  gasoline,  and  that  it  will  give  25  per 
cent,  more  mileage  to  the  gallon  than  gasoline.  It  has  a 
greater  range  of  boiling  points  than  gasoline,  and  therefore 
allows  the  motor  to  be  started  rather  more  easily  than  with 
gasoline.  It  is  about  5  deg.  heavier  than  gasoline,  has  a  yel- 
low color,  and  a  somewhat  strong  odor,  which  could  be  done 
away  with  by  a  process  of  deodorization  and  distillation,  but 
this  additional  refinement  "would  increase  its  price.  The  new 
fuel  has  disadvantages  in  that  it  causes  considerable  smoke, 
and  a  slight  carbonization  of  the  cylinders,  similar  to  that 
found  when  an  excess  of  lubricating  oil  is  used.  Less  lubri- 
cating oil  is  said  to  be  necessary  with  this  fuel,  and  that 
It  is  desirable  to  clean  out  the  cylinders  with  kerosene  about 
once  a  week. 


Naval  officials  estimate  that  at  the  end  of  the  present  fis- 
cal year  20.000,000  gal.  of  fuel  oil  will  have  been  consumed 
by  naval  vessels,  or  6.000.000  gal.  more  than  "was  used  last 
year  and  more  than  three  times  the  amount  used  in  1911. 
These  figures  are  considered  important  as  indicating  that  the 
amount  to  be  consu.ned  during  the  fiscal  year  1914  will  reach 
a  total  of  30.000.000  gal.,  or  an  increase  of  500  per  cent,  in 
three  years.  Already  six  battleships  and  20  destroyers  are 
burning  oil.  and  this  number  will  be  increased  by  two  battle- 
ships and  eight  destroyers  next  year.  In  addition  to  the 
many  advantages  which  naval  experts  report  on  oil  as  a  fuel, 
it  is  observed  that  the  United  States  is  the  only  great  nation 
in    the   world   with   an   almost    inexhaustible   supply. 


The    new    50,000-ton    Cunard     lii 
launched  at  Clydebank,   on   Apr.    21. 
Dock  on   the  Mersey,  to  be  opened 
the   vessel. 


-  "Aquitania"  will  be 
?xt.  The  new  Gladstone 
July,   can  accommodate 


ATL,.VNTIC   COAST   STATES 

The  citizens  of  Chelmsford,  Mass.,  are  considering  plans 
for  the  construction  of  a  municipal  electric-light  plant. 

The  Amherst  Power  Co.  has  prepared  plans  for  the  con 
struction   of  a   power   substation   at  Chicopee,   Mass. 

The  American  Printing  Co.,  of  Fall  River,  Mass.,  is  to  in- 
stall a  1000-hp.  turbine  engine  to  increase  its  present  power 
generation    one-third. 

The  construction  of  a  municipal  electric-light  plant  at 
Paxton,  Mass..   is  under  consideration. 

The  Trenton  Gas  &  Electric  Co.  will  construct  an  addition 
to  its  power  plant  on  New  York  Ave.,  Trenton,  N.  J.  Esti- 
mated  cost,    $9000. 

The  citizens  of  New  Castle,  Penn.,  will  hold  an  election 
June  3,  to  vote  on  the  proposition  to  issue  $200,000  in  bonds 
for   the   construction   of  a   municipal    electric-light    plant. 

Plans  are  being  considered  by  the  Philadelphia  Rapid 
Transit  Co.  for  the  construction  of  an  addition  to  its  power 
plant  at  Beach  and  Popular  Sts.,  Philadelphia,  Penn.  Esti- 
mated cost,  $250,000.  W.  L.  Maize,  Eighth  and  Dauphin  Sts., 
Philadelphia,  is  purchasing  agent. 

SOI THERN    STATES 

The  Brook  Electric  Co.,  of  Warwood.  W.  Va.,  is  consider- 
ing the  construction  of  an  electric-light  plant  at  McMechcn, 
W.  Va. 

An  election  will  be  held  May  6  to  vote  on  the  proposition 
to  issue  $50,000  in  bonds  for  the  construction  of  a  municipal 
electric-light  plant  and  water  system  at  Spencer,  N.  C. 

The  citizens  of  Whigham.  Ga..  are  considering  the  proposi- 
tion to  issue  $6000  in  bonds  for  the  construction  of  an  electric- 
light  plant. 

The  Hawthorne  Mfg.  Co..  Hawthorne,  Fla.,  is  considering 
the  installation  of  an  electr  -light  plant  in  connection  with 
its  establishment. 

CENTR.\L.    ST.VTES 

Plans  are  being  prepared  by  the  United  Service  Co..  for 
the  construction  of  a  new  power  plant  at  Coshocton,  Ohio. 
Estimated   cost,    $150,000.      C.   H.    Howell   is   superintendent. 

The  citizens  of  Centerville,  Ind.,  recently  voted  to  issue 
bonds  for  the  construction  of  a  municipal  electric-lght  pint. 
W.    A.    Butsch   s   twn   clerk. 

Plans  are  being  considered  for  the  construction  of  an  elec- 
tric-light plant  at  "Waumandee,   Wis. 

WEST  OP  THE  MISSISSIPPI 

Preliminary  arrangements  are  being  made  for  the  instal- 
lation of  an  electric  system  at  Weldon,  Iowa.  Bonds  were 
recently  voted  for  the  purpose. 

Plans  are  under  consideration  for  the  construction  of  a 
new  electric-light   plant  at  East  Gi-and    Forks.   Minn. 

The  citizens  of  Fertile,  Minn.,  are  considering  the  propcisi- 
tion   to   construct   a    municipal    electric-light    plant. 

Plans  are  being  prepared  for  the  construction  of  a  munici- 
pal electric-light  plant  at  Grand  Meadow,  Minn. 

Plans  are  being  prepared  for  the  installation  of  an  electric- 
light  system  in  Hildreth,  Neb.  Bonds  were  recently  voted 
for  the  purpose.  C.  E.  Sturtevant,  Holdredge,  Neb.,  is  con- 
sulting  engineer. 

A  committee  has  been  appointed  by  the  council  to  investi- 
gate the  feasibility  of  installing  an  electric-light  plant  at 
Lansford,  N.  D.     C.  A.  Adams  is  chairman  of  the  committee. 

The  citizens  of  Lisbon.  N.  D.,  are  considering  plans  for  an 
expenditure  of  $40,000,  for  the  construction  of  a  municipal 
electric-light    plant. 

Bids  will  be  received  by  the  city  of  Reyrolds,  N.  D.,  until 
Apr.  30,  for  the  construction  of  a  municipal  electric-light 
plant.  Plans  and  specifications  are  on  file  at  the  office.  M. 
N.  Brathorde,   city  auditor.     Estimated  cost.   $5000. 

The  New  Salem  Electric  Light  Co.  has  bei-n  granted  a  fran- 
chise to  construct  and  operate  an  electric-light  plant  at  New 
Salem,   N.    D. 

The  voters  of  St.  Thomas.  N.  D..  will  vote.  Apr.  28,  on  the 
proposition  to  issue  bonds  for  the  construction  of  an  electric- 
light  plant. 

The  council  has  granted  a  franchise  to  P.  A.  Prisnal  to 
construct   and   operate   an   electric-light   plant   at   Alice,   Tex. 

Press  reports  state  that  plans  are  being  prepared  for  the 
construction  of  a  municipal  electric-light  plant  at  Ephrata, 
Wash.     Estimated  cost,  $10,000. 

Plans  have  been  prepared  by  J.  H.  Cunningham,  engineer, 
for  the  construction  of  a  municipal  electric-light  plant  on  the 
Clackamas      River,      near      Portland,      Ore.        Estimated      cost, 

$2,500,000. 

An  expenditure  of  $15,000  is  planned  bv  the  Pacific  Gas 
&  Electric  Co.  for  the  construction  of  an  addition  to  its  power 
plant  at  First  and  Jefferson  Sts..  Oakland.  Calif.  J.  H.  Hunt, 
San    Francisco,    Calif.,    is   purchasing   agent. 

CAN.\D.V 

Plans  are  being  prepared  for  the  construction  of  a  munici- 
pal electric-light  plant  at  Berwick,  N.  S.  Estimated  cost, 
$15,000. 

Bids  will  be  received  by  M.  Peterson,  secretarv  of  the 
board  of  control,  Winnipeg,  Man.,  until  Mav  15.  for  furnishing 
two  three-phase  generators,  500-kw..  60-cvcle.  BOOO-volt,  for 
the   new   power   plant    at    Point    du    Bois. 


i---/ 
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Firemen — and  Firemen 


r,Y  H.   E.  Hopkins 


(At  the  recent  locomotive  firemen's  hearing  in  New  York  it  was  said  that  firemen  now  work  harder  than  formerly  and 
hundred  mile  run  over  20  tons  of  coal  are  handled;  that  their  clothing  was  scorched  by  the  intense  heat;  that  14  hours  w 
did  more  work  than  the  older  types  many  engineers  were  compelled  to  go  back  to  firing  or  be  laid  off. — News  report.] 


TTTHEX    you're   feelin'    sort   of   peeved 

'  ~    'Bout  the  wages  you  are  gittin', 
An'  you  think  your  lot's  so  tough 

That  y6ur  job  you'll  soon  be  quittin'- 
Ask   the   fireman   on   a    Mallet 

How  his  trick  compares  with  yours. 
Then  you'll  find  what  you  call  tough 

Don't  be  nothin'  else  but  "chores." 

If  you'd  run  a  hundred  mile, 

.\n'  you'd  scooped  up  twenty  ton; 

If  you'd  bucked  a  hu  kin'  fire 
On    a    fourteen-hour    run — 


If  your  overalls  an'  pants 

Was  aburnin'   from   the  heat — 

If  your  feet  was  puffed  an'  blistered 
An'    you   felt   wel  -nigh    dead    beat- 


If  you'd  pulled  old   Ninety's  throttle 

In  her  cab  for  seven  years 
An'  the  Old  Man  laid  you  off — 

Said    that    Mallet    engineers 


Did  the  work  of  two  of  you — 

If    to    lirin'    liack    \-ou    went 
'Cause  'twas  all  that  you  could  get, 

An'  the  wife    the  kids,  the  rent — 

If  just  sixty  bucks  a  month 

Was  the  pay  for  all  this  labor — 
Then!     You'd  have  more  cause  for  grumblin' 

Ain't    I    right   about   it,    neighbor? 
I'm    not    sayin'    both    ain't  hard. 

But  there's  reason  to  be  glad, 
'Slid  of  grouchin'  'bout  your  job. 

When  there's  worse  that  might  be  had. 
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Commonwealth  Edison  Co.'s  New  Station 


SYXOPSIS — A  mammoth  station  which  -will  eventuaUy 
have  a  caiiacity  of  2^0,000  hw.  As  at  the  Fish  St.  sta- 
tion, the  unit  plan  ha^  teen  adopted,  each  unit  consist- 
ing of  ten  B.  £■  W.  boilers  and  one  20,000  kw.  Curtis  tur- 
bine. Two  machines  have  now  been  installed,  and  a-s  the 
load  demands  other  units  tvill  be  added. 

The  newest  geueratiag  plant  of  the  Commonwealth 
Edison  Co.,  of  Chicago,  known  as  the  Xorthwest  Station, 
is  located  on  a  55-acre  tract  of  land  hounded  north  and 
south  by  Addison  and  Eoscoe  Sts.  and  east  and  west  by 
the  north  branch  of  the  Chicago  Eiver  and  Sacramento 
Ave.  and  Xorth  Whipple  St.  Two  blocks  west  the  com- 
pany has  acquired  an  additional  40  acres,  adjoining  the 
tracks  of  the  Chicago  and  Xorthwestern  Ey.,  which  are 
to  be  used  as  the  main  coal-storage  field  for  the  plant. 
The  location  of  the  plant  is  a  logical  one,  as  it  affords 
the  greatest  fuel-delivery  advantages  and  the  best  con- 
densing-water  supply  compatible  with  moderate  real-estate 
values  and  economical  distribution  of  current. 

A   private   electrically   operated  railway   connects  the 


shown  at  the  left  in  Fig.  1  have  been  completed  and  two 
20,000-kw.  Curtis  vertical  turbo-generators  with  the  re> 
quired  boilers  and  auxiliaries  have  been  installed  and  are 
now  in  service.  The  present  plans  provide  for  six  such 
units  in  each  generator  house,  but,  due  to  the  remarkable 
and  rapid  progress  being  made  in  the  design  of  prime 
movers,  it  is  quite  likely  that  the  completed  plant  will  be 
considerably  different  fi'om  that  for  which  the  plans  now 
provide.  The  station  is  laid  out  on  a  unit  system  closeh' 
similar  to  that  employed  at  the  company's  Fisk  St.  plant. 
Each  turbine  is  served  by  its  own  group  of  10  boilers, 
which  lie  in  a  row  at  right  angles  to  the  longitudinal  cen- 
ter line  of  the  generator  house,  as  shown  in  Fig.  4,  which 
is  a  plan  of  the  partly  completed. station  and  the  existing 
equipment.  The  boilers  for  units  Xos.  1  and  2,  3  and  4 
and  5  and  6  face  each  other  acro-ss  a  wide  firing  aisle, 
as  shown  in  Fig.  2,  so  that  one  crew  of  firemen  and  water 
lenders  can  take  care  of  two  groups. 

Each  boiler  is  capable  of  economically  generating  30,- 
000  lb.  of  steam  per  hour.  Thus,  each  group  is  ample 
to  supply  its  generator  under  maximum  load  and  still 


Fig.  1.  Architect's  Layout  of  the  Xew  Xoktiiwest  Station 


Xorthwestern  tracks,  the  main  coal-storage  field  and  the 
power  houses  themselves.  Sixty-ton  electric  locomotives, 
furnished  by  the  General  Electric  Co.  and  of  the  same 
t^-pe  as  those  employed  by  the  Xew  York  Central  E.E. 
for  suburban  work  at  Xew  York  City,  are  used  for  haul- 
ing in  the  coal  cars  and  switching  them  about  the  prop- 
erty. 

As  a  precaution  against  complete  interruption  of  ser- 
vice, the  station  will  be  divided  into  two  groups  of  build- 
ings with  an  ultimate  capacity  of  120,000  kw.  each.  Fig. 
1  shows  how  they  have  been  laid  out.  The  low  buildings 
at  the  front  of  each  group  are  for  the  transformers,  high- 
tension  busbars  and  oil  switches.  These  connect  through  a 
covered  passageway  with  the  generator  house  and  beyond 
the  latter  is  the  boiler  house.  Between  the  two  groups 
"svill  be  two  coal  piles,  each  served  by  a  gantry  crane  hav- 
ing  a    26.5-ft.    spaa. 

At  present  only  two-thirds  of  the  group  of  buildings 


be  large  enough  to  spare  a  boiler  for  cleaning  or  repairs. 
The  boilers  are  of  the  standard  B.  &  AV.  design  and  each 
contains  5800  sq.ft.  of  heatmg  surface.  The  superheat- 
ers, located  between  the  first  ard  second  pass,  are  also 
of  the  standard  B.  &  W.  design. 

The  boilers  are  .set  with  a  high-combustion  chamber. 
The  coal  is  burned  on  B.  &  W.  chain  grates,  which  have 
an  area  of  115  sq.ft.,  giving  a  ratio  of  grate  surface  to 
heating  surface  of  1  to  50.4.  Steam  is  generated  at  250 
11).  pressure  and  superheated  185  deg.  F.  Each  group  of 
boilers  is  served  by  its  own  steel  stack,  250  ft.  high,  above 
the  boiler-room  floor,  by  17  ft.  inside  diameter. 

One  separate  and  complete  coal-handling  system  is  em.- 
ployed  for  each  two  groups  of  boilers.  Coal  either  direct 
from  the  mine  or  from  the  company's  coal-storage  piles 
is  run  into  the  boiler  house  in  cars  at  grade  level  un- 
derneath the  fire-room  floor,  the  latter  being  some  22 
ft.  above  the  ground^ne.     The  two  tracks  provided,  as 
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Fio.  ;;.  The  'I'wo  20,00()-Kw.  Six-Stake  Cruris  Tihhinks  and  Auxiliaries 
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sliown  in  Fig.  G,  bring  the  rar?  directly  over  a  re  in  forced - 
concrete  hopper  and  tluis  the  dumping  type  of  car  can 
be  unloaded  into  the  hopper  direct.  The  noudum])ing 
cars  are  uidoaded  by  a  traveling  crane  and  a  3-cu.yd 
clam-shell  bucket  which  drops  the  coal  through  an  open- 
ing provided  between  the  tracks.  From  the  receiving 
hopper  the  coal  is  fed  into  a  traveling  crusher  which  runs 
on  tracks  directly  over  the  S-txSG-iu.  buckets  of  a  con- 
veyor. The  conveyor  raises  the  coal  and  deposits  it  in 
overhead  hunkers  located  directly  over  the  firing  aisle,  as 
shown  in  Figs.  2  and  6,  and  from  these  it  is  fed  through 
.spouts  to  the  stoker  hoppers. 

The  fine  coal  which  sifts  through  the  grates  falls 
through  spouts  back  into  the  receiving  hopper  and  is 
again  raised  to  the  overhead  bunkers  by  the  conveyor. 
The  ashes  falling  off  the  end  of  the  chain  grates  are 
caught  in  ash  hoppers  below,  which  have  a  capacity  for 
one  day's  accumulation.  Railroad  cars  for  receiving  the 
ashes  are  run  iu  under  the  lioppers  and  the  latter  are 
emptied  once  each  day. 

The  turbines,  shown  iu  Figs.  3  and  5,  are  of  the  stand- 
ard Curtis  six-stage  vertical  type,  rated  at  20,000  k\v. 
The  speed  is  750  r.p.m.  The  exhaust  steam  drops  di- 
rectly into  a  Worthington  base-type  surface  condenser 
containing  7600  one-inch  tubes,  17  ft.  long,  which  have 
a  cooling  surface  of  32,000  sq.ft.  The  circulating  water 
is  drawn  from  the  Chicago  River  through  the  lower  por- 
tion of  the  double  concrete  tuuuel,  as  shown  iu  Fig.  5, 
and  discharged  through  the  upper  portion  This  tunnel 
is  large  enough  to  .serve  all  six  units  in  the  station.  The 
circulating-water  pump  for  each  unit  is  a  36-in.  volute 
with  a  capacity  of  40,000  gal.  per  min.  against  a  total 
head  of  20  ft.  It  is  driven  by  a  20x30-in.  Corliss  engine 
at  a  speed  of  120  r.p.m.  The  dry-vacuum  pump  is  driven 
by  this  same  engine,  the  cylinder  being  arranged  in  tan- 
dem with  that  of  the  engine.     The  vacuum-pump  cylin- 


Tlie  feed  water  comes  from  the  condenser  at  a  tem- 
perature of  about  75  deg.  F.  and  after  passing  through 
a  closed  heater  located  on  the  turbine  floor  and  sup- 
plied with  the  exhaust  steam  from  all  of  the  steam-driven 


Fig.  5.  Transverse  Section  of  Gexehating  Eooji 

auxiliaries,  is  pumped  to  the  boilers  by  either  of  two 
Worthington  three-stage  centrifugal  pumps  driven  by 
Curtis  horizontal  steam  turbines  running  at  2300  r.p.m 


?0Z'-7" 

Fig.  4.   Plax  View  of  Present  Equipment 


der  is  28x30  in.  in  size.    The  condensed-water  pump  is  a  The  capacity  of  each  pump  is  700  gal.  per  min.     Makeup 

5-in.     Wortliington     horizontal     two-stage      centrifugal  water  supply  is  controlled  by  a  float  valve  iu  the  top  of 

driven  by  a  G.  E.  turbine  and  having  a  capacity  of  660  the  heater, 
gal.   of  water  per  minute.  Steam    is   withdrawn   from    the   boilers    through    6-in 
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extra-hcavv  leads  wliicli  ronneet  with  a  16-iii.  header  for 
each  set  of  boilers.  This  header  is  supported  on  rollers 
in  a  passage  at  the  back  of  and  below  the  boilers,  as 
shown  in  Fig.  7.  An  8-in.  line  connects  the  header  of 
one  unit  with  those  of  the  others  so  that  if  need  be  the 
steam  from  one  group  of  boilers  can  be  supplemented 
with  steam  from   another.      The  blowoff  and   boiler-feed 


The  generator  room  is  finished  in  white  enamel-faced 
brick  and  when  completeil  will  measure  290  ft.  long,  10 
ft.  wide  and  55  ft.  high.  A  UO-ton  Morgan  Engineering 
Co.  crane  spans  the  room  and  a  railroad  track  connecting 
with  the  outside  system  extends  into  the  room  so  that 
new  equipment  literally  can  be  delivered  in  the  station. 

The  weight  of  the  steam  end  of  eat-h  unit  is  300  tons 


O'fy  Da  f  urn 
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])iping  are  also  located  in  the  |)assage  mentioned.  Tlie  .iiid  lliat  o|'  I  he  generator  end  330,  making  a  total  weight 
safety  valves  of  the  boilers  blow  off  tlirough  fi-in.  risers  of  130  tons,  of  wiiieli  100  tons  is  in  the  revolving  ele- 
extending  to  the  roof,  as  shown  in  Fig.  H,  thus  eliminat-  ments  This  great  weight  is  supi)orted  by  the  step  bear- 
ing the  danger  and  discomfort  of  high-pressure  steam  iiig,  tlie  two  valves  of  which  are  kept  apart  from  direct 
discharging  into  tiie  i)oiler  room.  contact  by  oil  forced  into  the  bearing  at  a  jjrcssure  of  800 
The  current  generated  is  three-piiase,  25-cycle  and  4500  lb.  per  si|.in.  to  wliich  the  ptimji  ])ressui'e  of  1300  lb.  is 
\olts.  T(  is  stei)])ed  up  through  autotransformers  to  9000  baffled  d<iwn.  'flie  step  jnimps  are  Worthington.  13  and 
volts   for  delivery   to  the  substations.  3  by   iH-in..   borizonfal.  duiilcx,  double-acting,   bigh-prps- 


592 


r  O  W  E  R 


Vol.  37,  No.  17 


sure  imits.  Floatiug  ou  the  oil  system  is  an  accumulator 
weighted  to  30  tous.  Should  the  accumulator  sink  to  a 
predetermined  le^-el.  owing  to  the  failure  of  the  steam 
pump,  the  auxiliary  pump  is  cut  into  service  auto- 
matically. 

Forced  ventilation  of  the  generator  parts  is  provided  hy 
a  fan  mounted  ou  the  main  shaft  above  the  generator. 
The  air  for  this  purpose  is  drawn  from  the  outside  of 
the  building  through  a  duct. 

In  the  completed  station  there  will  be  four  exciters, 
two  of  300  kw.  capacity  each,  driven  by  Curtis  horizontal 
two-stage  turbines  running  at  1500  r.p.m.  and  generating 
current  at  125  volts  and  two  of  200  kw.  capacity  each. 
driven  by  alternating-current  motors  at  750  r.p.m  In 
addition  there  will  be  two  70-cell  storage  batteries,  each 
with  1000  amp.-hr.  capacity. 

The  operating  gallery  is  located  in  a  bay  projecting  in- 
to the  turbine  room,  and  from  here  the  operator  has  a 
clear  view  of  the  entire  turbine-room  floor.  The  gen- 
erator-control switches  are  mounted  on  a  bench  board. 
Fig.  9,  and  the  line-control  switches  and  all  instruments 
are  mounted  on  vertical  slabs  above  the  bench  board. 

With  the  advent  of  the  high-speed  turbine  it  was  found 
possible  to  build  a  generator  whose  reactance  was  only  one- 
fourth  or  one-fifth  of  that  of  the  lower-speed  reciprocat- 
ing-engine-driven generators.  This  was  thought  to  be  a 
highly  desirable  improvement  and  the  utmost  advantage 
was  taken  of  the  new  design  to  keep  the  reactance  as  low 
as  possible ;  but  when  such  generators  of  large  sizes  were 
built  and  connected  to  a  common  set  of  busbars,  it  was 


Fig. 


Main  Sii:a_m  lli;Aiii:i:  and  Hoiler  Connections 


found  that  nearly  the  whole  energy  stored  in  the  high- 
speed revolving  masses  would  be  instantly  hurled  into  any 
near-by  short-circuit  which  occurred,  the  energy  output 
of  the  machines  for  the  moment  being  perhaps  twenty 
times  normal. 


Fig.  8.  View  on  Top  of  Boilers 
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Such  violent  surges  were  so  destructive  to  generators, 
switches,  busbars,  line  and  connected  apparatus  that  it 
was  found  necessary  to  restore  to  the  circuit  nearly  as 
much  reactance  as  had  been  gladly  eliminated.  In  the 
case  of  the  Fisk  St.  machines  this  was  accomplished  by 
installing  in  each  of  the  three  armature  leads  to  the  bus- 
iiar  a  6  per  cent,  reactance — that  is,  a  coil  of  cable  sup- 
ported on  a  concrete  and  wood  frame,  whose  choking  ef- 
fect, together  with  the  2  per  cent,  reactance  in  the  gen- 
erator, at  the  full  load  of  the  generator,  is  equal  to  8  per 
cent,  of  the  voltage  generated.  This  effect,  which  is  un- 
objectionable at  normal  loads,  increases  with  the  square 
of  the  current  flowing  and,  therefore,  in  times  of  trouble, 
affords  protection  which  is  ample  and  at  the  same  time 
automatic.  In  fact,  one  of  the  13,000-kw.  Fisk  St.  gen- 
erators was  repeatedly  short-circuited  through  a  set  of 
these  reactances  without  harm  to  generator  or  coil. 

At  the  Northwest  station  the  additional  reactance 
needed  was  introduced  into  the  circuit  in  the  autotrans- 
formers,  which  step  up  the  pressure  from  the  machine 
voltage  of  4500  to  the  system  voltage  of  9000.  These 
transformers  are  installed  in  a  separate  building  between 
the  turbine  room  and  the  switch  house. 

Each  transformer  is  installed  in  a  separate  fireproof 
compartment  and  is  of  3333  kv.-a.  capacity.  They  are 
water  and  oil  cooled  and  contain  1700  gal.  of  oil.  Water 
is  circulated  through  pipes  immersed  in  the  oil  at  a  rate 
of  161^  gal.  per  min.  Each  tank  has  an  emergency 
drain,  by  means  of  which  it  can  be  emptied  of  oil  in  a 
short  time.  The  efficiency  of  these  transformers  is  99.4 
I  per  cent,  at  half  load  and  99.3  per  cent,  at  full  load. 
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They  are  13  ft.  high,  9  ft.  long  and  ',  It.  wide  and  weigli, 
with  the  oil,  25  tons. 

To  the  east  of  tiie  transformer  house  is  the  switch 
liou.se,  a  three-story  building  containing  all  the  oil 
switches,  high-tension  busbars  and  instrument  trans- 
formers. On  the  first  floor  the  busi)ars,  cables,  bells  and 
generator  leads  are  installed.  The  line  and  generator 
busbars  run  east  and  west,  and  the  main  and  auxiliary 
busbars  north  and  south. 

The  second  floor  contains  the  oil  switclu's.  the  ])ots  of 
which  are  built  in  a  single  row  instead  of  a  double  row, 
which  iirraiigcment  provides  greater  safety,  in  that  each 
oil  pot  is  .sejjarated  from  the  adjoining  one  by  a  concrete 
parlition.  Xineteen  switches  are  ])rovided  for  each  null, 
nine  of  whidi  are  !>us  and  lie  swilchcs.  and  two  gcncrntor 
<  witches. 


Abadie  Indicator  Coupling 

This  device  consists  of  a  hollow,  cylindrical  body,  fitted 
with  a  setscrew  on  one  end  to  attach  to  a  pin  screwed  in- 
to the  engine-crosshead  wristpin.  The  cylindrical  body 
is  made  in  two  sections,  joined  in  line  with  each  other 
by  two  pins.  The  two  sections  are  also  separated 
by  two  guide  plates,  bent  outw^ard  at  the  outer  end  to 
guide  the  hooking-on  member,  which  is  attached  to  the 
nidicator  cord.  The  outer  part  of  the  crosshead  member 
is  fitted  with  a  fiber  plunger  operated  by  a  lever;  this 
is  to  clamp  the  hook  member  in  place  to  prevent  endwise 
movement. 

The  hook  member  is  of  double  fiber  strijM  with  a  metal 
hook  pivoted  at  one  end  between  the  sicle  pieces.  The 
hook  is  made  with  a  trigger  against  which  the  forefinger 
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rests  when  attaching  the  hook.  A  crosspiece,  or  releasing 
trigger,  is  also  fitted  in  the  body  of  the  hooking  mem- 
ber, which,  when  pressed  forward,  lifts  the  hook,  disen- 
gaging it  from  the  pin  of  the  crosshead  member.  The 
details  of  the  device  are  shown  in  the  accompanying  il- 
lustration. 

When  attaching,  the  plunger  is  raised  by  tipping  the 
plunger  lever.  Then  the  hook  part  of  the  coupling  is 
loosely  held  between  the  forefinger  and  the  thumb,  let- 
ting the  hook  trigger  act  as  a  shoulder  against  the  finger 
or  thumb.  It  is  then  advanced  in  line  with  the  cross- 
head  pin  until  the  hook  just  touches  the  pin  in  the  main 
member;  then,  by  advancing  it  suddenly  about  one-fourth 
inch,  the  hook  engages.  Then  the  plunger  lever  is  tripped 
l>ack  and  a  diagram  taken. 

When  detaching,  the  plunger  is  raised  by  tipping  the 
plunger  lever  in  the  opposite  direction.  The  cord  is 
straddled  with  tw-o  fingers,  which  are  advanced  until  the 
releasing  trigger  is  felt;  then  by  advancing  the  hand  one- 
fourth  inch,  the  hook  is  released,  as  the  trip  trigger  comes 
in  contact  with  the  fingers. 

The  device  is  the  iinention  of  Louis  .Miadie,  Abbe- 
ville, T.n. 


The  college  graduate  is  often  alarmid  :it  thi'  .suceoss  of 
thi-  practical  engineer  wlio  never  wiiit  beyond  llie  Krammar 
schools  while  the  college  graduate,  with  medal-s  galore,  is 
Htm  struggling  in  the  ranks.  The  answer  is  found  in  the 
breadth  of  Imagination,  safe  Intuition  and  well-balanced 
Judgment  of  the  man  who  has  been  treading  the  practical 
paths. — "California  Journal   of  Technology." 

The  construction  of  a  dam  and  power  plant  on  the  Chelan 
Itlver.  in  Washington,  to  cost  more  than  $10.(100.000.  Is  planned 
l.v  the  Ori-a't  Northern  R.R.  Th«  road  Inti'nds  to  propel  its 
trains    over   the   Cascades    by    electricity. 
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Troublesome  Condensing  System 


By  E.  H.  Lane 


SYXOPSTS — Piping  the  siphon  of  each  condenser  to  a 
common  pipe  equalized  the  water  presmre  and  a  check 
valve  eliminated  a  troublesome  water-hammer.  Cross-con- 
necting the  water-supply  pipes  to  tlie  condensers  reduced 
the  number  of  circulating  pumps  operated  before  the 
change   was   made. 

Several  years  ago  a  large  power  hou.«e  was  built  having 
a  coudensiiig  system  consisting  of  surface  condenser.-^ 
A  pump  house  was  built  at  the  river  bank,  about  2000 
ft.  distant.  The  pumps  were  of  the  single-stage,  cen- 
trifugal, vertical  type  and  were  driven  by  induction 
motors.  Heuce,  the  speed  and  the  head  of  water  main- 
tained were  fixed,  varying  only  with  the  .stage  of  water  in 
the  river. 

The  first  pump  installation  consisted  of  four  pumps, 
one  having  a  capacity  of  4000  gal.  per  miu.,  and  three 
of  6000  gal.  The  three  condensers  each  contained  10,000 
sq.ft.  of  heating  surface. 

The  pump  house  was  connected  to  the  ])owcr  house  by 
a  18-in.  water  line,  running  gradually  up  hill  until  the 
center  of  the  pipe  reached  an  elevation  of  about  31  ft. 
It  then  dropped  gradually  into  the  building,  the  center 
line  of  the  pipe  in  the  house  being  at  an  elevation  of  22 
ft.  The  top  of  the  condensers  was  at  an  elevation  of 
about  27  ft.  and  the  water  was  connected  at  the  bottom  of 
the  condensers,  as  shown  at  A  in  the  illustration.  The 
outlet  was  at  the  top  at  B  and  the  overflow  pipe  C 
dropped  about  10  ft.  and  entered  the  sewer  D  from  the 
under  side,  as  shown.  This  gave  the  condenser  the  bene- 
fit of  about  10  ft.  of  siphon  effect. 

Starting  the  Conde.nser 

In  starting  the  plant  it  was  customary  to  keep  enough 
pumps  running  to  maintain  a  sufficient  head  so  that  the 
water  would  pass  through  the  condensers  by  virtue  of 
the  head  in  the  pipe.  When  more  water  was  used  it 
became  necessary  to  utilize  the  siphon  effect  of  the  tail 
pipe  and  it  was  found  that  one  pump  would  supply  the 
necessary  water,  as  the  effect  of  the  10-ft.  siphon  was  the 
equivalent  of  10  ft.  more  head  with  no  additional  work 
on  the  pump.  In  operation,  however,  everything  would 
run  nicely  for  a  while  when  one  condenser  would  take 
all  of  the  water  and  the  other  condenser  would  lose 
the  vacuum  and  the  exhaust  would  go  to  the  atmosphere. 
Then  it  was  necessary  to  throttle  the  water  on  the  con- 
denser in  service  and  raise  the  head  enough  to  start  the 
water  through  the  other  condenser. 

Usually  when  the  water  got  started  through  tlie  hot 
condenser  a  terrific  water-hammer  was  set  up  in  the 
.siphon  outlet  and  if  a  fitting  was  not  split  during,  the 
ordeal,  the  condenser  would  take  all  of  the  water  as  the 
circulating-water  valve  would  be  open  more  than  the 
other  and  sometimes  the  conden.ser  with  the  valve  throt- 
tled down  would  lose  its  vacuum. 

Chaxges  Made 
It  did  not  take  as  long  to  overcome  this  trouble  as  it 
did  for  the  chief  to  figure  out  how  to  do  the  jol).     The 
overflow  or  siphon  of  each  condenser  was  simply   con- 
nected with   a   2-in.  pipe,  with  a  valve  E  at  each  con- 


nection, so  that  now  the  siphon  ell'ect  on  each  condenser 
is  the  same,  as  the  pressures  are  equalized  by  this  pipe 
and  the  quantity  of  water  is  regulated  by  the  head  or 
inlet  valve. 

The  water-hammer  was  stopjjcd  by  putting  a  check 
valve  /•'  at  the  outlet  of  each  condenser  at  the  highest 
point,  the  check  opening  outward  so  that  when  more 
steam  or  air  gets  into  the  siphon  than  the  equalizer  can 
take  care  of.  it  lil(iw>  dut  o(  the  check.  To  start  the 
water  through  a  dead  condenser,  the  inlet  valve  is  opened 
the  same  amount  as  when  running,  and  then  the  valve  in 
the  2-in.  equalizing  pipe  is  opened.  The  water  will  then 
go  through  the  condenser  just  as  if  the  equivalent  of 
the  siphon  effect  in  the  head  was  added  to  the  inlet  side 
of  the  condenser.  The  condensers  were  of  the  single- 
pass  type ;  that  is,  the  water  passed  through  them  once 
and  then  to  the  sewer. 

It  was  found,  that,  owing  to  the  slow  velocity  of  the 
water,  mud  and  sand  would  accumulate  in  the  tubes  and 
it  was  not  long  before  there  was  trouble.     The  chief  put 


Pump,  Piping  and  Details  of  Condenser 
Installatiox 

baffles-plati's  in  the  water  boxes  of  the  condenser  and 
nuide  each  condenser  a  three-pass  unit.  Thus  the  same 
quantity  of  water,  to  get  through  the  condensers,  had 
to  travel  at  three  times  its  former  velocity  and  this  made 
them  better  condensers. 

Everything  seemed  to  be  all  right  and  the  i-hief  thought 
he  had  the  condensers  aniliored  and  grouted. 

Decreasicd  Water  Supply 

About  this  time  the  river  itegan  to  fall  and  the  pumps 
obtained  water  by  suction  with  the  usual  attendant  air 
leaks.  It  was  then  necessary  to  run  all  of  the  pumps  to 
supply  the  condensers  with  water.  While  the  drop  in  the 
river  level  would  necessarily  decrease  the  quantity  of 
water  pumped,  the  head  at  the  pump  house  continued 
to  increase  and  the  head  at  the  plant  to  decrease. 

Finally,  the  chief  drilled  and  tapped  a  hole  for  1- 
in.  pipe  in  the  highest  point  in  the  48-in.  pump  liiu' 
and  considerable  air  escaped.  At  the  same  time  the 
head  at  the  pump  house  decreased  and  the  head  at  the 
power  house  increased  until  finally  one  pump  would  sup 
ply  the  condensers  with  cooling  water.  .\  1-in.  line  wns 
run  from  the  top  in  the  48-in.  line  at  fl  and  was  con- 
nected to  the  8-in.  equalizer  line  between  tlie  condenser-. 
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A  comiectioii  was  also  made  to  one  of  the  eomlenser  air 
pumps  so  that  any  excess  air  i-ould  l:)e  qiiicklv  taken 
care  of. 

It  will  be  readily  seen  that  all  air  discharged  from  the 
centrifugal  pumps  would  naturally  accumulate  in  the 
highest  point  of  the  48-iu.  line  at  H.  The  only  way  to 
get  rid  of  the  air  would  be  to  draw  it  out  from  the  high 
point  or  get  enough  head  at  the  pump  house  to  com- 
press it  and  drive  it  down  through  the  22-it.  elevation 
and  out  through  the  condensers,  which  would  be  prac- 
tically impo.ssible  at  the  low  stage  of  the  river.  Why  the 
trouble  happened  at  the  low  stage  was  probably  because 
the  pumps  leaked  more  air  with  a  long  suction  lift  than 
otherwise,  also  that  the  head  was  insufficient  to  drive  it 
out. 

MoiiK  TuorHLE 

Everytlr'ng  seemed  to  lie  all  right  and  there  was  no 
more  trouble  until  la.«t  winter,  when  the  river  got  low 
again  and  there  began  to  be  a  ditt'erenee  of  from  4  to  10 
ft.  in  the  water  head  of  the  pump  house  and  the  power- 
house head.  The  1-in.  air  line  was  tested  and  as  it  was 
apparently  open  it  was  naturally  concluded  that  it  was 
a  friction  head,  becau.se  the  itump  house  had  now  to 
supply  water  for  nine  condensers  of  10,000  .sq.ft.  of  heat- 
ing surface,  take  care  of  33,000-kw.  load,  and  run  one 
4000-gal.,  three  6000-gal.  and  two  10,000-gal.  pumps. 

Under  these  conditions  the  head  at  the  pump  house 
was  34  ft.  and  at  the  plant  25  ft.  As  a  new  48-in.  line 
was  being  installed  alongside  of  the  old,  the  2-in.  air  line 
was  run  fronr  the  pump  in  the  new  line  and  connected 
to  the  equalizer  line  in  the  house  by  the  pipe  J.  At  the 
same  time  it  was  thought  best  to  run  a  IV^-iii.  line  over 
to  the  old  48-in.  line,  as  perhaps  the  1-in.  line  was  a 
trifle   small. 

]jV>s  Pi'jii's  l.'i:(;rii;i:i) 

As  .soon  as  the  li/4-iu.  line  was  connected  it  was  found 
that  two  COOO-gal.  and  one  10.000-gal.  pumps  would 
maintain  a  28-ft.  head  at  the  power  house,  and  only  31 
ft.  at  the  pump  house,  thus  increasing  the  capacity  of 
the  pumps  that  much  and  supplying  nine  condensers. 

Apparently  the  pump-house  ])ower  consumption  had 
been  cut  in  two.  but  such  was  iu)t  the  case.  .V  certain 
amount  of  water  was  pumped  before  and  the  same  amount 
is  being  pumped  now,  therefore,  the  foot-pound.s  of  work 
done  is  the  same.  The  accumulation  of  air  in  Ihe  hump 
of  the  discharge  pipe  was  only  tlic  (M|ui\;ilciit  <ir  a  IS- 
in.  valve  shut  just  about  so  much,  and  it  is  one  of  the 
characteristics  of  centrifugal  jjumjis  that,  as  tljc  discharge 
pipe  is  ciioked  off,  the  work  of  the  i)um|)  decreases.  Thus 
the  work  done  in  cither  case  was  about  the  same,  except 
that,  since  the  discharge  wa.s  partially  closed  by  this  air, 
if  was  necessary  to  run  more  pumps  to  maintain  the  head 
at  the  power  hou.se.  Conversely  if  the  river  gets  high,  a 
little  throttling  on  the  discharge  at  the  power  house  is 
necessary  or  the  pumps  would  take  on  enough  work  to 
daniaife  the  motors. 


Till-  Flowi- 
lormc'l  In  I.dii 
by  III!  criKlncs 
6n0O    tons    for 


■  Molnr  .Ship  Co..  LtO.,  a  $5,000,000  company 
Ion  to  operate  Hnes  of  cargp  vessels  propelled 
.  ha.s  already  placed  contracts  for  vessels  of 
carRo    only    at    present,    and    cotilemplatea    thu 


New  Bundy  Tilting  Hot-Water  Pump 

This  new  hot-water  pump  is  designed  to  handle  water 
of  condensation  at  a  very  high  temperature,  and  at  the 
rate  of  approximately  2  ft.  for  each  pound  of  steam  pres- 
sure admitted  to  the  bowl. 


Fig.  1.   BuKDY  Tiltixo  Phmp  and  Tank  Connections 

When  piped,  as  shown  in  Fig.  1.  condensation  may  be 
taken  from  exhaust-steam  lines,  returning  at  atmosphere 
or  below,  and  raised  to  any  height,  discharging  into  a 
receiver,  heater,  hotwell  (jr  to  a  boiler  return  trap. 
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establlahinent    of    reKular    sailings    as    soon    as    the 
ready. 


boats    are 


'I'liis  pump  trap  is  also  a(laplabl(>  to  picking  u|i  water 
from  c(hIs  or  other  condensing  .surface  located  at  a  dis- 
tance from,  and  ictiirning  it  back  to  thcboiler  room.  It 
is  best    to   place  a  receiver,   in   which   the  water  collects. 
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above  the  trap,  as  the  water  will  flow  to  the  pump  trap. 

The  pump  trap  is  designed  as  sho^\Ta  in  Fig.  2.  The 
yoke,  usual  on  tank  and  return  traps,  is  made  with  an 
e.xteusiou  on  the  upper  side,  so  that  the  yoke  approaches 
a  ring  in  shape,  as  shown  in  the  semi-sectional  view,  Fig. 
3.  The  upper  section  of  the  yoke  is  connected  to  a  dis- 
charge valve  operated  by  the  tilting  of  the  bowl  in  unison 
with  the  lower,  or  steam  valve.  The  latter  has  a  vent,  as 
shown  in  Fig.  2.  Eeferring  to  Fig.  3,  water  en- 
ters the  trunnion  A  in  the  direction  of  the  long  arrow. 
Live  steain  is  admitted  to  the  bowl  through  the  valve  (' 
and  the  left-hand  passage  of  the  hollow  trunnion.  The 
discharge  water  passes  from  the  right-hand  trunnion  in 
the  direction  of  the  short  arrows  to  the  discharge  valve  B , 
the  same  trunnion  is  used  for  the  inlet  and  discharge 
water. 

The  operation  of  the  pump  trap  is  understood  by  re- 
ferring to  the  pipe  connections  in  Fig.  1.  The  water  to 
be  handled  by  the  pump  trap  is  returned  to  the  recei^'er 
and  flows  by  gravity  to  the  bowl  of  the  trap  through  the 
check  valve.  When  the  bowl  is  full  of  water  it  tilts  to 
its  lowest  position,  which  action  opens  the  steam  and 
discharge  valves.  Live  steam,  therefore,  rushes  into  the 
bowl  and  the  water,  being  under  steam  pressure,  is  forced 
out  through  the  inlet  passage,  but,  being  prevented  from 
returning  to  the  receiver  by  the  check  valve,  passes 
through  the  upper  part  of  the  yoke,  the  discharge  valve 
and  the  discharge  pipe. 

As  soon  as  the  water  has  been  discharged  from  the 
bowl  the  weight  brings  it  back  to  the  filling  position, 
which  action  closes  the  steam  and  discharge  valves,  when 
the  cycle  of  filling  and  discharging  is  repeated. 

This  pump  trap  is  manufactured  by  the  jSTashua  Ma- 
chinei  Co.,.127  Federal  St.,  Boston,  Mass. 


Power  Plant  Log  Calculator 


Fig.  3.   Arkaxg 


By    ^\'ALTEE    X.    POLAKOV 


SYNOPSIS — The    construction   of   the   calculator 
full  directions  for-its  use. 


with 


Several  years  ago,  when  consulting  engineer  to  the 
Board  of  Estimate  and  Apportionment  of  the  City  of 
New  York,  I  was  confronted  with  the  problem  to  de- 
velop a  quick  and  reliable  method  of  figuring  the  results 
of  boiler  trials,  efficiency  of  operation  and  cost  from 
daily  plant  logs.  The  result  was  the  calculator  illustrated 
herewith. 

The  instrument  consists  of  a  logarithmically  divided 
disk  (inner  scale)  centrally  revolving  on  a  similarly 
divided  dial  (outer  scale).  The  divisions  are  from  1  to 
10  and  any  multiple  of  10.  Additional  graduations 
are  made  for  constants  for  the  determination  of  the  ther- 
mal efficiency  when  fuel  of  different  heat  value  is  used. 
On  the  outer  scale  of  the  dial  graduations  are  made 
which  are  constants  for  the  determination  of  the  cost  of 
fuel  for  the  generation  of  1000  lb.  of  equivalent  steam. 
They  are  based  on  the  cost  of  1,000,000  B.t.u.  Equiva- 
lents for  ready  interpretation  of  horsepower  and  kilowatts 
in  heat  units  and  cubic  feet  of  water  at  various  tempera- 

•Copyrig-htea.    1913.    by   V\^alter    N.    Polakov. 


tures  into  pounds  are  also  marked  on  the  disk  and  dial. 
In  the  center  of  the  disk  is  a  diagram  for  the  determina- 
tion of  the  factor  of  evaporation  for  saturated  dry  steam. 
Instructions  for  the  use  of  the  chart  follow: 

W' eight  of  Feed  Water — Set  lOB  opposite  the  Wilcox 
water  meter  reading  found  on  the  dial.  The  result  in 
pounds  appears  on  the  dial  opposite  the  feed  temperature 
marked  on  the  disk. 

Cubic  Feet  into  Gallons — Set  lOB  opposite  the  number 
of  cubic  feet  on  the  dial.  The  result  in  pounds  appears 
on  the  dial  opposite  the  observed  temperature. 

Steam  Consumption  per  Kilowatt-hour  or  Horsepoiuer- 
liour — Set  the  kilowatts  or  horsepowers  of  output  on  the 
disk  opposite  the  number  of  pounds  of  steam  consumed, 
read  on  the  dial.  The  result  in  pounds  per  kilowatt  or 
liorsepower-hour  appears  on  the  dial  opposite  lOB  of  the 
disk. 

Fuel  per  Unit  of  Output — Same  method  as  above. 

Actual  Evaporation — Set  the  number  of  pounds  of 
fuel,  read  on  disk,  opposite  the  number  of  pounds  of 
water  evaporated,  on  the  dial.  The  result  appears  on  the 
dial  over  lOB  of  the  disk. 

Factor  of  Evaporation — -Find  feed-water  temperature 
at  the  left  of  the  diagram  in  the  center  of  tlie  chart  and 
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follow  the  horizontal  line  to  its  intersection  with  the 
diagonal  line  representing  gage  pressure ;  then  follow  the 
vertical  line  down  and  read  the  factor  of  evaporation  at 
the  bottom. 

Equivalent  Evaporation — Set  lOB  of  the  disk  opposite 
the  factor  of  evaporation  number  on  the  dial.  The  re- 
sult appears  on  the  dial  opposite  the  actual  evapora- 
tion number  on  the  disk. 

Efficienry  of  Boiler  and  Grate — Set  the  heat-value  fac- 
tor (British  thermal  units  per  pound  of  fuel)  shown  on 
the  disk  opposite  lOA  on  the  dial.     The  result  appears 


Load  Factor — Set  the  number  of  kilowatts  in  the  peak 
power  load  on  the  disk  opposite  the  number  of  average 
power  read  on  the  dial.  The  result  appears  on  the  dial 
opposite  lOB. 

Thermal  Efficiency  of  the  117(o/p  Plant— Set  lOB  of 
the  disk  opposite  the  constant  for  kilowatts  or  horse- 
power printed  on  dial.  Note  the  point  on  the  dial  op- 
posite the  output  number  on  the  disk.  Set  the  disk's 
figure  of  pounds  of  fuel  consumed  under  previously  lo- 
cated point  on  dial  opposite  lOB.  Set  again  the-  disk 
so  that  opposite  the  point  thus  found  will  be  the  number 


on   the  dial  opposite  the  equivalenl   ova])()ratiiiii    niimljcr 
on  the  disk. 

I'o-st  of  1000  lb.  of  Equivaleht  Steam — Set  the  observed 
elliciency  Jiumber  on  the  disk  opposite  the  cost  of  one 
million  British  thermal  units  in  tlie  shape  of  fuel  shown 
on  the  outer  scale  of  the  dial  ( ,vhich  is  designated  for 
calculation  of  cost,  but  does  not  show  the  cost).  The 
result  appears  in  cents  on  the  dial  opposite  lOB. 


of  British  Ihcnnal  units  ])er  [lounil  of  fuel  used.  Do  not 
use  constants  for  liu'  determination  of  boiler  eflficicncy. 
The  result  api)ears  on  the  dial  opposite  the  lOB  mark. 

Use  as  Slide  Rule — .\ny  multiidication  can  he  made 
following  the  rule  for  determination  of  equivalent  evap- 
oration and  division  by  following  the  rule  for  load  factor. 
.Ml  these  calculations  and  others  not  mentioned  can  be 
made  quickly  and  accurately  with  the  calculator. 


598 


POWER 


Vol.  37,  No.  17 


Novel  Reducing  Gear 

To  avoid  the  excessive  stress  set  u})  iu  tlie  teeth  of 
siugle-reihiction  gearing  and  to  balance  the  thrust  on  the 
driving  and  driven  shafts,  C.  H.  Clark,  of  Xew  York 
City,  has  invented  the  reducing  gear  illustrated  herewith. 
It  is  adapted  for  making  a  large  change  in  the  rotative 
speed  where  considerable  amounts  of  power  are  involved. 

The  pinion  A  on  the  power  shaft  is  surrounded  by  sis 
gears  arranged  in  two  planes  in  sets  of  three  and  spaced 
60  deg.  apart.     A  shaft  from  each  of  the  gears  carries 


The  I'omparative  proportions  of  a  single  reduction  of 
^0  to  1  and  the  Clark  system  for  the  same  reduction  is 
shown  in  Fig.  2.  Add  to  a  compact  mechanism  the  elimi- 
nation of  side  thrust,  and  the  nlvantages  may  overbalance 
the  complication  of  the  device. 

The  Geared  Turbine 

111  a  pa[>cr  read  by  C.  \V.  Cairns  Ijcfore  the  Xortheast 
Coast  Institution  of  Engineers  and  Shipbuilders,  states 
Engineering,  the  author  gave  the  results  of  a  carefully 


Fic;.  2.    CoiiPARATivE  Size  of  '^U-to-I    Sixgle- 
Eeductiox  Geak  and  Clark  System 

a  pinion  on  the  opposite  end  and  these  six  pinions  mesh 
with  a  gear  wheel  on  the  driven  shaft. 

Due  to  the  six  contacts  the  same  pinion  on  the  power 
shaft  might  safely  transmit  six  times  the  power,  or  in 
transmitting  the  same  power  its  size  may  be  materially 
reduced.  This  reduction  in  the  size  of  the  primary  pinion 
will  permit  lower  surface  cpeeds,  and  reducing  gears  of 
small  diameter. 


Fio.   1 


Driven  K.vn 


conducted  comparative  trial  of  the  "Cairngowan"  and 
the  '"Cairnross,"  the  former  being  fitted  with  reciprocat- 
ing engines  and  the  other  with  geared  turbines. 

Both  boats  were  370  ft.  long,  51  ft.  beam,  had  approxi- 
mately the  same  lines  and  displaced  about  10,000  tons. 
The  boiler  equipment  in  each  consists  of  three  single- 
ended  boilers,  14.9x10.6  ft.,  having  a  working  pressure 
of  186  lb.  The  •'Cairngowan's"  engine  cylinders  were 
2i,  40  and  66  in.  in  diameter  by  45-in.  stroke,  and  on  a 
36-hr.  test  developed  an  average  of  1790  i.hp.  The  "Cairn- 
ross"  had  a  high-  and  low-pressure  turbine  geared  to  a 
single  main  shaft,  the  reduction  ratio  being  1  to  26.2, 
developing  on  the  test  1570  shaft  horsepower.  The  pro- 
peller speed  of  each  was  approximately  the  same,  or  61.'/ 
r.p.m. 

These  l)oats  were  sent  side  by  side  over  the  same  cour.se 
during  the  36  hours'  trial,  and  the  instructions  were  to 
keep  in  sigjit  of  each  other  during  the  run.  The  "Cairu- 
ross"  consumed  22,000  lb.  of  coal,  the  "Cairngowan"  22,- 
700  lb. 

Actually,  the  turbined  boat  had  a  very  considerable 
re.serve  of  power,  since  the  pressure  at  the  turbine  stop 
valve  was  158  lb.  only,  as  against  175  lb.,  which  was  the 
corresponding  figure  for  the  reciprocating  engine,  and 
lighter  boilers  could  have  accordingly  been  used  for  the 
'"Cairnross"  without  reducing  its  effective  power  below 
that  of  the  "Cairngowan."  As  special  attention  was  paid 
to  having  the  hulls  of  the  two  ships  in  a  similar  state  of 
cleanliness,  the  results  of  these  very  important  and  in- 
teresting trials  may  be  taken  as  conclusive  evidence  of  the 
greater  efficiency  of  the  geared  turbine  as  compared  with 
good  triple-expansion  engines. 
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Primer  of  Electricity 

Bv  (_'i;(  II.  1'.  I'dolv: 

DYXAilO   AND   MOTOI:   A  Itll  ATUK  K   WlXPIXGS 

There  are  two  general  elasses  of  ai'inature  wiiuliugs: 
Drum  and  riug.  The  names  are  due  lo  the  forms  of  the 
cores  on  which  the  windings  were  at  first  used :  the  core 
of  a  drum  armature  consisted  of  thin  disks  of  soft  iron 
mounted  directly  on  the  shaft,  as  in  Fig.  ]yi.  and  the 
core  of  a  ring  armature  was  (and  still  is)  annular,  as 
represented  in  Fig.  153.  Drum  armatures  in  hii>olar  ma- 
chines are  still  of  the  type  illustrated  in  Fig.  152,  but  in 
multipolar  machines  they  are  annular.     The  chief  diifer- 


Fig.  \o2.  Dhu.m  Cokk 


Fig.  153.   Ring  Coi!E 


Fig.  154.  Oxe  foil,  of 

A  lUXG  WlXDIXG 


Fig.  155.  One  Coil  op 
A  Drum  WixnixG 


cnce  between  a  ring  arnialnre  and  a  mult  ipohir  drum 
armature  is  in  the  arrangement  of  llic  winding;  the  wind- 
ings of  all  ring  armatures  encircle  the  single  cross-sec- 
tion of  the  ring,  as  represented  in  Fig.  154.  whereas  all 
drum  windings  embrace  the  entire  core,  regardless  of  its 
form,  as  ilhistrated  elenu^ntarily  in  Fig.  155,  which  re])re- 
sents  a  coil  of  four  turns  on  n  snicHitli  drum  core. 

IJiiig  armatures  lia\c  gone  out  of  use  in  tins  country, 
e.xcept  in  a  few  makes  of  liigli-|K)tential  constant-current 
dynamos  and  some  small  motors.  The  winding  of  this 
tyjie  is  connected  to  the  commutator  as  inilicated  in  Fig. 
15fi,  which  represents  a  winding  of  16  coils,  each  con- 
taining only  one  "turn"  around  the  core  cross-seel  ion. 
'{'he  arrowheads  show  the  direction  of  the  current  and 
the  arrow  A'  indicates  the  direction  of  rotation  necessary 
1r)  cause  the  armature  current  to  flow  a.«i  represented. 
When  the  commutator  bars  connected  to  any  coil  pass 
either  of  the  brushes   (when   in   the  |)osition   shown),  the 


direction  of  the  current  through  that  coil  reverses.  For 
example,  when  the  armature  has  moved  one-sixteenth  of 
a  revolution,  the  coil  .4  will  he  where  the  coil  5  is  and 
the  current  will  flow  through  it  in  the  direction  of  the 
arrow-head  on  the  coil  B. 

Fig.  157  is  a  diagram  of  a  drum  winding  wliidi  is  the 
equivalent  of  the  ring  winding  in  Fig.  156.  As  in  that 
case,  each  coil  consists  of  a  single  "turn"  or  loop,  but 
embracing  the  entire  core  instead  of  one-half  of  it.  There 
are  only  8  commutator  divisions  or  bars,  however,  and  8 
armature  coils,  as  compared  with  16  in  the  other  diagram. 
The  reason  for  this  is  that  in  a  drum  winding  each  "turn" 
(if  a  coil  includes  two  stretches  of  wire  along  the  outer 
face  of  the  armature  core,  whereas  each  turn  of  a  riug 
winding  includes  only  one  wire  lying  along  the  face  of 
the  core;  therefore,  for  the  same  number  of  active  wires 
disposed  around  the  circumference  of  the  core,  and  the 
same  number  of  turns  per  coil,  a  drum  winding  requires 
only  one-half  the  number  of  coils  contained  in  an  equiva- 
lent ring  winding. 


B     A 
Fig.  156.    King  Wixiuxg         F'ig.  15T.    Drim  Wixoixg 
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Left-  Sicie 

Fig.  158.    Names  of  Di!r:u-r'oii.  Parts 

The  rinn  winding  has  thi'ee  seriiuis  disadvantages  in 
eonslruction  as  eom|)ared  with  the  di'um  ty])e:  (1)  'i'he 
coils  cannot  he  wound  and  insulated  individually  withoul, 
making  the  core  in  two  or  more  separal)le  sections,  which 
has  been  tried  out  thoi'ouglily  and  found  impractical;  (2) 
it  is  diilieiilt  to  mount  the  armatuT'i>  accurately  and  se- 
eur(4y  on  the  >haft.  heennse  the  core  is  entirely  covered 
liy  the  wiiiiling;  ( :1 )  the  hihor  of  winding  is  expensive, 
because  the  wire  must  lie  thi-eaded  tbi'ongb  thi'  central 
o])eiiing  of  the  core  fm-  e\ery  turn  in  the  winding.  There 
is  also  the  disadvantage  of  sparking  at  the  brushes  in 
inai'hines  built  to  deliver  heavy  armature  currents,  under 
existing  conditions  of  ]ira(tice  in  design:  but  this  wcnild 
probably  be  reme(lie(|  if  the  me(4uinical  conslruet  inn  were 
siilliciently    "workable"    lo  justify   the    ring   type. 

The  drum  type  of  armature  embodies  the  disa<l vantage 
of  ovcrlai>]iing  coiN  at  both  ends  of  the  core.  'I'his  makes 
it   im]iossible  to  repiiir  a  ilaniiigeil  coil  without   disturbing 
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siivoral  olhtMH  iiiiil  iiImo  iniikoH  it  liofOSHiiry  lo  lake  spuciiil 
prc<'iiut.ioiiK  in  iiisiilaling  (!i(<  ovt-rliippinK  ixiHioiis,  lo 
pn^vciil  cj'o.MxrH  iiclwui-n  adjiidciil  coil  oikIh. 

Kip.  15H  in  a  rolVroucf  diaKram  iiulifatiiiK  llio  luiinos 
of  llif  (lillVi'i'iil  pnrls  of  n  ooil ;  liiose  iiaincs  apply  to  all 
coils  I'or  ilnini  winding!*,  no  tnalk'r  whal  llicir  Foiin  or 
t_V])(!.  Tlir  "oidcn"  of  Uic  coil  arc  the  slraiglil  portions 
whicli  lie  parallel  wilii  the  ainialnrc  siial'l  and  in  which 
llic  cicclroniolivc  force  is  gcncralcd;  llic  "ends"  servo 
]nci(dy  as  eonduddl's  from  one  "side"  of  the  coil  to  liic 
ollior. 

The  principle  on  which  all  modern  drnm  windings  arc 
ionslructed  is  that  tin?  two  sides  of  each  coil  must  pass 
through  maguelie  Holds  of  opi>osite  polarities  at  prnc- 
tiually  the  sumo  timt'.    Fig.  l'>y  illustrates  this  condition 
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I'm.  151).  Hii.Arivi:  KocvrioNs  of  tui:  Sidks  ok  a  Coil, 
Hii'OLAi!  Win  nix « 
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for  a  hipolar  machine  and  Fig.  16(i  is  the  correiipouding 
diagram  for  n  four-pole  uiachine;  in  both  figures  tlie  ar- 
row A'  shows  the  diitH-tiou  of  rotation  and  the  arrow-heads 
imlicntc  the  direction  of  current  flow  in  the  wires.  It  is 
olivious  that  when  one  side  of  the  coil  (Fig.  159)  moves 
from  left  to  right  under  a  north  pole,  the  other  side  moves 
fitun  right  to  left  over  a  soutli  pole:  consequently,  the 
elwtromotive  fori-es  induced  in  the  two  sides  of  the  coil 
by  the  north  anil  south  nuignetic  fluxes  assist  each  other 
in  forcittg  currt>nt  through  the  coil.  Xote  that  motion 
by  a  coruiuitor  fnun  left  to  right  under  a  magnet  pole 
ind«ei>s  ele<tivmotive  force  in  the  sjune  direction  as  mo- 
tion from  right  to  left  oi'er  that  same  pole  or  one  of  the 
stime  polarity. 

If  one  side  of  tlie  coil  in  Fig.  159  were  located  at  n,  90 
deg.  distant  from  the  other  side,  it  \rould  be  idle  while  the 


other  side  was  active,  and  tin;  coil  would  generate  o/ily 
(jne-hair  tlic  normal  (iiectromotivo  force,  if  the  coil  in 
l''ig.  1(!()  W(;re  jilaced  on  the  core  with  its  sides  at  ofi- 
posite  diiimetcjrs  iiislcad  of  at  points  !)()  dog.  apart,  the 
electromotive  forceps  induccrl  in  tli(!  two  sides  of  the  coil 
woidd  opp()se  each  Dlhcr  iinil,  as  a  result,  no  current 
would  How. 

In  large  machines,  the  armaturt!  coils  usually  consist 
of  one  turn  each,  fonning  a  sim[)l('  loop.  In  most  other 
machines,  each  armature  coil  contains  several  turns  of 
wire.  Fig.  101  represents  a  one-turn  "la|)-win(ling"  coil, 
Fig.  KW  a  one-turn  "wave-winding"  coil  and  Fig.  ]0;5  a 
"wave-winding"  coil  of  three  turns.  The  terms  "lap- 
winding"  ami  "wave-winding"  refer  to  the  manner  (jf 
connecting  the  coils  to  the  commutator;  there  is  no  es- 
sential dilVcrence  lietwecMi  the  coils  themselves  except  in 
llic  disposition  ol'  the  term  inn  is  wlici-c  llicy  lend  out  from 
llic   coil. 


\ 
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Fig.  HJl.    .\  Onk-Tikn  LAP-WixniNo  Coil.    Fig.  162. 

A  0.\i:-Tri!N   \\Avi;-\ViNni\(;  Con,.     Fig.   163.    A 

TiiHKK-TiiiN  Wavk-Wi.ndixo  Coil 
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Fig.  IGI.  Three  One-Turn  Lap-Coxkected  Coils  Laid 
Our  Flat.    Fig.  165.   FoiR  One-Turx  Wave- 
Connected  Coils  Laid  Out  Flat 

The  terminals  of  a  lap-winding  coil  are  brought 
out  as  close  together  as  practicable  and  those  of  a 
wave-winding  coil  are  brought  out  as  far  apart 
as  ])racticable.  The  reason  for  this  is  that  the 
leads  of  the  lap-winding  coil  are  connected  to 
commutator  bars  which  are  close  together — usually  next 
to  each  other — and  those  of  the  wave-winding  coil  are 
connected  to  bars  which  are  separated  by  a  distance 
greater  than  that  between  the  two  sides  of  the  coil. 

The  lap  winding,  or,  more  accurately,  "lap-connected" 
winding,  is  so  named  because  successive  coils  lap  back- 
ward, forming  a  series  of  overlapping  loops,  as  repre- 
ser.ted  diagrammatically  in  Fig.  164.  This  is  a  scheniiitir- 
dii gram  of  three  one-turn  coils  of  a  lap-connected  wii  '- 
iu^-  as  they  would  appear  if  taken  otf  the  armature  i.i 
and  laid  out  on  a  flat  surface  without  disturbing  their 
relative  positions.  The  wave-connected  winding  pr- 
gxesses  continuously  around  the  core,  as  indicated  ' 
grammatically  in  Fig.  165.  which  represents  two  nci-  - 
twring  pairs  of  one-turn  coils  laid  out  flat. 
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Light  and   Power  at  Panama-Pacific 
Exposition 

A  contract  for  ,sup])lyiiig  all  tlie  eleetrieity,  gas  and 
steam  to  be  used  by  the  Panama-Pacific  Exposition  lias 
been  made  with  the  Pacific  Gas  &  Electric  Co.,  of  San 
Francisco.  This  represents  a  deal  of  considerably  more 
than  a  million  dollars,  and  is  the  largest  that  has  yet 
been  entered  into  by  the  exposition  company.  It  provide.s 
for  a  minimum  of  13,000  hp.  during  the  period  of  con- 
struction, which  has  already  commenced,  and  30,000  hp. 
during  the  actual  life  of  the  exposition,  wliich  will  last 
from  Feb.  20  to  Dec.  4,  1915. 

An  immense  generating  plant  is  to  be  erected  on  the 
exposition  site  on  a  lot  which  formerly  belonged  to  the 
old  San  Francisco  Gas  Co.,  but  which  has  been  leased  to 
the  exposition  authorities  free  of  charge.  The  plant  will 
serve  a  dual  purpose:  Besides  generating  the  power  for 
the  fair,  it  will  also  serve  as  the  Pacific  (ias  &  Electric 
Co.'s  special  exhibit  and  visitors  to  the  exi)(isition  will  be 
shown  every  process  in  the  preparation  of  the  light,  heat, 
power  and  illumination  which  will  be  used  in  the  grcat- 
3St  exposition  in  history. 

The  steam  supplied  is  to  be  used  mainly  for  heating 
purposes,  and  the  exposition  company,  according  to  the 
•ontract,  agrees  to  use  30,000  lb.  per  hr.  between  10  a.m. 
md  5  p.m.  each  day  during  the  life  of  the  exposition  The 
streets,  which  will  cover  an  area  of  625  acres,  will  be 
lighted  chiefly  by  gas;  the  wonderful  decorative  illumina- 
tions being  effected  by  electricity. 

After  the  exposititni  the  generating  plant  will  be  used 
by  the  Pacific  Gas  &  Electric  Co.  as  a  substation  for  sup- 
plying individual  consumers. 

The  Pacific  Gas  &  Electric  Co.  already  po.ssesses  eleven 
power  houses  with  a  total  installeil  capacity  of  9G,000 
hp.,  and  a  new  hydro-electric  plant  which  it  is  building 
on  the  Bear  River  will  add  53,300  hp.  capacity,  ajjart 
from  the  additional  capacity  in  the  exposition  substation. 

Most  Powerful  Electric  Locomotives 

The  New  York  Central  is  to  put  in  service  on  the  New 
York  Terminal  division,  ten  new  electric  locomotives 
which  will  be  the  most  powerful  of  their  kind  in  exist- 
ence. Although  weighing  only  100  tons,  which  is  15 
tons  less  than  tho.se  now  in  service,  they  will  be  more 
powerful,  as  the  whole  weight  is  carried  on  the  drivers. 
Normally  they  will  develop  1400  hp.  continuously  and 
will  he  capable  of  developing  as  high  as  5000  hp.  for  short 
periods.  They  will  exert  sufficient  tractive  ell'ort  to  haul 
a  train  weighing  1000  tons  at  GO  miles  per  hour. 

Each  locomotive  has  eight  bi])olar  motors  having  the 
armatures  mounted  directly  on  the  axles  and  the  field 
poles  carried  on  the  truck  frames.  The  motors  are  con- 
nected permanently  in  pairs  and  can  be  run  in  three  com- 
binations: Series,  .series-parallel  and  parallel.  Although 
they  will  be  operated  at  GOO  volts,  they  are  insulated  for 
1200  volts  so  that,  if  at  any  future  time  it  should  be 
desired  to  ojierate  at  1200  volts,  the  pairs  of  motors 
could  be  changed  from  parallel  to  series  with  the  same 
speeds  and  control  combination  as  at  GOO  volts. 

One  of  these  locomotives  has  already  been  thoroughly 
teste<i  out  fin  the  Harlem  division,  and  the  General  Elec- 
iric  Co.  is  now  filling  the  order  for  the  remaining  nine. 


CORREvSPONDBNCE 


Increasing  Exciting  Current 

Permit  me  to  add  to  llic  ivply  t,,  E.  ,).  K'.,  m  I'ow  ni; 
of  Mar.  IS,  regarding  ihc  cllWd  ot  increasing  I'xcitiiig 
current  on  an  alternating-current  generator.  It  lias  l)ecii 
my  experience  that  tlio.se  operating  alternators  in  parallel 
often  fail  to  understand  the  effects  of  varying  the  excit- 
ing currents  on  the  inacliines  and  on  that  account  fail 
to  secure  the  best  distribution  of  load.  Take  the  case  of 
two  machines  in  parallel  with  (be  voltage  controlled  by 
an  automatic  regulator  acting  on  one  machine  only.  In 
this  case  the  other  machine  may  be  made  to  take  a  lead- 
ing or  lagging  current  at  will  by  varying  the  exciting 
current,  provided,  of  course,  the  exciter  lias  the  requiri'd 
range.  As  the  power  factor  of  the  .system  is  fi.xed  by  the 
character  of  the  load,  if  the  power  factor  of  one  machine 
is  raised  or  lowered  that  of  the  other  machine  moV(!S 
in  the  opposite  direction. 

To  illustrate:  With  a  given  load  and  jiower  factor  a 
certain  number  of  amperes  must  be  supplied  to  the  line. 
If  two  or  more  machines  of  equal  capacity  are  sujiplying 
current  to  the  line  each  should  sujiply  the  same  current, 
but  that  supplied  by  one  of  the  inacliines  can  be  varied 
by  varying  the  e.xciting  current  on  that  machine.  As  a 
general  rule,  where  two  or  more  machines  are  supplying 
current  to  a  line,  each  machine;  should  carry  its  share 
of  the  wattless  current;  hence  the  power  factors  should 
b(;  the  same  on  each  machine  and  the  o})erators  should 
.see  that  the  ratio  of  amperes  to  kilowatts  is  the  same  if 
power-factor  meters  are  not  sujiplied.  The  number  of 
amjieres  will  be  the  same  only  when  the  load  in  kilo- 
watts is  the  same. 

In  practice  many  problems  arise  depending  on  the 
types  of  the  generators  and  prime  movers  and  charaeti^r 
of  loads.  In  some  instances  it  will  be  found  that  a  ma- 
chine can  carry  its  share  of  the  line  load,  but  is  unable 
to  carry  its  share  of  the  wattless  current.  In  other  cases 
a  machine  may  be  unable  to  carry  its  share  of  the  line 
load,  but  may  be  able  to  carry  more  than  its  share  of  the 
wattless  current.  Operators  should  bear  in  mind  that 
it  is  the  current  in  amperes  that  determines  the  safe  load 
on  a  generator.  If  a  machine  is  overheated  it  may  be 
found  to  be  carrying  too  much  wattless  current.  In  such 
a  case  if  the  exciting  current  is  reduced  the  machine  will 
still  carry  the  same  kilowatts  but  with  less  heating.  It 
is,  therefore,  important  that  an  operator  understand  that 
the  wattless  current  may  be  shifted  from  one  machine  tr) 
another,  though,  as  stated  in  the  reply  to  E.  J.  R.,  the 
power  factor  of  the  current  on  the  line  is  determined  by 
the  character  of  the  load  and  caiinol  be  conlrollcil  by 
the  generators. 

G.  E.  .Mii.KS. 

La  .lara,  (,'olo. 


A  Mst  of  tcsllnB  liiborntorli'H  Is  to  he  compllcil  by  tho  now 
AuHtrlan  KOVfrnment  "Tcchnlschi-  Vi-r«uchnamt"  (Mlchcl- 
beuern(?assf  fi.  VU-nna),  sayB  "JCnulnoTlnK  Npwb."  Pilvata 
and  pubnc  ti'Htln)^  laboratories  throughout  the  world  are 
askr-d  to  spnd  Ihi-  "Versuchsamt"  all  pcrtlm-nt  inrormatlon 
concerning  their  field  of  work,  orKanlzatlon,  commerolal  or 
educational   afllllatlon,   equipment,  and  extent  of  operations. 
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Humphrej'  Pumps  for  London 
Water-Works 

Special  interest  centert;  about  the  new  pumping  station 
of  the  Metropolitan  Water  Board  near  Chingford.  Eng., 
in  that  the  equipment  consists  entirely  of  Humphrey 
gas  piimps.  Excepting  a  small  plant  at  Dudley  Port, 
this  is  the  first  commercial  application  of  this  type. 

As  Loudon  will  depend  to  a  large  extent  upon  this  in- 
stallation for  its  water  supply,  the  action  of  the  water 
board's  engineers  in  adopting  a  new  type  of  prime  mover 
may  be  considered  bold.  However,  it  appears  that  the 
subject  was  first  gone  into  very  carefully  and  several 
methods  of  pumping  were  considered. 

The  low  head,  30  ft.,  and  the  large  amount  of  water 
to  be  handled  did  not  seem  to  warrant  the  expense  of 
large  reciprocating  pumps.  On  the  other  hand,  the  effi- 
ciency of  centrifugal  pumps  for  this  service  figured  some- 
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Fig.  1.    Illustrating  Elementary  Humphrey  Pump 

what  less  than  the  Humphrey  pump.  Moreover,  it  was 
found  that  the  equipment,  consisting  of  gas  prodticers 
and  Humphrey  pumps,  could  be  installed  for  about  $90,- 
000  less  than  steam  boilers  and  triple-expansion  engines 
driving  centrifugal  pumps,  and  that  the  fuel  consumption 
■would  be  less.  The  guaranteed  fuel  consumption  with 
the  Humphrey  pumps  was  1.1  lb.  of  coal  per  delivered 
horsepower-hour,  and  a  penalty  of  $50,000  was  provided 
for  every  0.1  lb.  in  excess  of  this.  It  was  further  stipu- 
lated that  should  the  outfit  prove  a  failure,  the  sum  of 
$100,000  should  be  forfeited  by  the  makers  of  the  pump. 

The  installation  consists  of  four  large  pumps,  each  of 
40  million  gallons  capacity,  corresponding  to  approxi- 
mately 250  hp.  against  a  30-ft.  head,  and  a  fifth  unit  of 
half  this  size.  Each  has  an  overload  capacity  of  2.5  per 
cent.  The  larger  pumps  are  7  ft.  in  diameter  and  the 
smaller  one  5  ft. 

The  operation  of  the  Humphrey  pump  was  described 
in  Power  over  two  years  ago,  but  for  the  benefit  of  those 
readers  who  are  not  familiar  with  its  operation  we  will 
quote  from  the  Dec.  13,  1910,  issue: 

Take  the  simplest  case  of  Humphrey  pump,  as  iUustrated 
in  Pig.  1.  Water  has  to  be  raised  from  a  supply  tank  S  to 
an  elevated  tank  R.  The  water-valve  chamber  W  is  equipped 
with  valves  V,  opening  inward.  In  the  top  of  the  combus- 
tion  chamber  C  is  an   inlet  valve  A  and   an   exhaust   valve   B. 


A  simple  interlocking^  gear  is  arranged  between  these  two 
valves,  so  that  when  the  valve  A  opens  and  closes  it  locks 
itself  shut  and  releases  the  valve  E,  and  when  the  valve 
E  opens  and  closes  it  locks  itself  shut  and  releases  the 
valve  A.  Consequently,  when  suction  occurs  in  the  chamber 
these   valves    open   in   turn. 

Imagine  a  charge  of  gas  and  air  to  be  compressed  in  the 
top  of  the  chamber  C.  and  fired  by  a  spark  plug  which  pro- 
jects through  the  top  casting.  All  the  valves  are  shut  when 
the    explosion    occurs,    and    the    increase    in    pressure    drives 


Fig.  2.    Section  through  Pumping  Station 

the  water  downward  in  the  pump  and  sets  the  whole  column 
of  "water  in  the  discharge  pipe  D  in  motion.  The  column  of 
water  attains  kinetic  energy  while  work  is  being  done  upon 
it  by  the  expanding  gases,  so  that  when  these  gases  reach 
atmospheric  pressure  the  column  of  water  may  be  moving 
"With  considerable  velocity.  The  motion  of  this  column  of 
water  cannot  be  suddenly  arrested,  hence  the  pressure  in  C 
falls  below  that  of  the  atmosphere,  the  exhaust  valve  E 
opens  and  also  the  water  valves  V.  Water  rushes  in  through 
the  water  valves,  mostly  to  follow  the  moving  column  in  pipe 
D,  but  partly  to  rise  in  the  chamber  C  in  an  effort  to  reach 
the  same  level  inside  the  chamber  as  exists  in  the  suction 
tank. 

When  the  kinetic  energy  of  the  moving  column  has  ex- 
pended itself  by  forcing  water  into  the  elevated  tank,  it 
comes  to  rest,  and  there  being  nothing  to  prevent  a  return 
flow,   the  column   starts   to   move   back  toward   the   pump   and 


•Compiled    in    part    from    London    "Engineering" 
"Engineer." 


Fig.  3.   Suction  Box 


gains    velocity    until    the    water    reaches    the    level    of    the    ex- 
haust valve,  which   it  shuts  by  impact. 

A  certain  quantity  of  burnt  products  is  now  imprisoned  in 
the  cushion  space  F.  and  the  energy  of  the  moving  column 
is  expended  in  compressing  this  gas  cushion  to  a  greater 
pressure  than  that  due  to  the  static  head  of  the  water  in  the 
tank  R.  Hence,  a  second  outward  movement  of  the  column 
results,  and  when  the  water  reaches  the  level  of  the  valve 
E,  the  pressure  in  space  F  is  again  atmospheric,  and  further 
movement  of  the  water  opens  the  valve  A  against  a  light 
spring  and  draws  in  a  fresh  chai'ge  of  gas  and  air.  If  there 
were  no  friction  the  water  would  fall  to  the  same  level  as 
that  from  which  the  last  upward  motion  started,  but  the 
amount    of    combustible    charge     drawn     in     is     slightly     less 
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than  this  movement  would  represent.  Once  more  the  column 
of  water  returns  under  the  elevated  tank  pressure  and  com- 
presses the  charge  of  gas  and  air.  which  is  then  ignited  to 
start  a  fresh   cycle  of  operations. 

Referring  now  to  the  present  iustallatiou,  Fig.  2  repre- 
sents a  section  through  the  pump  house,  showing  one  of 
the  units  and  its  corresponding  water  tower;  the  object 
of  the  tower  being  to  take  up  the  surges  and  maintain  a 
practically  continuous  flow  through  the  -t-ft.  pipe  to  the 
reservoir.  The  water  intake  is  shown  at  tlie  left  leading 
to  the  water-admission   valves,  which   are   located   in   a 


Considering  the  sectional  view  at  the  top  of  Fig.  5,  the 
scavenging  valve  takes  its  air  supi)ly  from  a  central  cham- 
ber, connected  with  the  air  duct,  and  the  fuel  inlet  is 
provided  with  a  check  and  mixing  valve  and  also  a  sup- 
plementary air  valve.  All  the  valves  are  spring  operated 
and  open  inward.  Catches  and  levers  are  provided  for 
interlocking  the  fuel  inlet  and  scavenging  valves  so  that 
they  cannot  open  together.  These  also  connect  through 
rods  (see  Fig.  4)  to  the  exhaust  valves.  The  latter,  un- 
ike  the  other  valves,  are  kept  (i]icii  by  the  springs,  but 
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ring  casting  or  suction  bo.x  at  tiie  base  of  the  combustion 
chamber.     This  is  shown  in  detail  in  Fig.  3. 

The  air  is  supplied  to  the  combu.stioii  chanil)er  through 
an  air  duet  located  under  the  floor  (Pig.  2).  A  lilower 
IS  provided  for  supplying  this  air  under  pressure  for 
.scavenging  when  operating  at  an  overload,  but  as  yet  it 
has  not  been  found  necessary  to  use  this  blower.  As  the 
pumps  exhaust  at  nearly  atmospheric  pressure,  their  op- 
eration is  practically  noi.seless. 

Fig.  i  shows  a  plan  and  elevation  of  the  combustion 
chamber  with  its  numerous  valves,  ami  Fig.  5  shows  these 
valves  in  detail. 


arc  latched  A\x\t  during  the  suction  strokes.  There  are 
eight  sets  of  fuel  anil  scavenging  valves  and  sixteen  ex- 
haust valves  jicr  unit,  ami  the  rods  all  lead  to  a  central 
ring,  which  ])crniits  iiioving  all  smniUaneously. 

On  the  tirst  (explosion)  stroke  all  the  valves  are  closed 
until  the  suction  becomes  great  enough  to  oi)en  the 
scavenging  air  valve.  On  the  second  (return)  stroke  the 
exhaust  valves  must  be  open  to  permit  ex])ulsion  of  the 
bulk  of  the  exhaust  gases.  On  the  third  stroke  the 
scavenging  valves  must  be  kept  clo-sed  and  the  fuel  valves 
must  be  free  to  open  nutomatically.  All  the  valves  must 
i)e   clo.sed   on    the   fourth,   or   comi)ression   stroke.      This 
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locking  is  elTected  by  means  of  an  operating  cylinder  and 
oscillating  piston  connected  with  the  combustion  cham- 
ber. 

The  exhaust  valves  are  provided  with  dashpots  to  pre- 
vent chattering. 

Ignition  is  of  the  make-aud-break  type  supplied  by 
storage  batteries  and  is  actuated  by  a  piston  raised  by  the 
water  pressure  during  the  compression  stroke. 


Fig.  6. 


CoMBCSTiox  Chamber  of  Humphisky  Pump 

BEFOEH  IXSERTIXG  YaLVES 


The  gas  is  supplied  by  four  Dawson  anthracite  pro- 
ducers located  in  an  adjacent  building.  From  the  pro- 
ducers the  gas  first  passes  to  a  coke  and  sawdust  scrubber, 
thence  to  the  holder,  and  finally  through  large  cylin- 
drical gas  bags  to  the  pumps. 

Record  of  a    Suction  Gas-Producer 

Plant 

Bt  Geokge  W.  MtTEycH 

Engineers  are  always  glad  to  get  actual  records  of  gas- 
power  plants  that  have  been  in  operation  for  some  time, 
to  ascertain  what  success  their  fellow  operators  are  hav- 
ing. The  following  relates  to  a  plant  located  in  Seattle, 
Wash.     This  gas  plant  was  put   into   service.   May   10, 

1911,  and  was   operated   continuously   until   November, 

1912,  the  fire  in  the  producer  never  having  gone  out  nor 
been  drawn  during  that  period.  The  plant  was  shut  down 
at  the  latter  date  for  reasons  entirely  foreign  to  its  op- 
eration and  which  are  not  necessary  to  mention  here ;  it 
suffices  to  saj'  that  the  plant  gave  complete  satisfaction. 

The  producer  was  built  by  the  Schmidt  Gas  Power 
Co.,  of  Olympia,  Wash.,  and  is  of  100  hp.  capacity,  fur- 
nishing gas  for  two  engines.  Although  classed  as  an  up- 
draft   produc-er  its   construction   is  such   as  to   make   it 


practically  a  combination  up  and  down  draft.  The  gas 
outlet  consists  of  a  large  water-cooled  tube  passing  down 
through  the  top  of  the  producer  and  through  the  fuel  to 
within  2  to  2.5  ft.  of  the  grate,  so  that  all  the  gas  above 
the  lower  end  of  the  tube  has  to  pass  through  the  hot  fuel 
on  its  way  to  the  engine;  this  makes  it  really  a  double- 
zone  producer.  The  grate  is  in  three  sections;  each  sec- 
tion can  be  rocked  independently  of  the  others,  and  the 
entire  grate  can  be  rocked  as  a  whole.  This  makes  it 
possible  to  remove  the  ashes  in  a  comparativelv  short 
time. 

The  washmg  apparatus  consists  of  a  centrifugal  scruli- 
lier  only,  no  tower  scrubber  nor  dry  scrubber  being  em- 
ployed. The  centrifugal  scrubber  when  running  at  1100 
to  1200  r.p.m.  washes  the  gas  satisfactorily.  A  motor 
tor  running  the  washer,  and  a  small  tank  to  catch  the 
waste  water  and  tar  completes  the  producer  equipment, 
except,  of  course,  the  coal-handling  apparatus. 

Both  engines  are  of  the  two-cylinder  vertical  type,  one 
a  50-hp.  Fairbanks,  iMorse,  and  the  other  a  28-hp.  Nash. 
The  former  was  belted  to  an  ammonia  compressor  and 
the  latter  to  a  generator.  The  Fairbanks,  Morse  engine 
ran  continuously  24  hr.  per  day,  frozn  May  11,  1911,  to 
Dec.  1,  1911,  and  from  March,  1912,  to  Oct.  1,  1912 :  the 
Nash  ran  only  from  8  to  10  hr.  per  day  and  did  not 
run  every  day.  The  former  had  to  carry  an  overload 
almost  all  the  time,  while  the  latter  often  carried  as  much 
as  38  hp.  for  an  hour  or  two  at  a  time.  The  chief  source 
of  trouble  during  the  entire  nm  was  the  overloads  on 
the  engines,  there  being  no  relay  power  and,  therefore,  no 
time  for  overhauling. 

The  Fairbanks,  Morse  engine  was  equipped  with  a  De- 
troit forced-feed  lubricator  and  filtered  oil  was  used  with 
this,  even  for  the  cylinders.  The  Nash  engine  having 
s]dash  and  forced  lubrication,  the  oil  was  not  drawn  from 
the  crank  case  until  it  was  too  dirty  for  filtering,  when 
the  crank  case  was  refilled  with  new  oil.  By  this  it  is 
not  meant  that  the  oil  was  allowed  to  get  decidedly  foul, 
but  at  the  same  time,  it  was  hardly  worth  filtering.  The 
oil  consumption  was  about  50  to  60  gal.  per  month,  in- 
cluding that  used  for  all  the  motors  and  other  machines, 
except  the  compressor. 

Waste  water  from  the  ammonia  condenser  was  used  for 
jacket  cooling,  and  connections  were  so  made  that  city 
water  could  be  used  directly  when  necessary.  Occasionally 
city  water  was  turned  into  the  jackets  to  clean  them 
thoroughly,  as  the  water  from  the  condenser  pan  was 
rather  dirty.  Only  once  was  trouble  encountered,  and 
that  was  clogging,  due  to  floating  nuitter  in  the  condenser 
water,  rather  than  actual  scale  formation.  The  Nash 
engine  jacket-water  temperature  was  kept  at  150  to  160 
deg.  F.  and  that  in  the  Fairbanks,  Morse  engine  from 
120  to  140  deg. 

The  fuel  was  cheap  lignite  costing  $2.10  per  ton  (pea 
size)  f.o.b.  at  the  plant,  including  unloading,  and  nut 
size  costing  $2.85  in  the  bin.  We  used  both,  and  part  of 
the  time  mixed  pea  and  nut.  In  two  instances,  owing  to 
delay  of  shipment,  we  were  forced  to  use  lump  size 
pounded  small  enough  to  pass  through  the  producer  hop- 
per. This  did  not  give  as  good  satisfaction  as  either  the 
pea  or  nut,  and  required  more  frequent  and  harder  work- 
ing of  the  producer:  it  also  gave  more  clinker  trouble. 
There  was  little  difference  between  using  the  pea  and  the 
nut  coal  expect  that  it  was  necessary  to  use  a  little  more 
of  the  fo7-mer.     However,   it  was  easier  to  handle  and 
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made  the  producer  easier  to  work.  Very  accurate  records 
were  kept  of  the  fuel  cousumption.  The  best  mouth 
showed  a  consumption  of  1.75  lb.  of  coal  per  b.hp.-hr., 
altliough  the  average  cousumption  was  about  2.5  lb.  per 
b.li]>.-hr.  The  fact  that  the  night  load  was  only  about  55 
per  cent,  of  the  rated  capacity  of  the  producer  liad  a 
tendency  to  keep  the  fuel  consumption  high. 

The  ligjiite  used  contained  from  12  to  2(1  per  cent, 
moisture  and  occasionally  even  more,  and  it  averaged 
about  15  ]jer  cent.  ash.  The  heat  value  ranged  from 
7000  to  9000  B.t.u.  per  lb.  as  fired,  but  seblom  as  high 
as  9000. 

When  the  gas  iijant  was  first  started  the  producer  was 
worked  every  6  hr.  and  sometimes  oftener.  Later,  how- 
ever, it  was  worked  at  8-hr.  intervals,  except  occasionally 
the  fire  zone  became  too  deep  and  then  it  required  a  little 
extra  attention.  Also  now  and  then  the  fire  would  re- 
quire a  little  poking  from  the  top  to  check  the  formation 
of  clinkers. 

Each  working  consisted  of  poking  the  fire  and  breaking 
the  clinkers  from  the  top  as  much  as  possible,  removal 
of  the  ashes  and  charging  the  producer.  The  entire 
jn-ocess  of  poking,  removal  of  clinkers  and  removal  of 
ashes  from  the  grate  and  ashpit  usually  took  from  25 
to  60  inin.  when  everything  was  in  good  condition.  Only 
one  man  was  required  to  take  care  of  the  engines  and 
producer,  and  on  the  night  shift  he  also  took  care  of  the 
entire  plant,  including  boiler,  ice  plant,  etc. 

Except  for  occasional  clinkering,  due  to  had  coal  or  in- 
sufficient steam,  the  producer  gave  very  little  trouble.  In 
tile  winter,  when  the  plant  was  shut  down  each  evening,  a 
little  air  was  allowed  to  pass  through  the  producer,  then 
the  next  morning  it  would  require  only  10  to  15  min. 
to  get  the  engine  started  and  the  load  on.  We  first  tried 
sluitting  off  the  air  entirely,  but  found  it  would  take 
from  30  to  45  min.  in  the  morning  to  blow  the  fire  suffi- 
ciently to  get  gas  rich  enough  for  the  engine. 

Steam  for  the  producer  was  obtained  from  a  40-hp. 
lioiler,  which  was  also  used  for  heating  hot  water,  etc. ; 
this  was  entirely  independent  of  the  power  plant.  A  V4" 
ill.  pipe  line  under  30-lb.  steam  pressure  led  to  the  pro- 
ducer, but  the  valve  at  the  boiler  was  never  opened  more 
than  half  a  turn. 

VoT  blowing  the  fire,  the  tar  extractor  was  used.  This 
diew  air  through  the  producer  and  purged  the  gas 
through  a  .special  starting  purge  pipe  located  just  above 
the  tar  extractor.  The  motor  driving  the  tar  extractor 
was  driven  by  city  power  when  the  Xash  engine  was  not 
running. 

Most  (if  the  engine  troubles  were  of  a  minor  nature. 
Occasional  difficulty  was  experienced  in  starting  the  Fair- 
l)aiiks.  Morse  engine,  becau.se  it  had  to  1)e  started  with 
some  load,  it  having  no  clutch  to  throw  out  the  ammonia 
compressor.  This  was  bypassed  when  starting,  but,  never- 
tiiek'ss.  there  was  always  some  load  to  start  against.  An- 
<ifher  thing  that  required  careful  attention  was  that  when 
tbe  engines  were  overloaded,  they  were  sensitive  to  sligbt 
changes  in  the  quality  of  the  gas  so  that  it  was  necessary 
in  working  the  producer  to  keep  the  gas  from  getting  too 
Weak.  When  either  of  the  engines  showed  signs  of  slow- 
ing down  wc  would  stop  working  the  producer  for  5  or  10 
mill.,  and  when  fbe  engines  picked  \i]>.  would  finish  work- 
Mig  the  producer. 

Usually  lignite  producer  plants  have  ((insiderablc 
trouble   from   tar.      Wlii'ii   first   starting  the  plant   we  did 


not  have  the  tar  extractor  running  fast  enough,  hence, 
encountered  some  trouble  with  the  valve  stems  sticking 
and  the  valves  chattering.  The  chief  trouble  was  with 
the  intake-valve  stems  on  the  Nash  engine.  After  shut- 
ting this  engine  down  in  the  evening,  unless  we  worked 
the  valves  up  and  down  and  lubricated  them  freely  with 
kerosene  and  oil,  they  would  be  found  stuck  the  next 
morning  and  hard  to  loosen.  After  speeding  up  the  tar 
extractor  several  hundred  revolutions  we  had  no  more 
trouble. 

Daily  reports  were  made,  accurate  records  being  kept 
of  the  consumption  of  fuel,  lubricating  oils,  kero.sene, 
gasoline,  waste  and  city  water.  Load  readings  were  taken 
every  two  hours.  The  stops  of  each  engine  were  recorded 
as  was  also  the  cause  of  each  stop.  At  the  end  of  each 
month  a  monthly  record  sheet  was  filed  which  showed  the 
consumption  of  fuel,  oils,  supplies  and  the  coal  used  per 
brake  horsepower-hour.  Besides  actual  cost  of  operation 
these  reports  aided  in  locating  troubles  and  also  gave 
the  engineers  special  interest  in  the  work,  as  they  always 
were  working  for  a  record  month. 

The  record  of  this  plant  brings  out  several  points  of 
special  interest.  First  of  all,  the  Fairbanks,  Morse  en- 
gine carried  an  overload  of  about  25  per  cent,  almost 
continuously  during  its  two  runs  of  seven  months  each, 
with  no  opportunity  for  overhauling  except  during  the 
winter.  Another  point  worth  noting  is  that  the  Xash 
engine  occasionally  carried  a  40  per  cent,  overload  for 
about  2.5  hr.  The  producer- responded  to  all  variations 
in  load,  and  in  spite  of  several  exceptionally  poor  ship- 
ments of  coal,  it  was  never  necessary  to  draw  the  fire 
during  the  entire  run.  When  the  plant  was  shut  down 
and  the  fire  drawn  the  brick  lining  in  the  producer  was 
found  to  be  in  verv  sood  condition. 


Removing  Piston  Rings 

Mr.  A.  L.  Brennan.  .Ii'.'s  method  of  removing  and  clean- 
ing piston  rings,  which  appeared  in  the  Apr.  8  issue, 
would  not  do  if  he  were  in  a  plant  that  could  not  spare 
an  engine  very  long.  He  speaks  of  removing  carbon  de- 
]>osits  with  strips  of  emery  cloth.  Upon  removing  rings, 
T  have  found  deposits  of  carbon  in  the  grooves  %  in. 
thick  that  required  a  cape  chisel  and  hammer  to  dig  out. 
Kerosene  is  all  right  for  softening  carbon  if  the  part 
can  he  soaked  long  enough,  buf  in  a  power  ]ilant  time  is 
usually  important. 

With  reference  to  rei)lacing  the  rings,  be  says  it  is  ad- 
visable to  place  the  to]i  ring  first  and  so  on  down,  but  1 
have  found  it  to  be  easier  first  to  jiut  on  the  rings  with 
the  liners  or  strips  to  cnrry  the  ring  to  the  groove. 

J.  W.  Fitii:s. 

Ft.  Wavne.  In, I. 


TluTc  la  a  tiny  h.imlit  in  .^inithirn  Alaslta.  caUert  by  the 
natlvos  KataUa.  luiastinK  of  a  few  hundred  Inhabitants,  which 
really  know.s  what  the  hlRh  price  of  coal  means.  Each  and 
every  ton  binned  in  that  town  cost.«i  exactly  $21.7!).  .\nd 
within  25  miles  Is  one  of  the  richest  coal  deposits  In  the 
world.  It  Is  the  famous  coal  region  about  which  the  Pln- 
chot  -  IlalllnKer  -  CunninKham  -  Gugrgenhelm  controversy  was 
waged.  The  Federal  government  now  controls  those  de- 
posits, and  the  Inhabitants  of  Katalla  are  prevented,  through 
this  control,  from  mining  their  fuel  needs,  which  total  only 
BO  tons  annually,  and  are  forced  to  depend  upon  fu.-l  mined 
Mi^inv     hundreds    of   miles    away. — "Wall    St.    .T.Mirnal.' 
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District  Heating  by  Steam  and  Hot 
Water 

By  L.  B.  Li;nt 

The  advautages  of  heating  one  or  several  blocks  of 
residences  or  business  buildings  from  a  central  heating 
station  are  fairly  well  known.  It  is  obvious  that  even 
where  supplying  heat  is  the  only  consideration  a  higher 
degree  of  economy  in  its  generation  at  least  could  be  at- 
tained in  a  large  central  plant  where  coal  could  be  burned 
under  economical  conditions,  where  the  labor  required  is 
reduced  to  a  minimum,  and  where  economical  operation 
in  general  can  best  be  had.  The  principal  disadvantage 
of  district  heating  is  that  it  requires  in  most  ca.-;es  an 
extensive  and  costly  system  of  piping  and  conduits,  and 
in  some  cases  also  requires  the  ])urLhase  of  a  franchise 
for  laying  conduits  in  the  streets  or  public  highways. 

When  heat  is  furnished  to  a  group  of  buildings  from 
a  central  station  in  which  a  considerable  amount  of  power 
is  also  generated,  the  two  duties  may  then  be  profitably 
combined.  Especially  is  this  true  of  a  central  lighting 
and  pumping  station.  In  a  power  plant  using  steam  as 
the  motive  power,  where  condensing  water  is  costly,  it  is 
even  possible  to  make  the  heating  end  of  the  power  plant 
a  condensing  system  for  the  steam  engines  and  other 
steam  apparatus. 

To  make  an  accurate  calculation  of  the  amount  of  heat 
necessary  to  supply  a  given  amount  of  radiation  already 
installed,  or  that  which  is  to  be  installed,  the  compilation 
of  the  individual  requirements  of  each  customer  must  be 
made,  but  this  amount  may  be  estimated  with  a  fair 
degree  of  accuracy  by  estimating  the  cubical  contents  of 
the  buildings  to  be  heated  and  allowing  about  one  square 
foot  of  radiation  for  each  70  cu.ft.  of  volume. 

The  consideration  Avhich  governs  a  choice  between  steam 
and  hot  water  may  be  stated  as  follows:  The  first  cost 
of  the  plant  installed  is  in  favor  of  the  steam  system,  when 
it  is  not  equipped  with  heat  control.  The  cost  of  op- 
eration is  usually  in  favor  of  the  hot-water  system,  if 
heat  is  supplied  from  the  exhaust  of  steam  apparatus  and 
especially  if  in  heating  the  water  with  exhaust  steam  more 
or  less  of  the  steam  may  be  condensed  and  the  engine 
run  under  partial  vacuum.  The  cost  of  circulating  mains 
IS  in  favor  of  hot  water  when  forced  circulation  is  em- 
ployed, and  besides  the  steam  temperatures  are  usually 
higher,  so  that  radiation  losses  will  be  greater  than  for 
hot  water.  Wliere  the  area  supplied  is  comparatively  large 
and  exhaust  heat  from  the  engines  is  available,  a  con- 
sideration of  all  features  indicates  that  hot-water  circula- 
tion will  be  preferable. 

Steam  System 

The  sources  of  heat  for  the  steam  system  are  exhaust 
steam  from  engines,  pumps  or  other  steam  apparatus,  and 
live  steam  from  boilers.  While  steam  heat  is  classified 
under  two  general  heads,  high  pressure  and  low  pressure, 
it  is  common  practice  to  reduce  high-pressure  steam  to 


:'.0-lb.  gage  or  less  before  introducing  it  into  the  line. 
Where  exhaust  steam  is  used  direct,  it  is  seldom  good 
practice  to  run  the  pressure  above  10-lb.  gage,  because  of 
the  reduced  efficiency  of  the  engines  from  this  high  back 
pressure.  The  amount  used  for  heating  purposes  is  the 
total  heat  of  the  steam  above  32  deg.  F.  less  the  total  heat 
in  the  condensation  returned  from  the  radiators.  The 
temperature  of  the  return  condensation  varies  but  is  sel- 
dom less  than  ISO  deg.  F. 

With  exhaust  steam  it  is  necessary  to  ascertain  the  total 
heat  of  the  steam  under  the  conditions  at  which  it  is 
available.  This  may  be  done  by  assuming  thai  it  is  equal 
to  the  total  heat  of  steam  entering  the  engine  or  pump 
( ylinder,  less  the  heat  equivalent  of  the  work  done,  and  a 
further  subtraction  for  radiation  and  condensation  losses 
in  the  engine.  An  average  value  of  the  total  heat  in  the 
exhaust  steam  may  he  safely  assumed  as  85  per  cent,  of 
the  total  heat  of  the  live  steam  delivered  to  the  engine. 
If  the  thermal  efficiency  of  the  engine  is  known  the  cal- 
culation of  the  available  heat  in  the  exhaust  steam  can 
be  more  accurately  made.  Of  the  total  heat  furnished 
by  live  steam  or  exhaust  steam  it  is  safe  to  assume  that 
the  transmission  loss  in  the  conduit  will  be  about  15  per 
cent,  and  this  leaves  85  per  cent,  of  the  total  available 
heat  which  may  be  counted  upon  as  producing  heating 
effect  in  the  radiating  surface. 

Eadiatixg  Sueface  per  Pouxd  of  Steam 

On  the  assumption  that  a  room  temperature  of  70  deg. 
F.  is  to  be  maintained  in  zero  weather,  and  that  each 
square  foot  of  radiating  surface  will  radiate  1.7  B.t.u. 
per  sq.ft.  per  deg.  difference  in  temperature  between  the 
air  and  the  steam  for  an  average  steam  pressure  of,  say 
5-lb.  gage,  about  267  B.t.u.  per  hr.  per  sq.ft.  of  radiating 
surface  will  be  radiated,  so  that  if  the  total  radiating  sur- 
face be  multiplied  by  267,  the  product  will  be  the  num- 
ber of  heat  units  to  be  supplied  per  hour.  The  inverse 
calculation  shows  that,  allowing  15  per  cent,  heat  loss  in 
the  conduit,  exhaust  steam  at  5-lb.  gage  pressure  which 
contains,  say  900  B.t.u.  per  lb.,  will  supply. 
900-^  (267  X  0.85)  =  i  sq.ft. 

A  similar  calculation  can  easily  be  made  for  live  steam 
by  using  the  total  heat  available  in  place  of  the  figure  900. 
It  is  evident  that  the  amount  of  radiating  surface  sup- 
plied by  the  high-pressure  steam  is  not  greatly  in  excess 
of  that  supplied  from  exhaust  steam,  and  if  the  steam 
supply  necessary  is  estimated  conservatively  the  figure  of 
4  sq.ft.  of  radiating  surface  per  pound  of  steam  per  hour 
will  not  be  far  wrong. 

Steam  PirE  Sizes 

The  size  of  steam  pipe  for  supplying  a  given  quantity 
of  steam  under  given  conditions  may  be  obtained  by  refer- 
ence to  the  charts  given  in  the  article  by  H.  V.  Carpenter, 
Power,  Dec.  17,  1912. 

Ivnowing  the  square  feet  of  radiation,  an  approximate 
rule  for  determining  the  diameter  of  main  in  inches  to 
supply  it  is: 
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Divide  llie  square  feet  of  radiation  hi/  100  and  extract 
the  square  root  of  the  quotient. 

The  rule  is  based  on  a  velocity  of  4(1  ft.  per  sec.  in  the 
main.  For  other  velocities  reference  niav  he  made  to 
Table  1. 

Hot  Water  Systems 

In  tliis  system  actual  heating  of  the  water  may  take 
place  in  exhaust-steam  heaters,  live-steam  heaters,  heating 


be  circulated  about  50  lb.  of  water  per  pound  of  steam, 
or  an  equivalent  of  slightly  over  6  gal.  of  water  per  pound 
of  steam. 

It  then  becomes  necessary  to  ascertain  whether  the 
total  amount  of  water  necessary  to  condense  the  exhaust 
steam  can  be  cooled  through  the  temperature  range  by 
circulating  it  through  the  radiating  system.  If  it  is  as- 
sumed that  each  pound  of  water  is  raised  in  temperature 
35  deg.  F.  in  passing  through  the  exhaust-steam  heaters, 


TABLE  I.     SIZES  OF  STEAM  MAINS  FOR  DIRECT  RADIATION* 

op  of  Pressure.   100-ft.  run.      (I'nwin  Formula).      Condensation  0.3  lb.  per  sq.ft. 

20  ft.  ao  ft.  40  ft,  .50  ft. 


Vel. 


Vel. 


Vel. 


Vel. 


70  ft. 
Vel. 


Drop 

0  4 
0  2H 
0,2 


Sq.ft. 


Drop 
3  6 


116 
168 
.300 
465 
669 


Drop 
6  00 
6  64 
3  20 
1.92 
1.34 
1.00 
0.85 
0  66 
0  33 
0  4S 


100 

155 

224 

400 

620 

892 

1,216 

1,600 

2,005 

2,480 


*  Condensed  from  "Steam  Circulation"  Positive  Differential  .System  Co. 

Iioilers,  economizers  and  condensers.  One  of  the  most 
economical  sources  of  heat  is,  of  course,  that  of  the  ex- 
haust steam  from  engines  and  other  steam-consuming  ma- 
chines. The  amount  of  this  heat  is  as  before  shown  about 
85  per  cent,  of  the  total  heat  of  the  steam  entering  the 
engine  and  it  is  obvious  that  most  economical  operation 
from  the  standpoint  of  the  engine  is  brought  about  when 
its  exhaust  steam  is  condensed  by  giving  up  its  heat  to 
the  circulating  water.  The  amount  of  vacuum  produced 
is  limited  by  the  amount  of  heating  water  circulated  and 
also  by  its  temperature.  If  it  is  desired  to  circulate  the 
water  at  a  temperature  of,  say  180  deg.  F.,  it  is  apparent 

TABLE  2.  WATER  REQl'IRED  PER  HOUR  PER  SQUARE  FOOT  OF 
RADIATING  SURFACE 


Temp,  of  water. 

deg.  F 

140 

1.50 

160 

170 

ISO 

190 

200 

210 

Wt.  percu.ft..    . 

61.37 

61.18 

60.90 

60.77 

60  55 

60,32 

60.07 

59  82 

Temp,    of    rm., 

deg.  F 

70 

70 

70 

70 

70 

70 

70 

70 

Dif.    bet.    temp. 

water  and  air 

in  room 

70 

SO 

90 

1011 

110 

120 

l.iO 

140 

B.t.u.     emitted 

per  hr.  per  aq. 

ft.  of  radiator 

per  deg.  diff, ,  , 

14 

1   45 

1   45 

1.5 

15 

1.5 

1.6 

1.0 

Total  B.t.u,  per 

sq.ft.    per    hr. 
(Item   4xltem 

5.) 

98 

iin 

1.30 

1.50 

165 

IHO 

20K 

224 

Lb.  water  to  each 

wi.ft.  per  hr.  if 
coolea  .5    deg. 

pass'g  through 

radiator 

19  6 

23  2 

26,0 

.30  0 

.33  0 

36  0 

41.6 

44   0 

Lb.  when  cooled 

10  deg.  in  pas- 

ging. 

9,8 

111! 

13  0 

15  0 

16  5 

IS  0 

20  K 

22  0 

Lb.  when  cooled 

1.5  deg.  in  pa»- 

Bing 

0  5 

7.7 

8.6 

10  0 

110 

12  0 

13  S 

14  9 

Lb,  when  cooled 

20  deg,  in  paft- 

sing 

4.9 

5  8 

6  5 

7  5 

H  25 

9  0 

10  4 

112 

from  the  steam  table  that  at  this  teniperatmc  a  vacuum 
of  14.4  in.  of  mercury  can  be  carried.  This  will  increa.se 
the  economical  performance  of  the  engine  considerably. 

It  is  evident  that  a  large  amount  of  water  must  be 
circulated  at  this  temperature,  to  condense  the  steam, 
especially  as  the  circulating  water  is  rarely  cooled  through 
p  greater  range  than  20  deg.  Since  the  latent  heat  of 
steam  at   this  ])ressiire  is  990  B.t.u..  there  must    nnighly 


Drop 
10.00 
7.25 
5  00 
3.00 
2  10 
1.36 
1.33 
1.04 
0.83 
0.75 
0  ,57 
0.43 


773 
1,113 
1.520 
2,000 
2,.506 
3,100 
4.470 
6,0S3 


19   6 
14  21 


3  06 
2  6 
2.04 
1  63 
1  37 
1.12 
0  887 
0  76 
0  637 
0  .57 


174 

271 

392 

700 

1,083 

1.561 

2,128 

2,800 

3,508 

4,340 

6,25S 

8.316 

11,130 

14.095 

17,360 


Drop 
40  00 
29.00 
20  00 
12.00 
8,40 
6.23 
5.31 
4.16 
3  33 
3  00 
2.30 
1.81 
1.56 
1.30 
1.18 
0  94 
0,7S 
0 ,  66 


Sqft. 

Rad'n 

248 

388 

560 

1.000 

1.330 

2,230 

3,040 

4.000 

3.012 

6.200 

8.940 

12.167 

15,900 

20,137 

24,800 

33,800 

48,700 

63,600 


t.  Run 
drop. 


29  0 
34  5 
40  0 
43  4 
49  0 
54  S 
58 . 0 
66.0 
74  3 
80  0 
87.4 
92  0 
103  0 
113  0 
123  0 


2-6 

•535 

890 

1,360 

1,930 

2,747 

3,600 

5.900 

9,040 

12.700 

17.600 

22.900 

37.000 

33,300 

78.300 


the  pounds  of  water  that  may  be  iicated  by  one  pound 
of  cxhau-st  steam  will  be  the  total  heat  available  per  pound 
of  exhaust  steam  divided  by  25,  and  if  it  is  assumed  that 
under  average  conditions  the  total  heat  available  will  be 
850  B.t.u.  per  hr.  per  lb.  of  exhaust  steam,  then  the  num- 
ber of  pounds  of  water  heated  per  ])ound  of  steam  will  be 

S.-)0  ^  25  =  :U 
If  it  is  assumed  that  the  temperature  drop  of  tiie  water 
passing  through  the  radiators  is  2o  deg..   then  this  34 
lb.   of  water  will  give  up 

34  X  20  =  680  B.t.u. 
If  the  room  temi)erature  is  70  deg.  and  the  water  is  cooled 
from  180  to  160  deg.  F.  (an  average  temperature  of  170 
deg.),  then  the  difference  in  temperature  will  be 

17(1  —  TO  =  100  deg. 
so  that  each  scpiare  foot  of  radiating  surface  will  radiate 

100  X   1-7  =  170  B.t.u. 
The  number  of  scpiare  feet  of  radiating  surface  which  will 
be  supplied  by  the  heat  given  up  by  the  water  will  there- 
fore be 

fiSO  -^   170   =    4  .ST/.//. 
This  means  that  under  the  conditions  .stated  one  pound 
of  exhaust   steam   having  a  total   available   heat  of  850 
B.t.u.  will  su])ply  4  sq.ft.  of  radiating  .surface. 

Assuming  the  same  drop  in  temperature  and  an  aver- 
age water  temperature  through  the  radiation  of  170  deg,, 
then  one  gallon   will  weigh   8,13  lb,  and   will  give  up 

8,13  X  20  =  162,G  B.t.u.  per  gal. 
With  a  dilTerence  in  temperature  iietween  the  room  and 
the  water  of  100  deg.  and  a  rate  of  transmission  of  1.7 
B.t.u.,  each  square  foot  of  radiating  surface  will  radiate 
170  B.t.u.  ))er  hr.  It  is  evident  then  that  under  these 
conditions,  which  are  average  ones,  one  gallon  of  water 
per  hour  will  siij)])ly  appro.ximately  one  square  foot  of 
radiating  surface.  The  amount  of  water  required  under 
other  conditions  is  shown  in  Table  2. 

Live  steam   is  only  u.«ed  where  it  is  iieeessarv  to  au"- 
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iiieut  the  supply  of  exhaust  steam  and  furnish  the  radia- 
tion uuder  contract.  This  may  be  delivered  through  the 
same  set  of  piping  to  the  heaters  as  is  the  exhaust  steam 
by  delivering  it  through  a  reducing  valve,  or  it  may  be 
delivered  direct  to  live-steam  heaters  which  arc  operated 
either  in  series  or  in  parallel  with  the  exhaust  heaters. 
'Wliere  exhaust  steam  is  used  to  heat  circulating  water,  it 
is  usual  to  deliver  it  through  an  oil  separator  before  pass- 
ing to  the  heaters,  and  the  condensation  from  the  heaters 
is  used  as  boiler-feed  water. 

Circulating  Pumps 

Both  reciprocating  and  centrifugal  pumps  are  used,  but 
the  latter  is  preferred.  It  may  be  either  motor  driven 
or  connected  direct  to  a  steam  turbine.  The  latter  is  the 
more  economical  arrangement  when  the  exhaust  from  the 
turbine  can  be  utilized  in  heating  the  water.  In  any  sys- 
tem it  is  iisually  the  practice  to  install  at  least  two  pumps, 
one  of  which  may  carry  the  entire  load  and  the  other  be 
a  spare  unit.  In  larger  systems  sometimes  as  many  as 
four  pumps  are  installed  to  operate  in  parallel  and  their 
size  is  such  that  a  single  pump  may  be  out  of  service 
and  the  others  still  have  the  capacity  to  circulate  the 
entire  amount  of  water  necessary. 

Sizes  of  Mains 

The  allowable  velocity  of  water  in  the  ilow  mains  may 
be  as  high  as  10  ft.  per  sec.  The  diameter  of  the  pipe 
for  carrying  any  amount  of  water  may  be  easily  calcu- 
lated when  the  velocity  is  assumed,  but  if  the  piping 
system  is  of  considerable  extent  and  somewhat  complex, 
it  is  better  to  calculate  as  closely  as  possible  the  fric- 
tion head  which  will  exist  under  any  assumed  velocity 
and  if  it  appears  to  be  excessive,  the  size  of  the  pipes  may 
be  increased  sufficiently  to  reduce  this  velocity.  In  any 
case  the  problem  is  one  of  balancing  the  cost  of  the  in- 
creased power  necessary  to  circulate  the  water  at  the 
higher  resistance  against  the  interest  cost  of  the  greater 
investment  in  larger  size  pipe. 

The  flow  capacity  of  pipes  of  various  sizes  and  for  vari- 
ous water  velocities  up  to  15  ft.  per  sec,  are  given  in  a 
table  on  page  55  of  the  July  9,  1912,  issue  of  Power,  and 
cubic  feet  and  pounds  per  minute  are  given  on  page  58 
of  the  same  number. 

Piping  Systems 

The  two  principal  systems  in  use  are  known  as  the  one- 
pipe  and  two-pipe  systems.  In  the  one-pipe  system  the 
water  leaves  the  heating  station  through  a  single  pipe  and 
makes  a  complete  circuit  throughout  the  district,  return- 
ing to  the  heating  plant  for  reheating.  This  is  sometimes 
known  as  the  loop  system  and  all  radiation  is  connected 
on  what  are  practically  shunt  circuits.  In  this  case  a 
single  pipe  of  uniform  diameter  sufficient  to  carry  the 
maximum  quantity  of  water  for  all  the  services  must  be 
installed,  and  its  diameter  may  be  calculated  on  a  velocity 
of  10  ft.  per  sec. 

In  the  two-pipe  system  a  pair  of  parallel  pipes  are  run 
throughout  the  district  and  returned  to  the  heating  plant. 
Kadiation  is  connected  across  these  two  mains  in  a  man- 
ner analagous  to  connecting  electrical  apparatus  in  paral- 
lel across  two  circuit  wires.  The  circulation  in  the  two- 
pipe  system  is  due  to  the  difference  in  pressure  between 
the  water  in  the  going  main  and  the  return  main  at  the 
same  point  of  the  conduit.    The  pressure  in  the  one-pipe 


system  may  be  consequently  less  than  for  the  two-pipe 
system,  and  in  most  cases  the  one-pipe  system  with  a 
jiroper  layout  is  preferred. 

District-heating  systems  may  be  easily  adapted  to  serve 
the  particular  heating  system  in  use  in  any  building  or 
residence.  For  instance,  in  a  private  hot-water  heating 
system,  the  hot  water  from  the  central  station  may  be 
circulated  through  what  is  known  as  a  transformer,  which 
is  essentially  a  water-tube  heater  and  which  becomes  the 
source  of  hot-water  supply  for  the  house  system.  It  may 
be  adapted  to  warm-air  systems  of  heating  or  the  plenum 
system  of  heating  and  ventilating,  by  delivering  the  water 
tlirough  the  indirect  coils  of  such  a  system.  The  use  of 
the  transformer  with  hot  water,  however,  is  necessary 
only  in  exceptional  cases,  but  such  an  apparatus  is  more 
often  used  where  the  private  system  is  a  hot-water  system 
and  the  heat  supply  from  the  central  station  is  steam. 

Temperature  Regulation 

Regulating  the  temperature  in  accordance  with  the 
weather  conditions  in  the  buildings  heated,  is  most  eco- 
nomically done  from  the  power  plant.  Experience  soon 
shows  the  necessary  temperature  of  the  circulating  water 
to  keep  the  room  temperatures,  at,  say  70  deg.,  with  any 
given  outside  temperature.  Power-plant  conditions  can 
then  be  adjusted  to  maintain  the  necessary  water  tem- 
perature and  also  the  amount  being  circulated,  and  this 
will  be  found  to  have  a  direct  bearing  on  the  amount  of 
vacuum  which  can  lie  maintained  at  the  engines. 

Pipe  Sizes  for  Hot-Water  Heating 

Mr.  Durand  asks  for  criticism  of  his  method  of  deter- 
mining pipe  sizes  for  forced  hot-water  heating  systems. 
His  table,  in  the  Apr.  1  issue,  is  most  useful  for  finding 
the  number  of  square  feet  of  radiator  surface  that  a 
given  pipe  will  supply  when  either  the  friction  head  or 
the  velocity  is  assumed,  but  he  does  not  give  any  basis 
for  making  either  of  these  assumptions.  He  says :  "A 
more  logical  method  would  be  to  fix  the  total  friction 
head  per  100  ft.  and  from  the  total  length  of  the  system 
determine  the  allowable  friction  head  per  100  ft."  How 
are  we  to  "fix"  or  '"determine"  these  things  with  some 
degree  of  accuracy? 

Suppose  we  have  a  system  in  which  the  mains  are  to 
supply  11,000  sq.ft.  of  radiating  surface  and  two  branches 
supplying  respectively  1200  and  400  sq.ft.  What  size  of 
pipes  should  be  used?  The  table  gives  the  following 
values,  any  of  which  might  be  used : 


id.  Surface 

Size  of 

Sq.ft. 

Pipe,  in 

11,750 

5 

11,650 

4 

11,000 

34 

1,200 

2 

1,200 

u 

400 

u 

412 

1 

Velocity, 

Friction    Head 

Ft.  per  Sec. 

in  Ft 

per  100  Ft 

3.30 

1 

5.15 

3 

6  25 

5 

1.90 

1 

3  34 

4 

1.50 

1 

2  68 

4i 

In  favor  of  the  larger  sizes  of  pipe,  with  1  ft.  friction 
head,  we  have  minimum  cost  of  pumping  the  water.  In 
favor  of  the  smaller  sizes  we  have  minimum  first  cost 
of  piping  and  covering  and  minimum  loss  by  radiation 
from  the  covered  mains.  Will  'Mr.  Durand  be  kind 
enough  to  add  to  his  article  some  statement  in  regard 
to  his  method  of  selecting  the  best  sizes  of  pipe  for  such 
a  problem  as  the  one  here  given. 

William  Kent. 

Montclair,  N.  J. 
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fail.  Trac-e  out  the  pii)e  lines  and  learn  what  valves  must 
l>e  opened  and  closed  if  a  bad  leak  or  break  occurs  in  this 
or  that  line.  In  brief,  train  yourself  in  the  operation  of 
your  plant  so  that  you  become  the  man  to  whom  the  other 
men  go  to  when  thev  iiet  "stuck." 


Caring  for  Emergencies 

To  know  what  to  do  in  emergencies  and  to  do  it  quick 
ly  and  without  coufusiou  is  an  engineer's  most  valuable 
as.set.  It  has  been  said  that  the  ditfereuce  between  a 
lawj-er  and  an  engineer  is  that  when  the  lawyer  gets 
'"stuck"  he  may  have  the  case  delayed  while  he  "looks  up 
precedent"  to  overcome  his  difficulty,  but  the  engineer 
must  overcome  the  difficulty  and  think  about  it  afterward. 

Even  though  there  is  no  time  for  the  engineer  to  look 
up  precedent  when  something  happens  in  the  plant,  it  is 
well  for  him  to  know  or  to  have  read  of  what  was  done 
in  similar  circumstances  by  other  engineers.  If  he  knows 
what  to  do  the  confusion  and  worry  of  emergency  mo- 
ments are  minimized.  Ignorance  of  wliat  to  do  begets 
fear,  and  a  frightened  man  is  a  mighty  poor  adjunct  to 
a  power  plant.  He  usually  does  more  danuige  than  he 
sets  out  to  rectify  or  prevent. 

A  good  illustration  of  this  was  told  in  Power  some- 
time ago.  The  plant  was  uoucondensing,  containing 
three  large  cross-compound  units,  the  exhaust  pipes  of 
which  were  connected  to  a  common  trunk  line  connected 
to  an  open  feed-water  heater.  The  float  valve  controlling 
the  city  water  supply  to  the  heater  became  inoperative 
during  the  night  and  flooded  the  heater  and  the  e.xhaust 
line. 

When  the  engineer  started  a  unit  in  the  morning,  the 
water  admitted  to  and  entrapped  in  the  low-pressure  cyl- 
inder, blew  out  the  cylinder  head.  Instead  of  investigat- 
ing, he  opened  the  throttle  on  the  next  engine  and,  to 
nuike  a  long  .story  short,  iilew  the  cylinder  heads  out  of 
all  three  engines. 

On  page  611  of  this  issue  a  contributor  tells  of  how 
a  duplex  mine  pump  was  kept  running  after  the  stuffing- 
box,  gland,  packing  and  all,  had  been  blown  out.  He 
al.«o  describes  a  repair  to  a  broken  cylinder  head,  water 
end,  of  a  pump  by  shrinking  a  ring  in  a  groove  cut  in 
the  head  while  the  broken  pieces  were  clamped  together. 
The.-^e  repairs  were  of  the  emergency  kind  and  done  as 
(Hiickly  as  jjossiiilc  so  thai  the  service  sutfered  no  serious 
inti'rruption. 

We  recall  an  engineer  who  had  charge  of  a  plant  iso- 
lated miles  from  a  supi>ly  house,  railroad  and  express 
service.  The  piston  of  one  unit  liroke  into  pieces  so 
small  as  to  make  repairs  to  it  impossible.  The  need  of 
the  engine's  service  was  urgent,  so  from  a  piece  of  one 
and  one-half-iiich  seasoned  hardwood  lioard  a  temporary 
piston  was  made  by  grooving  the  board  to  receive  a  si)arc 
set  of  ring.*  which  fitted  the  old  piston.  This  piston  gave 
satisfactory  service  until  a  new  one  arrived. 

The  ability  to  prevent  avoidable  accidents  and  keep 
power-plant  apparatus  in  service  under  circumsfances  of 
distress,  is  what  makes  some  men  better  engineers  than 
others. 

The  way  to  acquire  fliis  ability  is  to  locate  the  weak 
and  vital  spots  in  the  plant  and  determine  what  will  bo 
till'  best  thing  to  do  should  this  or  that  piece  of  apparatus 


Are  Your  Boilers  Safe? 

The  average  engineer,  when  asked  this  question,  would 
probably  answer  by  .stating  that  his  boilers  were  regularly 
inspected  ijy  a  competent  inspector  and  that  he  never  ex- 
ceeded the  limit  of  pressure  allowed  and.  therefore,  con- 
sidered his  boilers  safe.  This  line  of  reasoning  is  per- 
fectly correct  as  far  as  it  goes;  but  do  you  do  your  part 
in  aiding  the  inspector  to  properly  diagnose  your  plant 
conditions?  It  is  proper  and  right  that  dependence 
should  be  placed  on  a  specialist  in  the  matter  of  fixing 
the  safe  limit  for  pres.sure.s,  but  you  would  not  think  of 
paying  a  .specialist  to  treat  you  for  a  di.sease  without  an- 
swering every  one  of  his  questions  to  the  best  of  your 
ability  and  volunteering  further  information,  that  you 
thought  might  be  useful  to  him  in  prescribing  for  you. 

The  maximum  pressure  allowable  on  a  boiler  is  usually 
determined  by  a  consideration  of  its  construction  and 
the  quality  and  condition  of  its  parts.  There  are  many 
things  to  be  considered,  however,  exterior  to  the  boiler 
itself  which  go  toward  making  it  safe.  In  fact,  the  ex- 
plosion of  a  .sound  boiler,  due  to  an  overpressure  of  steam, 
is  not  one  of  the  most  frequent  causes  of  boiler  accidents. 
In  determining  conditions  external  to  the  boiler  itself, 
the  man  on  the  job  can  i)e  of  the  greatest  a.ssistance  to 
the  inspector. 

Hake  the  inspector  your  confidant  in  all  matters  per- 
taining to  the  question  of  your  plant  and,  by  all  means, 
tell  him  fully  of  any  changes  that  may  have  occurred 
i)etween  his  visits — whether  you  believe  they  should  be 
apparent  or  not. 

For  example,  a  condition  that  may  seriously  afl'ect  the 
safety  of  your  boilers,  and  which  might  easily  escape  the 
notice  of  the  most  competent  insi)ector,  is  one  of  strain 
on  the  pijje  connections  produced  by  improper  set- 
ting repairs.  The  .setting  walls,  at  the  time  of  the  in- 
spector's visit,  may  lie  in  first-class  condition,  but  when 
repairs  were  nuide,  proper  attention  might  not  have  been 
given  to  the  adjustment  of  the  position  of  the  boiler  so 
that  all  strains  that  might  have  been  produced  on  the 
pipe  connections,  due  to  settling,  woidd  be  removed.  With 
several  l)oilers  connected  to  a  header,  and  es]x>ciaHy  if 
the  connections  Ix^ween  the  header  ami  the  iioilers  arc 
very  short  or  direct,  the  engineer  should  make  <ertain 
tliat  no  strain  exists  in  the  connections,  due  to  a  shift  in 
position  of  the  boilers. 

Tf  the  ])lant  is  new  to  the  man  in  charge,  he  should 
lake  the  precaution  to  test  the  freedom  of  the  i)ii)ing  by 
unbolting  or  loosening,  the  connecting  bolt:",  to  .see  if 
it  springs  out  of  position.  Regardless  of  the  theories 
of  boiler  explosions,  it  is  well  established  that   the  sud- 
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deu  breaking  of  a  eouuectioii  may  produce  an  explosioD 
of  the  boiler. 

If  you  shoidd  be  asked  if  the  pipe  connections  to  your 
boilers  were  under  undue  strain  could  you,  from  posi- 
tive knowledge,  answer  "No?"  Better  try  them  the  next 
time  the  plant  is  shut  down.  It  may  be  you  cannot  force 
the  connections  together  again  after  loosening  them.  Do 
you  want  to?  If  you  cannot  get  repairs  made  in  time 
to  start  Monday  morning,  explain  the  circumstances  to 
the  boss.  If  his  office  is  at  the  plant,  the  chances  are 
ten  to  one  that  he  will  thank  you  instead  of  growling. 

Police  E>epartment  to  Lose  BoiJer 
Inspection  Bureau? 

Engineers  of  New  York  City  are  again  wondering  if 
the  Boiler  Squad  of  the  Police  Department  is  to  be  dip- 
continued. 

During  the  Aldermanic  Investigating  Committee's 
probing  into  the  conduct  of  the  Police  Department,  the 
question  of  the  expediency  of  continuing  in  that  depart- 
ment, the  duties  of  boiler  inspection,  was  raised.  Subse- 
quently the  Bureau  of  Municipal  Eesearcli  investigated 
the  work  of  the  Boiler  Squad  and  submitted  its  report 
to  the  Aldermanic  Investigating  Committee.  The  chief 
parts  of  this  report  are  printed  on  page  618  of  this  is- 
sue. 

Besides  charging  previous  squads  with  grafting,  the  re- 
port states  that  some  of  the  present  inspectors  were  clerks, 
gasfitters  and  just  ordinarj-  patrolmen  before  appointment 
to  their  present  positions.  It  is  also  said  that  one  of  the 
examiners  was  a  lumber  inspector,  time  keeper,  etc.,  be- 
fore assuming  his  present  duties.  Xine  boiler  inspectors 
are  claimed  to  have  to  inspect  an  average  of  forty  boilers 
a  day. 

Immediately  following  these  charges  the  report  states 
that  the  present  squad  under  Lieutenant  Van  Keuren  is 
doing  better  work  than  previous  squads  had  done.  One 
who  did  not  know  the  "'previous  squads"  wonders,  after 
reading  the  report,  if  they  were  composed  of  pirates  of 
the  Spanish  Main  type. 

After  making  proper  investigations  we  conclude  that 
the  present  squad  is  really  doing  as  good  work  as  it  will 
be  permitted  to  do.  Responsible  engineers  in  the  city 
know  that  they  receive  a  "squarer  deal"  from  its  hands 
than  they  have  ever  received.  The  taking  of  fifty  dollars 
with  you  to  insure  getting  your  license  is  said  to  be  now 
unnecessary. 

With  all  due  commendation  to  Lieutenant  Van  Keurerr, 
we  again  emphasize  the  importance  of  taking  from  the 
Police  Department  the  duties  of  the  Boiler  Squad.  The 
department  is  no  more  fit,  practically  or  technically,  for 
the  duties  than  is  the  Street  Cleaning  Department.  But 
if  these  duties  are  to  be  transferred  to  the  Bureau  of 
Licenses — and  that  is  where  the  Mayor  wants  them — and 
be  subject  more  than  ever  to  rotten  political  influence, 
let  them  be  performed  by  the  police  Boiler  Squad.  It  is 
better  to  have  something  that  is  getting  better  than  some- 
thing that  is  worse  and  will  become  still  worse. 

The  report  of  the  Bureau  of  Municipal  Research  recom- 
mends that  the  office  of  Commissioner  of  Public  Safety 
be  created,  and  that  this  office  take  over  all  engineering 
duties.  This  recommendation  is  commendable  and  we 
hope  to  see  the  office  created. 


New  Jersey's  State    License    Law 

Xew  Jersey  is  the  latest  state  to  fall  in  line  with  those 
having  state  laws  providing  for  the  examination  and 
licensing  of  engineers  and  firemen.  This  act  is  printed 
in  full  on  page  618  of  tliis  issue. 

The  engineers  of  New  Jersey  have  worked  for  over 
thirty  years  for  a  law  of  this  kind  and  its  final  enact- 
ment must  be  a  great  satisfaction  to  them. 

Before  this  bill  was  introduced  in  the  assembly,  an 
enabling  act  was  before  that  body,  authoring  municipal- 
ities to  regulate  engineers'  examinations  and  licenses  by 
their  own  ordinances.  At  the  time,  we  pointed  out  edi- 
torially the  weaknesses  of  enabling  acts,  showing  that  in- 
stead of  being  entering  wedges,  they  were  additional  bar- 
riers to  progress  toward  sound  license  legislation.  We 
were  pleased,  therefore,  to  see  the  present  law  substituted 
for  the  enabling  act. 

Just  as  upon  all  previous  occasions,  there  was  strong 
opposition  to  the  enactment  of  this  law.  But  it  finally 
passed  both  houses  only  to  be  lost,  literally  lost,  just  as 
though  rats  had  eaten  it,  before  it  received  the  governor's 
signature.  After  the  legislature  had  adjourned  and  late 
in  the  afternoon  of  the  last  day  on  which  the  governor's 
signing  it  could  prevent  the  bill  being  thrown  out  by  de- 
fault, the  "lost"  bill  was  found  and  signed,  another 
demonstration  of  the  necessity  of  eternal  vigilance  in 
this  matter. 

Although  nothing  is  said  in  the  bill  about  grading  en- 
gineers, it  is  assumed  that  the  bureau  which  is  empowered 
to  draw  up  any  necessary  rules  and  reg^uiations,  will  see 
to  it  that  there  will  be  three  grades  of  licenses. 

Despite  the  favorableness  of  the  new  law,  we  cannot 
refrain  from  expressing  regret  that  it  does  not  provide 
also  for  the  inspection  of  steam  boiler-s.  New  Jersey  with 
her  numerous  and  rapidly  expanding  industries  needs 
such  laws  to  go  hand  in  hand  with  the  recently  enacted 
license  law.  One  law  or  set  of  laws  is  not  complete  with- 
out the  other.  The  greatest  good  to  the  public,  to  manu- 
facturers and  to  engineers  cannot  be  realized  until  both 
laws  are  jointly  enforced. 

We  are  pleased  to  see  the  enforcement  of  the  law  and 
the  establishment  of  the  license  bureau  come  under  the 
Commissioner  of  Labor.  The  work  Commissioner  Bryant 
has  done  in  having  safety  devices  installed  in  factories 
and  in  securing  fire  prevention  legislation  is  good  evi- 
dence that  the  license  bureau  will  be  well  conducted.  If 
a  department  of  boiler  inspection  is  created,  we  hope  it 
will  take  over  the  license  bureau  and  be  placed  in  the 
Department  of  Labor. 


••There's  nothing:  so  bad  but  it  might  be  worse."  is  rather 
melancholy  cheer.  Nevertheless,  it  does  us  good  to  get  our 
minds  off  from  our  own  troubles  occasionally  by  thinking 
of  another's.  Then  when  -we  come  back  to  our  own  they  do 
not  seem  quite  so  serious.  So  we  hope  that  the  verses  on  our 
foreword  page  may  put  new  courage  into  the  hearts  of  some 
of  our  firemen  friends,  who.  perhaps,  did  not  kno'n^  any 
could  be  quite  so  unfortunate  as  they,  until  they  heard  of  the 
Mallet   firemen. 


Does  not  the  contemplation  of  such  a  power  plant  as  the 
new  Northwest  Station  of  the  Commonwealth  Edison  Co., 
described  in  this  issue,  make  you  proud  of  this  day  and  gen- 
eration and  the  profession  with  which  you  are  connected? 
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Emergency  Repair  Kinks 

The  two  emergency  repairs  described  below  were  re- 
cently made  to  pumps  in  an  Australian  mine. 

The  whole  stuffing-box  blew  out  of  the  cover  of  the 
water  cylinder  of  a  duplex  pump.  When  the  engineer 
reached  the  pump  room  the  water  was  3i/2  ft.  deep  and 
rising  rapidly. 

Two  screw  jacks  were  quickly  made  out  of  %-in. 
round  iron,  pointed  at  one  end  and  screwed  into  a  long 
nut  at  the  other  end.  The  broken  parts  were  then  treated 
with  white  lead,  pushed  back  with  packing  in  the  stufE- 
ing-box  and  the  screw  jacks  then  placed  in  position  be- 
tween the  broken  stuffing-box  and  the  steam-cylinder 
cover. 

This  job  made  good  until  the  receipt  of  a  new  cover 
and  stuffing-box  from  Sydney. 


being  whole,  the  second  one  had  a  piece  cut  out  and  so  on 
until  it  was  of  the  right  shape.  After  putting  red  and 
white  lead  between  each  layer  of  rubber  the  flange  was 
bolted  together;  the  pump  delivering  50  per  cent,  more 
water  than  when  it  was  first   installed. 


A  direct-acting  steam  pump  lost  the  water  on  one  side 
and  the  piston  broke  the  cylinder  head.  The  cylinder 
had  a  bore  of  12  in.  The  cover  was  broken  into  three 
pieces,  equally  divided  at  almost  120  deg.  each. 

The  three  pieces  were  clamped  together  in  a  lathe 
chuck  and  a  groove  6  in.  in  diameter  was  turned  on  its 
face.  The  broken  surfaces  were  then  painted  with  red 
lead  and  a  mild  steel  ring  shrunk  into  the  groove. 

This  job  held  against  a  pressure  of  13.5  lb.  per  sq.in. 
until  a  new  cover  was  received. 

W.  VixcENT  Treeby. 

Goodmayes,  Eug. 

Deep  Well  Pump  Problem 

How  water  was  raised  from  a  6-in.  ilriven  well  when 
the  water  level  had  dropped  may  be  of  interest.  The 
Well  was  90  ft.  deep  and  when  the  pump  was  first  in- 
stalled the  working  barrel  was  in  15  ft.  of  water.  As  the 
water  delivered  was  continually  getting  less,  steam  and 
water  pipes  leading  to  the  pump  were  disconnected  and 
after  sliding  the  pump  aside,  the  sucker  rods  and  work- 
ing barrel  were  pulled  out.  By  dropping  a  line  down 
we  found  but  2  ft.  of  water  in  the  well,  a  drop  of  13  ft. 
in  the  eiglit  year.s  the  well  had  been  in  service. 

After  pulling  out  the  old  strainer  and  lowering  a  new 
one.  the  sand  was  pumped  from  under  it  until  there  was 
12  in.  of  strainer  left  in  the  ca.sing.  To  make  a  water- 
tight joint  between  the  strainer  and  casing  a  wooden  ring 
C  was  made,  wedge  shape  to  fit  inside  of  the  casing  and 
outside  of  the  strainer  collar,  which  wa.s  driven  tightly 
into  the  ring.  As  the  new  strainer  was  15  ft.  longer  than 
the  old  one,  there  was  17  ft.  of  water  in  the  well. 

The  working  barrel  was  double-acting  and  it  was  nec- 

■  to  use  a  1-in.  wrought-iron  pipe  instead  of  the  old 

! -n  sucker  rods.     After  lowering  the  working  barrel 

place  and   when  about  to  connect  the  ])ump.   it  wa.s 

found   that  the  flange  tee  connecting  the  pump  to  the 

water  line  was  V2  '"•  out  of  square,  as  at  li,  so  a  gasket  of 

several  pieces  of  .sheet  rubber  was  made,  the  first  piece 


Casixg  of  Deep  Well 


At  A  is  shown  a  tool  made  for  ]iulling  out  the  old 
strainer,  a  piece  of  lV2-iu-  square  iron  was  slotted  to  re- 
ceive the  steel  jaws  with  a  sctscrcw  to  hold  them  in  place. 

W.  Chuisaxa. 

Brooklyn,  X.  Y. 


Losses  Due  to  Compressor  Piping 

In  the  steam  plant,  of  which  T  have  charge,  there  was 
installed,  shortly  before  I  came,  a  single-stage  8  and  10 
by  8-in.  steam-driven  air  compressor.  Contrary  to  the 
advice  of  the  engineer  and  the  agent  who  sold  it,  the 
owner  insisted  on  setting  u))  the  machine  in  a  small  room 
something  over  100  ft.  from  the  boiler. 

The  steam  line  was  2  in.  in  diameter  throughout  it<! 
length  and,  due  to  an  oversight  in  installation,  was  con- 
nected with  a  2-in.  line  already  heavily  loaded.  As  a 
result,  the  machine  not  only  failed  to  do  the  work,  but 
the  cost  of  operating  was  far  above  what  the  owner  had 
expected. 

I  advised  moving  the  rnachiiic  to  the  engine  room  near 
(he  boiler,  or,  at  least,  to  pipe  it  to  a  separate  steam  line, 
but  nothing  was  done  and  it  was  impossible  to  convince 
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the  owner  that  the  long  steam  line  was  the  direct  cause 
of  the  trouble,  until  I  put  a  gage  on  the  steam  pipe  at  the 
compressor  tlirottle,  which  showed  scarcely  TO  lb.,  al- 
though the  boiler  gage  showed  100  lb.  pressure. 

After  this,  there  was  no  longer  any  question  about 
moving  the  machine,  which  was  done  at  once.  The  fol- 
lowing shows  the  result  obtained  by  the  change  in  steam 
aud  air  lines :  Before  moving  the  machine  it  ran  at  200 
r.p.m.  with  a  maximum  air  pressure  of  30  to  -10  lb.  per 
sq.in.  at  a  cost  for  coal  of  $55  per  month.  After  moving 
the  machine  the  revolutions  were  reduced  to  135  per 
min..  but  the  air  pressure  was  increased  to  from  50  to  70, 
while  the  fuel  cost  per  month  was  $29. 

A.  D.  Pal-MEe. 

Roxburv.  Mass. 


Leaking  Nipple    Disables  Superheater 

We  did  not  fully  realize  what  75  deg.  superheat  meant 
to  our  3000-kw.  turbine,  until  one  day  it  refused  to  carry 
the  overload  it  usually  carried  writh  a  slight  increase  in 
coal  consumption. 

The  illustration  shows  an  end  view  of  the  steani  drum, 
three  units  and  the  superheater  of  one  of  our  boilers. 


bHowixG  Leaky  Xipple  Which  Disabled 
Superheater 

There  are  three  4-in.  pipes  leading  from  the  steam  drum 
to  Xo.  1  superheater  header.  The  nipple  connecting  one 
of  the  rear  units  to  the  steam  drum  leaked  badly  and 
the  water  sprayed  on  the  superheater  as  shown.  This 
turned  the  superheater  into  a  condenser. 

Thomas  Sheehax. 
Xorth  Adams,  Mass. 


An   Object   Lesson 

Over  one-half  of  the  business  places  in  this  city  were 
in  darkness  the  night  of  Mar.  25,  the  Cleveland  Electric 
Illuminating  Co.  being  unable  to  supply  current,  because 
its  plant  was  flooded.  Our  largest  stores  were  compelled 
to  close  up  long  before  their  usual  time  and  their  loss 
in  trade  will  amount  to  many  thousands  of  dollars.  This 
perhaps  opened  the  eyes  of  some  of  our  business  men  to 
the  fact  that  had  they  plants  in  their  own  buildings  they 
would  have  been  able  to  accommodate  their  trade  in- 
stead of  turning  them  away  and  losing  a  large  part  of 
what  such  a  plant  would  cost  them. 

Xearlv  all  the  lisht  in  the  business  section  was  fur- 


nished by  the  isolated  plants,  and  these  buildings  loomed 
up  as  monument.^  of  foresight  and  prudence. 

0.  X.  POJIEROY. 

Cleveland,  Ohio. 

[Central  stations  must  locate  near  .a  river  or  other 
plentiful  supply  of  water  and  are  thus  endangered  by 
floods.  The  Cleveland  experience  was  unusual  on  account 
of  the  extraordinary  floods. — Editor.] 

Repair  to  a  Slipping  Pulley 

A  large  split  wooden  pulley  in  uur  plant  gave  much 
trouble,  due  to  slipping  on  the  shaft. 

To  correct  the  evil  a  clamp,  shown  in  the  illustration, 
was  securely  fastened  to  the  shaft  next  to  the  hul)  of  the 


Clamp  with  Extexsiox  Pieces  to  Prevext  Slippixg 
OF  Pulley 

pulley.  Two  strips  of  hardwood  were  then  bolted  to  the 
clamp  at  each  end  and  projected  into  the  pulley  so  as  to 
each  bear  against  the  oppasite  sides  of  the  pulley  frame. 

The  arrangement  works  well,  and  the  normal  load  is 
carried  without  fracture  to  the  clamp. 

Frederick  L.  Joiixsox". 

Paterson,  X.  .J. 

Repairing   a  Leaky    Flange 

In  a  main  supi'lying  steani  to  two  high-speed  com- 
pound engines  the  flange  B,  Fig.  1,  developed  a  leak  at  C. 
Due  to  the  method  of  calking  the  steam  pipe  in  a  recess 
cast  or  turned  in  the  flange,  it  became  a  difficult  prol)lem 
to  stop  the  leak.  Fig.  2  shows  how  the  pipe  was  flanged 
over  into  the  recess  D.  Obviously  any  attempt  at  screw- 
ing the  flange  along  the  pipe  would  increase  the  leak. 

To  effect  a  permanent  repair  the  best  way  would  have 
been  to  take  down  the  length  of  pipe,  leaving  the  flange  .1 
attached,  and  calk  the  pipe  back  in  the  recess.  This 
method  would  have  entailed  considerable  labor  and  time, 
and  it  would  have  been  necessary'  to  shut  down  the  plant 
for  at  lea.st  two  days.  Rather  than  do  this  it  was  decided 
to  make  the  repair  in  the  following  manner: 

The  steam  main  is  14  in.  in  diameter  and  carries  a 
pressure  of  250  lb.  per  sq.in.  To  effect  the  repair  a  pat- 
tern was  made  for   a  split  cast-iron  flange.   Fig.   3,  to 
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fit  llic  .steam  main.  Another  pattern  wa,s  made  from 
whieh  to  cast  a  copper  ring,  Fig.  4,  of  suitable  size  to 
encircle  the  pipe.  The  holes  in  the  cast-iron  flange  were 
drilled  to  correspond  with  the  holes  in  the  flange  on  the 
pipe.  The  copper  ring  was  split  as  indicated  and  fitted 
with  straps  to  hold  the  two  halves  together.  The  main 
flange  had  twenty-two  %-in.  bolts  and  the  split  flange 
II  bolts,  as  the  full  number  could  not  be  inserted  on  ac- 
( (Hint  of  the  flanges  at  EE,  Fig.  3. 

When   the   split    flange   and   copper   ring   were   ready, 

the  steam  pressure  was  allowed  to  fall  at  an  opportune 

time  and  the  main  stop  valve  was  clo.sed  on  the  line.     At 

the  leak  tlie  surfaces  of  the  flange  and  ]iipe  were  cleaned 

A      B 


One  night  tlie  dome,  attached  by  a  nipple  to  a  hori- 
zontal return-tubular  boiler,  blew  off.  The  boiler  was 
connected  with  a  header  and  two  other  boilers  carryitig 
100  lb.  steam  pressure.  The  accident  occurred  a  short 
time  after  the  engineer  opened  the  feed-water  valve  to 
put  two  or  three  more  inches  of  water  into  the  boiler  be- 
fore firing  up  for  the  peak  load. 

When  the  dome  was  examined  it  was  found  that  the 
flange  had  been  slipped  over  the  reduced  part  of  the  dome 
and  that  the  inside  of  the  dome  nipple  was  peenedwith 
a  hammer  in  but  five  or  six  places.  How  the  boiler  ran 
without  tniuble  for  several  years  with  such  dangerous  and 
(riniinal   constructidii    is   not   understood.      A   4-in.   pipe 


and  a  heavy  quality  of  tinfoil  was  calked  into  the  crack. 
One  turn  (U'  ring  of  heavy  copper  wire  was  placed  around 
the  i)ipe  and  against  the  tinfoil,  the  ends  of  the  wire 
being  soldered  together.  The  soft  copper  ring  shown  in 
Fig.  4  was  placed  around  the  pipe.  The  split  cast-iron 
flange  was  now  placed  on  the  pipe,  bolted  at  EE  and 
]iulled  into  place  by  means  of  the  long  ^-in.  bolts  shown 
at  F,  Fig.  5,  which  passed  completely  through  the  three 
flanges.  Each  bolt  had  two  nuts,  as  shown.  A  permanent 
and  satisfactory  job  was  thus  completed  without  shut- 
ting down  the  plant  or  incurring  the  expense  of  outside 
labor. 

William  Kavanagh. 
New   York   City. 

Radiator  as  Closed  Heater 

In  many  small  plants  the  drips  from  steam  kettles  or 
other  ap]>aratus  return  to  a  hotwell,  from  which  they  are 
pumped  back  into  tlie  boiler  at  a  more  or  less  high  1^un- 
perature,  generally  less,  while  the  exhaust  from  the  boiler- 
feed  pump  probably  blows  away  into  the  atmosphere. 

A  simple  arrangement  for  improving  both  of  these  con- 
ditions is  to  place  an  old  radiator  in  the  hotwell  (one 
with  a  top-feed  inlet  preferred)  connect  the  cxhatist  pipe 
from  the  feed  pump  into  the  top  feed  and  let  the  ex- 
haust outlet  be  from  the  bottom,  and  opposite  end  of  the 
radiator.  This  converts  the  .«o  called  hotwell  into  one 
in  reality,  the  radiator  acting  as  a  ilosed  heater. 

Ja.mks  E.  Noblk. 

Toronto,  Out..  ( 'anada. 


Engine  Wrecks  and   Remedies 

How  many  onginocrs  ever  examine  a  broken  piece  of 
niaehinery  aiul  study  it — not  only  how  to  liest  rejiair  it 
as  soon  as  possible,  luit  with  a  view  of  changing  the  de- 
sign so  that  the  weakness  will  be  eliminateil  and  another 
break  in  the  same  place  prevented?  Tt  is  sometimes  a 
pood  invpsfmeiit  to  substitute  bronze  for  brass  and  for 
cast   iron,  and  steel  for  cast   iron. 


and  flange  took  the  place  of  the  dome,  which  removed  the 
dangerous  feature. 

Automatic  boiler-stoji  valves  should  be  placed  in  the 
main  outlet  as  close  to  the  boiler  as  possible  and  a  gate 
valve  put  in  close  to  the  header.  A  drain  pipe  should  be 
put  in  the  bend  or  the  pipe  between  the  automatic  and 
header  valves.  When  a  boiler  is  cut  out  for  cleaning,  the 
automatic  and  header  valves  should  be  closed  aiul  the 
drain  valve  opened  to  the  atmosphere  so  that  no  water 
can  accumulate  in  the  pipe. 

After  a  boiler  has  been  thoroughly  cleaned  and  the 
automatic  valve  exaniined,  if  necessary,  it  should  be  left 
wide  open  so  that  when  the  steam  is  slowly  raised  in 
the  boiler  ihe  automatic  valve  will  rai.se  the  disk  and  al- 
low the  pipe  connecting  with  the  header  to  slowly  warm 
up  and  trap  the  water  back  into  the  boiler.  When  the 
steam  gage  on  the  boiler  and  the  battery  and  header 
register  the  same,  the  boiler  should  be  cut  in. 

A  bypass  valve  around  the  header  valve  is  handy  if  it 
is  desired  to  warm  up  the  pipe  connecting  the  boiler  and 
header  and  equalize  the  [iressnre  before  o])ening  the 
header  valve. 

In  a  pumping  plant  a  ]unnp  worked  against  a  pressure 
of  62.5  lb.  per  sq.in.  The  ciank  rod  broke,  due  to  the 
crankpin  working  loose  in  the  ci-ank  disk.  The  design 
was  changed  and  the  crankpin  and  <lisk  made  in  one  piece, 
although  it  rost  about  twice  as  much  as  the  standard 
crankpin  and  ci-ank  disk. 

In  another  ])lant  the  4-in.  crankshaft  of  a  high-s|ieed. 
tanilem-compound,  80-hp.  engine  crystallized  and  broke 
close  to  the  disk.  In  the  o]iinion  of  the  writer  the  crank- 
shaft should  have  been  at  least  6  in.  in  diameter,  and 
a   lighter   flywheel   \\>n'i\. 

.\s  to  pumiis.  a  brass  or  habbilt  I'ing,  niaki?ig  a  nice  fit 
in  the  oil  (Mul  of  a  crude-oil  |nimp  will  save  hydraulic 
))acking.  Cast-iron  snap  rings  in  the  water  end  of  a 
boiler-feed  ])nm]i  will  last  nuiiiy  times  as  long  as  hy- 
draidic  packing,  if  there  is  considerable  sand  oi-  grit  in 
the  water. 

Pasadena.  Calif.  \V.  M.  (ii.ASS. 
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Buckling  of  Boiler  Tubes 

Being  particularly  interested  in  this  subject  I  read  the 
letter  of  C.  S.  Davis,  on  page  427,  and  the  several  let- 
ters that  had  preceded  it,  hoping  to  get  a  view  of  the 
matter  from  some  new  angle.  From  quite  a  varied  ex- 
perience with  tube  troubles  of  this  character,  I  find  that 
all  the  correspondents  on  the  subject  have  apparently 
correct  points  of  view  in  some  respects;  but  all  of  the 
views  of  none  coincide  with  my  experiences  along  this 
line. 

"W.  A.  McCooU's  contention  (as  expressed  in  the  July 
9  issue)  that  differences  in  temperature  between  the  in- 
ner and  outer  surfaces  cause  differences  in  the  expansion 
that  gradually  rack  the  tube  can  hardly  be  assumed  to  be 
reasonable.  Experiments  on  the  transmission  of  heat 
through  boiler  surfaces  ha^e  shown  that  practically  all 
the  resistance  to  heat  transmission  is  experienced  in  get- 
ting the  heat  into  the  metal  surface  and  from  it  into  the 
water,  the  resistance  to  the  transmission  of  the  heat 
through  the  metal  itself  being  practically  negligible,  par- 
ticularly so  for  very  thin  surfaces,  such  as  boiler  tubes. 
Without  appreciable  resistance  to  the  passage  of  the  heat 
we  can  assume  no  considerable  differences  in  the  tem- 
perature between  the  inner  and  outer  surface  of  the  tube. 

Mr.  Davis'  first  letter,  on  page  313  of  the  Aug.  27  is- 
sue, is  evidently  considerably  in  error.  In  the  first  place, 
as  pointed  out  by  the  editor,  it  is  possible  to  overheat  a 
clean  tube  under  certain  conditions,  that  is,  a  tulje  that 
would  be  considered  clean  for  boiler  operation.  If  a  tube 
had  a  polished  surface  in  contact  with  the  water,  it  would 
be  much  more  difficult  to  overheat  it.  Mr.  Davis'  state- 
ment that  the  tubes  of  water-tube  boilers  always  bow 
upward  when  overheated  by  scale  deposits  is  not  borne 
out  by  my  experience,  which  has  been  that  the  tubes  on 
the  lower  rows  of  vertically  baffled  boilers,  such  as  the 
B.  &  W.  type,  are  likely  to  bow  in  almost  any  direc- 
tion, with  possibly  a  slight  preference  toward  sagging.  In 
horizontally  baffled  boilers,  such  as  those  of  the  Heine 
tj-pe,  the  decided  preference  is  toward  upward  bowing, 
notwithstanding  the  fact  that,  to  bow  in  this  manner, 
the  weight  of  the  tile  baffles,  as  well  as  that  of  the  tubes 
themselves,  must  be  raised. 

The  common  theory  is  that  a  tube  will  be  bowed  con- 
vexed  on  the  hot  side  and  to  explain  the  eccentricity  of 
the  bowing  of  the  tubes  in  the  horizontally  baffled  boil- 
ers, it  is  usually  assumed  to  be  caused  by  the  overheating 
of  the  upper  part  of  the  tube  produced  by  its  contact  with 
the  hot  baffle  tile,  when  the  boiler  is  emptied  too  soon 
after  shutting  down.  This  theory  has  failed  to  appeal 
to  me,  because  I  have  known  instances  of  such  distortion 
where  it  was  certain  that  no  such  careless  methods  had 
been  pursued.  The  question  naturally  arose  as  to  whether 
a  tube  would  necessarily  bow  convexed  on  the  heated 
side;  and  an  experiment  with  a  gasoline  torch  soon  con- 
vinced me  that  the  bending  would  be  just  the  opposite 
if  the  tube  was  heated  locally  in  spots.    The  explanation 


for  this  is,  that  when  a  spot  on  a  tube  is  heated,  the  stiff- 
ness of  the  structure  prevents  distortion  to  such  an  ex- 
tent that  the  metal  at  the  heated  point  will  be  upset  and 
when  the  tube  returns  to  a  uniform  temperature  in  all 
parts  the  heated  side  is  shorter  than  the  opposite  one. 
If  a  boiler  of  the  horizontally  baffled  type  is  fired  dry  the 
bottom  tubes  will  sag,  due  to  the  weight  of  tile  on  them. 
Mr.  Davis'  theory  regarding  the  presence  of  scale  in 
half  the  tube,  holding  it  so  that  it  will  concave  on  that 
side,  is  preposterous. 

On  the  whole,  Mr.  Summer's  experiences  and  ideas 
coincide  with  mine  on  this  subject,  except  as  to  the  bow- 
ing of  the  tubes  in  the  horizontally  baffled  type  of  water- 
tube  boilers,  and  here  our  experiences  have  been  diamet- 
ricallv   opposed. 

J.  K.  Tkuman. 

Hartford,  ('(inn. 


"V^alve  Setting 


In  Power's  booklet,  ''Valve  Setting,"  on  the  second 
page  of  the  article,  "Setting  the  Valve  of  a  Slide- Valve 
Engine,"  is  the  following  statement  regarding  locating 
the  dead  center  of  an  engine:  "Always  turn  the  engine 
in  the  direction  in  which  it  is  to  run  to  bring  it  to  a 
given  point  and  never  back  up  to  that  point."     These 


Valve  Settixo 

may  not  be  the  exact  words  used,  but  tiiey  convey  the 
same  meaning. 

I  do  not  agree  with  this.  My  theory  and  practice  is 
always  to  turn  the  engine  in  the  opposite  direction  in 
establishing  such  points,  because  tlje  pressure  on  the  pis- 
ton on  the  outstroke  puts  the  connecting-rod,  etc.,  in 
compression  and,  to  have  it  again  in  compression  when 
the  engine  is  turned  over  by  hand  (by  a  force  applied 
]3resumbly  to  the  flywheel),  it  must  be  turned  in  the  op- 
posite direction  to  the  normal  running  direction.  The 
same  facts  hold  for  the  return  stroke. 

Referring  to  the  accompanying  sketch,  if  the  engine 
runs  in  the  direction  of  the  large  arrow,  then,  to  locate 
points  A  and  B,  the  engine  should  be  turned  in  the  di- 
rection of  the  arrows  at  those  points.  C,  the  center,  will 
be  half  way  between. 

The  method  just  detailed  will  properly  take  care  of  all 
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back  lash  iu  counecting-rod,  crosshead,  etc. ;  but  works 
just  wrong  for  the  back  lash  in  the  valve-gear.  If  the 
back  lash  in  the  valve-gear  is  greater  than  the  back  lash 
m  the  connecting-rod,  etc.  (which  it  is  likely  to  be),  the 
engine  should  be  turned  just  opposite  to  the  direction  I 
previously  stated. 

Setting  a  valve  after  all  is  not  altogether  a  simple  op- 
eration. 

Fred  E.  Walchli. 

Katispell.  Mont. 

Why  Vacuum  in    Turbine    Decreased 

IJefcrriug  to  the  turlio-condenscr  prolilem  of  Stanley  C. 
Allen,  in  the  issue  of  Jan.  7,  I  would  state  that  I  have 
experienced  similar  trouble  with  the  vacuum  in  a  turbine 
of  the  same  make.  This  type  of  turbine  (Parsons)  has 
a  water  seal  of  about  5  lb.  per  sq.in.  (sustained  by  the 
head  of  water  from  a  tank  elevated  about  11  ft.)  to  pre- 
vent air  leakage  at  the  ends  of  the  turbine  shaft.     In 


Sealing  Gland 


Showiso  Leak  ix  Sealixg-Water  Pipe  ix.side  of 
Tlubine-Exhau.st  Exi) 

the  case  1  refer  to  the  vacuum  drojipcd  to  1.")  in.  It  was 
discovered  finally  that  the  pipe  supplying  water  to  the 
seal  at  the  exhaust  end  of  the  turbine  was  leaking,  This 
pipe  entered  the  exhaust  end  of  the  machine  and  con- 
tinued on  to  the  water  seal,  as  shown  in  the  sketcli.  As 
the  leaking  ell)ow  was  inside  the  casing  it  could  not  lie 
seen.     Perha])s  Mr.  Allen's  turbiiii'  was  likewise  affected. 

JoHX  E.  IIlrst. 
Louisville,  Ky. 

Air-Receiver  Explosions 

T  have  read  with  great  interest  the  letter  by  Letson 
Ralliet  on  "Air  Receiver  Explosions,"  in  the  Mar.  4  is- 
sue. I  have  often  noticed  large  de|)osits  of  grea.se  and 
dirt  in  receivers,  especially  in  the  bfittom  of  vertical  re- 
ceivers, and  think  that  a  large  portion,  if  not  practically 
all,  of  this  d('i)osit  might  be  prevented  from  ever  reach- 
ing the  receiver.  For  instance,  in  using  the  exhaust  from 
a  reciprocating  engine  a  separator  is  usually   provided 


for  removing  cylinder  oil,  unless  the  steam  is  for  some 
process  where  it  does  not  matter.  Where  the  steam 
does  not  come  into  direct  contact  with  the  process  it  is 
advisable  lo  remove  the  oil  or  otherwise  it  will  form  a 
heavy  deposit  and  prevent  the  passing  of  heat  efficiently. 
Again,  take  an  ammonia  compressor.  This  is  always 
provided  with  a  separator  to  remove  the  lubricating  oil. 
Would  it  not  be  worth  while  for  one  of  our  readers  who 
may  have  the  opportunity,  to  insert  a  separator  between 
his  compressor  and  receiver  and  let  the  other  readers  of 
Power  know  the  results? 

So  far  as  lubrication  goes,  there  is  not  much  chance  of 
this  being  properly  done  unless  the  engineer  will  fit  me- 
chanically driven  lubricators  and  set  them  himself,  so 
that  the  attendant  need  only  fill  them.  The  supply  of 
oil  will  then  be  controlled  by  the  piston  speed,  which  is 
the  object  required. 

E.  R.  Pearce. 

Rochdale,  Eng. 

Guards  for  Flywheel   Keys 

Recently  a  reader  suggested,  for  locking  keys  in  place, 
using  a  filling-in  piece  placed  behind  the  key  and  held 
in  position  by  a  countersunk  screw.  Fig.  1  shows  a  means 
I  have  seen  for  shielding  keys  of  gas-engine  flywheels. 

The  illustration  needs  little  explaining,  A  being  the 
crankshaft ;  B  the  boss,  or  hub,  of  the  flyw'heel ;  C  a 
cast-iron  cap  held  in  place  by  a  screw  D. 

Primarily  this  arrangement  is  to  protect  against  acci- 
dents from  the  key  catching  one's  clothing,  but  it  is  also 
useful  as  a  stopper  or  lock  for  the  key. 

At  Fig.  2,  is  shown  the  same  arrangement  a])plied  to 


FI6.  Z 
GrARDs  row  Fi.vwiiKKL  Keys 

a  key  away  from  the  shaft  end.  This  is  an  ordinary  col- 
lar recessed  to  pass  over  the  key  head  and  held  in  place 
by  a  setscrew  A,  which  may  be  sunk  into  the  keyseat 
slightly  as  a  greater  protection. 

F.  P.  Stracuan. 
Belfast,   Ireland. 


61() 


POWER 


Vol.  37.  Xo.  17 


iiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiililiiiiiiiiiiiiiiiiiiiiiiiiiiiilililiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiN iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiii^ 


,    INQUIRIES    OF     GENERAL    INTEREST    | 

iiiiiiiiiiiiiiiiniiiliniiiiniiiinuttiiiiiiiiiiinumiiiiiiiiiiiii m niiuimi iiiiiiiiiiiiiiiiiniiii i iiii in miiii iiiiiiimiiiini i ii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiniiiiiiiiii iiiiiiiii iiii iiiiiiiniiiiiiiii^ 


Cloth     Pini 

lubricated? 


An   application   of  graphite   once 
e-ood  running  condition. 


Rivets 

under     Shea 

many    ii\ 

ets 

are    in 

d 

shear? 

There 

are 

eight   r 

—In    a    quadruple-riveted     Joint     liow 
uble    and    how    many    are    in    a    single 


■ts  in  double  and  three  in  single  shear. 


Gas-Engine  Thermal  Efficiency — Do  large  gas 
a   higher    thermal    efficiency    than    small    ones? 


J.  J.  C. 


The  thermal  efficiency  of  an  internal-combustion  engine 
is  practically  independent  of  the  size.  It  depends  on  the 
initial  compression,  fuel  used,  thoroughness  of  mixture  or 
carburization.  Jacket-water  temperature  and  the  general 
design  of  the  combustion  chamber,  involving  the  proportion 
of  area  to  volume. 

Acld-Proof  Ventilators — Our  galvanized-iron  ventilators. 
exposed  to  sulphur  fumes  and  rain,  rust  through  in  a  year. 
What  causes  it?  Would  copper  last  longer?  If  not.  what  is 
better? 

W.  C. 

Moisture,  taking  up  the  sulphur  fumes,  forms  sulphuric 
acid,  which  is  destructive  to  galvanized  or  ungalvanized  iron. 
It  attacks  copper  almost,  if  not  quite,  as  readily.  Wood 
would  be  the  least  affected,  but  must  be  painted  anyway,  so 
that  it  would  be  Just  as  well  in  the  long  run  to  use  iron  thor- 
oughly painted  with  asphaltum.    or  better.   P.   &    B.    paint. 


Motors  Starting  trnder  Load — Where  an  alternating-cur- 
rent motor  must  be  started  under  load,  what  type  motor 
should   be  used? 

P.   J.   P. 

A  synchronous  motor  has  a  small  starting  torque,  hence 
cannot  be  started  at  full  load.  The  wound  rotor,  or  high- 
resistance  type  of  induction  motor,  may  be  started  under  load 
as  it  has  a  large  starting  torque,  but  the  ordinary  squirrel- 
cage  induction  motor  has  a  comparatively  small  starting 
torque. 

Good  references  to  read  in  this  connection  are  the  dis- 
cussion of  different  types  of  motors  and  their  characteristics 
in  the  article  by  A.  B.  Morrison  entitled  "Motors  and  Motor 
Applications."  printed  in  "Power,"  Feb.  25,  Mar.  4  and  Mar.  11. 
1912,  and  "Signification  of  Torque,"  by  Franklin  Van  Winkle 
in   the   Mar.    4.    1913.   issue. 


Sulphnr    in    Oil — In    oil    fuel    for    Diesel    engine 
percentage    of   sulphur    injurious? 


is    a    high 


H.  McC. 

combustion 

presumably 


Owing  to  the  high  temperature  within  the 
chamber  of  the  Diesel  engine  the  sulphur  is 
burned  completely  to  sulphur  dioxide  (SO;)  or  sulphur  tri- 
oxide  (SOa).  Neither  of  these  will  attack  the  metal.  Com- 
bined with  water,  however,  they  form  sulphurous  and  sul- 
phuric acids,  respectively,  which  are  injurious.  This  action 
is  very  improbable  within  the  cylinder  because  of  the  high 
temperature.  However,  with  a  long  exhaust  pipe  subject  to 
cooling,  it  has  been  found  that  the  exhaust  gases  will  be 
sufficiently  reduced  in  temperature  for  the  contained  mois- 
ture to  condense,  this  condensation  absorbing  the  SO2  and 
SO3.  the  acid  formed  attacks  the  exhaust  pipe.  Just  what 
percentage  of  sulphur  may  bo  considered  detrimental  is 
largely  a  matter  of  personal  opinion.  Both  the  British  and 
the  United  States  Navies  fix  a  maximum  of  0.75  per  cent. 

Cylinder  Lnbricant — What  grease  would  be  best  as  a  cyl- 
inder lubricant  in  place  of  oil?  Our  exhaust  steam  is  re- 
turned to  the  boilers  without  any  oil  separators.  Would  the 
grease  have   any  effect  on   the  boilers? 

M.    B. 

Grease  for  cylinder  lubrication  has  generally  been  dis- 
carded since  oil  manufacturers  have  been  able  to  furnish  oils 
suitable   for    almost    any    requirements    of    steam    temperature 


and  other  conditions.  Greases  can  be  furnished  suitable  for 
cylinder  lubrication,  but  no  grease  "will  distribute  itself  as 
positively  and  uniformly  as  the  proper  cylinder  oil.  Grease 
also  has  to  be  fed  by  some  type  of  pump  and  is  sure  to  gum 
and  carbonize  in  any  pockets  in  the  steam  chest  or  cylin- 
der. Any  cylinder  lubricant  will  be  carried  over  in  the 
exhaust.  Grease  would  tend  to  collect  in  spots  and  be  all  the 
more  likely  to  cause  burning  out  of  the  boiler  sheets.  A 
separator  would  remove  as  much  grease  as  oil  from  the  ex- 
haust steam,  but  even  with  a  separator  the  boiler  should  be 
frequently  inspected  and  cleaned  when  condensed  exhaust 
steam    is   returned   to    it    as   feed   water. 


M'ater  Hardness — When  a  water  is  said  to  be  hard,  what 
proportion  of  calcium  carbonate  or  calcium  sulphate  does  it 
contain? 

E.    J.    H. 

Whether  water  is  considered  hard  or  not  depends  on  its 
intended  use.  For  that  reason  hardness  is  generally  stated 
in  degrees  and  the  allowable  degree  for  any  given  use  speci- 
fied. According  to  Clark's  standard,  a  degree  of  hardness 
consists  of  one  grain  of  calcium  carbonate,  or  its  equivalent 
of  another  calcium  or  ma.gnesium  salt,  in  70.000  parts  of  water 
(one  English  gallon  of  277.274  cu.in.).  Reduced  to  the  Ameri- 
can   gallon    of   231    ou.in..    the    standard    becomes    1    grain    to 

=    1.2  American  gallons. 

231 
For    boiler    use    water    is   considered    hard    if   it   contains 
over    5    to    7    grains    of    the    salts    to    a    gallon,    that    is.    if    its 
hardness   is   more    than    6    or    S    deg. 


^lathematlcs  I*rol>leniN — Two  questions  I  would  like  to 
have  solved  (a)  A  wishes  to  row  across  a  river  2  miles  wide 
to  a  point  B  exactly  opposite.  He  can  row  it  in  14  hr.  The 
current  moves  down  stream  3  mi.  per  hr.  What  direction, 
with  reference  to  B  must  he  take  and  how  far  must  he  row 
to  reach  B?  (b)  A  ball  rolls  40  cm.  down  an  incline  in  1  sec. 
The  incline  is  500  cm.  long.  One  end  is  40. S  cm.  higher  than 
the  othei'.  What  is  the  value  of  g  (the  acceleration  of 
gravity)? 

F.  D.  S. 

(a)  When  A  rows  across  the  river  he  covers  a  path,  with 
respect  to  the  moving  water,  that  is,  the  hypotenuse  of  a 
triangle  having  an  altitude  of  2  miles  and  a  base  of  l\i  miles 
(the  distance  the  water  travels  in  the  time  the  man  crosses 
the  river — %  hr.).  These  two  sides  of  the  right  triangle  are 
in  the  ratio  of  3:4  and  of  such  a  triangle  the  hypotenuse  is 
as    5,   so    that   it   actually    is    2i^    mi.      That    is,    the   distance    A 


lias    to    row   and    the    direction    he   take 


t'ith   respect    to 


upstream  at  an  angle, 

closely   37   deg. 

(b)    The    accelerati 
from    the    formula 
s  =  %    pt= 


sine  of  which 


1.5 


O.G,   or  very 


in    parallel    to    the    plane    -will    be    foutld 


Distance  =  40 
Acceleration  = 
Time    =    1    sec. 


Then 

40  = 


plane, 
the  fo 


m  this  and  the  ratio  of  the  height  to  the  length  of  the 
the  acceleration  of  gravity  g  may  be  obtained  from 
■niula 


■V, 

here 

a 

= 

Acceleration    =    SO 

cm. 

per 

sec. 

h 

= 

Height  of  plane  = 

40.8 

cm. 

1 

= 

Length  of  plane   = 

500 

cm. 

SO 

= 

40.S 

■ X   g 

500 

SO  X  500 
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Principles  of  Combustion — II 

Measurement  of  Heat 

Xow,  before  we  take  up  combustion,  coal  analysis  ami 
similar  subjects,  we  ought  to  get  a  good  working  idea 
iibout  how  heat  is  measured  because  it  is  necessary  to 
measure  the  heat  generated  and  absorbed  so  as  to  know 
what  results  we  are  getting. 

Heat  is  measured  by  its  intensity  or  degree  and  by  its 
amount  or  quantity.  If  you  lighted  an  ordinary  match 
and  held  it  so  the  flame  struck  the  business  end  of  a 
quick-acting  thermometer  that  could  stand  the  treatment, 
the  thermometer  would  indicate  a  certain  temperature, 
let  us  say  400  deg.  Then,  if  you  lighted  two  matches  and 
held  them  so  that  both  flames  struck  the  theriuometer 
it  might  astonish  you  when  you  found  the  thermometer 
sjiowed  only  the  same  temperature  as  before.     You  could 


Fig.  2.   Experiment  to  Show  That  a  Flame's  Tem- 
perature Is  Independent  of  Its  Size 

I  asily  see  that  there  was  twice  as  miicb  thuiK'  ami  it 
-lands  to  reason  that  there  was  twice  as  much  heat  bc- 
liiuse  you  were  burning  two  matches  instead  of  one  and 
two  matches  have  twice  as  much  wood  as  one.  Then,  why 
was  not  the  temperature  twice  as  great  ?  Because  the 
temperature  or  the  intensity  of  heat  depends  upon  the 
nature  of  the  fuel  and  the  way  it  is  burned  while  the 
amount  burned  determines  the  quantity  of  heat  created. 
'I'iie  fire  under  a  oO-hp.  boiler  may  be  just  as  "hot,"  the 
liinperature  may  be  just  as  high,  as  the  one  under  a 
r>()0-hp.  boiler,  yet  it  does  not  do  as  much  work,  that  is, 
iieat  as  much  water,  because  it  does  not  burn  as  much 
t'licl  and  consequently  does  not  generat<!  as  great  a  quaii- 
lity  of  heat. 

Xow,  it  is  seldom  possible  to  measure  the  quantity  of 
beat  direct,  but  it  is  quite  easy  to  calculate  the  quantity 
when  the  temperature  and  a  few  other  factors  are  knt)wn. 
This  is  true  because  heat  acts  according  to  fixed  laws. 


the  same  as  everything  else  in  this  world.  And  when 
you  once  understand  those  laws  it  is  easy  to  figure  out 
what  will  happen  when  certain  conditions  prevail. 

Definition  of  B.t.u. 

The  thermometer  measures  temperature  or  heat  in- 
tensity and  the  unit  of  temperature  is  the  degree.  Ac- 
cording to  the  Fahrenheit  scale,  which  is  the  one  com- 
monly used  in  this  country,  melting  ice  has  a  tempera- 
ture of  32  deg.  and  boiling  water  a  temperature  of  213 
(leg.. 

'The  unit  of  heat  quantitv'  commonly  used  is  the 
British  thermal  unit  or  the  B.t.u.,  as  it  is  usually  written 
and  pronounced.  It  gets  its  name  from  the  fact  that 
British  scientists  established  it  or  used  it  first  and  the 
word  thermal  means  heat  or  warmth.  Another  way  of 
expressing  it  would  be,  British  unit  of  heat  measure- 
ment. In  fact,  we  often  use  the  term  heat  unit  when 
we  really  mean  B.t.u. 

One  B.t.u.  is  the  quantity  of  heat  required  to  raise  the 
temperature  of  one  pound  of  water  one  degree.*  As  a 
gallon  of  water  weighs  8^  lb.,  it  requires  8 J  B.t.u.  to 
raise  the  temperature  of  one  gallon  one  degree,  or  16f 
Ij.t.u.  to  raise  the  temperature  two  degrees,  and  so  on. 

Thus,  when  a  given  coal  is  said  to  have  a  heat  value 
of  13,800  B.t.u.  per  pound,  it  is  meant  that  if  all  the 
heat  caused  by  the  complete  combustion  of  one  pound 
of  that  coal  could  be  transmitted  to  13,800  lb.  of  water 
it  would  raise  the  temperature  of  that  water  one  de- 
gree. Or,  if  all  the  heat  could  be  transmitted  to,  say  138 
lb.  of  water,  it  would  raise  the  temperature  of  that  water 
just   100  deg.,  because 

138   X   too  =    13,800 
The  pounds  of  water  heated  multiplied  by  the  number 
of  degrees  the  temperature   has  been  raised  equals  the 
I' umber  of   B.t.u. 

Indeed,  the  standard  method  of  finding  tlie  heat  value 
(f  a  fuel  is  to  burn  a  small  sample  of  it  in  a  tight  steel 
bomb  under  water.  The  heat  caused  by  the  burning  of 
the  sample  is  then  all  absorbed  l\v  the  water  and  by 
multiplying  the  weight  of  the  water  by  its  rise  in  tem- 
perature and  dividing  by  the  weight  of  the  sample,  the 
heat  value  of  the  coal  is  calculated  direct  in  B.t.u.  ]ier 
pound.  Thus,  if  we  burned  a  small  sample  weighing 
one-five-hundredth  of  a  pound  in  a  bomb  immersed  in 
T)  lb.  of  water  and  if  the  temperature  of  that  water  in- 
ireased  from,  say,  70.-1  deg.  to  75.92  <hg..  a  rise  of  o.52 
deg.,  the  heat  value  of  the  coal  would  be 


•This  is  onl.v  approximately  triii'.  It  takes  a  different 
amount  of  heat  to  raise  a  pound  of  water  from  32  dee.  to 
33  deft,  from  what  it  does  to  raise  It  from  100  deg.  to  101 
den.,  or  from  211  deg.  to  212  deK.  The  R.t.u..  therefore.  Is 
variousl.v  detiiied  as  the  amount  of  heat  necessary  to  raise 
a  pound  of  water  1  deg.  at  Its  temperature  of  maximum  dens- 
ity, about  3!l  deg.;  or.  at  some  arbltrar'-  temperature,  60  or 
62  deg..  because  that  is  assumed  to  bi>  the  average  tempera- 
ture of  the  surrounding  air  when  experiments  to  determine 
the  amount  of  heat  are  made;  or  '/,„  of  the  amount  of  heat 
required  to  raise  a  pound  of  water  from  32  to  212  deg.  (the 
average  amount  of  heat  p^r  degree).  The  letter  deHnition  Is 
finding  the  most   favor. 
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OVER     THE     SPILLWAY 

JUST      JESTS.     JABS,     JOSHES      AND     JUMBLES 


Have  you  noticed  the  fearful  frequency  (in  the  daily 
press)  of  the  blowing  out  of  cylinder  heads  of  large  boilers? 
This  is  an  awful  menace  to  our  safety.  Boiler  manufac- 
turers should  be  more  careful  how  they  put  in  these  boiler 
cylinder   heads. 

A  Philadelphia  manufacturing  concern  is  said  to  pay  each 
man  15  cents  a  day  extra  provided  he  takes  a  bath  at 
night  before  going  home.  Just  how  do  you  think  we  had 
better  handle  this  item?  It  looms  large  with  possibilities, 
but —     What's  the  answer? 

As  an  instance  of  good  discipline  "below  decks."  the  daily 
press  says  that  the  crew  of  the  "Cincinnati"  fought  fire  in 
the  coal  bunkers  for  three  days  before  reaching  port.  The 
first  the  passengers  knew  about  it  was  when  they  landed 
and  read  it  in  the  papers. 

Here's  another  tale  of  the  sea — a  whaling  good  one,  but 
its  veracity  is  questioned.  Capt.  Tutt.  of  the  Hamburg- 
American  liner  "Carl  Schurz,"  is  said  to  have  reported  that 
the  ship  while  crossing  the  ocean  spitted  a  whale.  "The 
whale  was  alive  and  its  whirling  fiukes  sent  the  ship's  bows 
to  starboard."  Oh.  tut.  tut,  Tutt,  and  good  night  Schur-/,'. 
You're  out  of  order;  this  is  the  closed  season  for  whales,  and 
spitting   is   forbidden   by   the   statoots. 

American  consulting  engineers  come  high  in  the  land  of 
the  frijole  and  the  hot  tamale.  Mexican  brigands  want 
$10,000  to  release  one  perfectly  good  engineer.  Another  had 
to  pay  $20,000  before  he  could  resume  his  consultations,  the 
Greasers  having  riz  the  tariff  on  him.  Would  be  wise  for 
engineers  to  include  a  "ransom"  cost  in  figuring  on  future 
Mexican  propositions. 


New  York  Police  Department  to  Lose 

Boiler-Inspection  and  Engineers' 

License  Bureau? 

During  the  Aldermanic  Investigating  Committee's  probing 
into  the  conduct  of  the  New  York  Police  Department,  the 
point  was  raised  as  to  the  advisability  of  continuing  under 
that  department,  the  duties  of  boiler  inspection  and  examina- 
tion  and  licensing  of   engineers  and   firemen. 

The  Bureau  of  Municipal  Research  subsequently  reported 
on   the   condition   of   this   branch   of  the   police   department. 

The  bureau  cannot  comprehend  why  the  inspection  of  boil- 
ers should  be  performed  by  the  police  department.  The  re- 
port then  goes  on  to  show  why  the  department  is  unfit,  prac- 
tically and  theoretically,  for  performing  such  duties.  Charges 
of  graft  are  made  against  inspectors,  although  the  report  ad- 
mUs  that  the  present  squad  under  Lieut.  Van  Keuren  is  far 
superior  to  previous  squads. 

The  training  of  some  of  the  present  squad  previous  to 
their  service   as   "engineers"    has  been  as   follows: 

Boiler  inspector,  previously  letter  carrier,  clerk  and  gas 
fitter;  boiler  inspector,  previously  fireman  and  oiler;  boiler 
inspector,  previously  patrolman;  examiner,  previously  clerk, 
lumber   inspector  and  time   keeper. 

It  is  stated,  also,  that  there  are  only  nine  boiler  inspectors 
and   these  must   inspect  on  an  average   of  40  boilers  a  day. 

The  bureau  recommends  the  creation  of  a  Commissioner  of 
Public  Safety,  appointed  by  and  subservient  to  the  Board  of 
Estimate  and  Apportionment,  and  that  all  engineering  duties 
be  removed  from  the  police  department  and  assumed  by  this 
commissioner  whose  salary  is  recommended  at  from  $10,000 
to   $12,000  a   year. 

The  report  embodies  several  suggestions  as  to  Inspection 
of  boilers,  specifications  as  to  the  use,  installation  and  loca- 
tion of  various  forms  of  refrigeration  machines.  More  rigid 
inspection  of  elevators  is  lecommended.  There  are  some  parts 
of  the  suggestions  relative  to  the  grading  of  engineers  and 
the  kinds  of  plants  which  they  may  operate,  that  are  objec- 
tionable, but  as  they  are  only  suggestions,  they  are  of  little 
importance. 

Editorial  reference  is  made  to  this  report  on  page  610  of 
this  issue. 


A  statistical  fiend  in  Washington  says  "we"  drink  $2,000,- 
000,000  worth  of  liquor,  smoke  $1,200,000,000  of  tobacco  and 
"absorb"  $120,000,000  of  soft  drinks.  With  our  constantly 
increasing  population,  possibly  we  need  this  fair  amount  of 
liquor  to  keep  up  our  spirits,  but  what  a  wicked  waste  for 
soft  drinks!  And  who  is  meant  by  "we"?  Let's  have  a  bill 
of    particulars. 

It  you  were  asked  to  give  your  definition  of  a  gentleman. 
we  bet  one  of  those  new  nickels  that  looks  like  a  button  on 
little  Lizzie's  winter  coat   that    you  can't  do   better   than   this; 

"A  man  that's  clean  inside  and  out:  who  neither  looks  up 
to  the  rich  nor  down  to  the  poor:  who  can  lose  without 
squealing  and  who  can  win  without  bragging:  who  is  con- 
siderate of  women,  children  and  old  people:  who  is  too  brave 
to  lie.  too  generous  to  cheat,  and  who  takes  his  share  of  the 
world  and  lets  other  people  have  theirs." 

And  this  standard  works  out  as  well  for  the  overalls  as 
for  the  joyous  habiliments  of  swell   society. 

Engineer  Hill,  of  the  Middletown  pumping  station,  de- 
serves great  praise  for  sticking  to  his  post  for  torty  hours 
during  the  recent  flood,  but  he  must  regret  that  the  daily 
press  got  a  hack  at  the  story.  It  has  Jules  Verne's  "Twenty 
Thousand  Leagues  under  the  Sea"  permanently  submerged. 
His  station — and  Hill  in  it — disappeared  "below  the  raging 
water."      But   dip    in    and   help   yourself! 

"They  could  not  find  the  roof  of  the  structure,  and  thtj 
hearts  of  the  men  were  heavy.  Finally  Friday  morning  the 
peak  of  the  roof  of  the  station  appeared  above  the  water 
and  in  an  hour  or  so  the  waters  were  down  sufficiently  to 
cut  a  hole  in  the  roof.  To  the  astonishment  of  the  rescuers. 
Hill  was  found  safe  and  sound,  still  able  to  feed  the  engine 
with  fuel,  and  though  somewhat  haggard  and  ghastly  looking 
from  lack  of  pure  air  and  weak  from  thirst  and  hunger,  he 
■was  in  splendid  condition  after  a  few  square  meals.  There 
was  no  difficulty  in  getting  his  first  meal,  and  the  cheers 
that  greeted  the  announcement  of  the  safety  of  the  engineer 
repaid  him  for  the  hair-raising  experience  of  hearing  the 
swish  of  the  waters  around,  over  and  almost  under  him  for 
forty  hours." 

The  reporter  failed  to  say  if  Mr.  Hill  got  wet  or  that 
closing   the    -windows   may   have    saved    him. 


New  Jersey  State  License  Law 

The  act  printed   i:i    full   below,   to  which  editorial  reference 
is   made    on    page    610,   was    signed    and    became   a   law,    at    the 
closing  hours  of  the  April  special  sessions  of  the  New  Jersey 
Legislature. 
SENATE  COMMITTEE  SUBSTITUTION  FOR  ASSEMBLY  BILL 

NO.  338,  STATE  OP  NEW  JERSEY,  MARCH  25,  1913 
AN  ACT  to  provide  for  the  examination  and  license  of  engi- 
neers and  firemen  having  charge  of  stationary  and  port- 
able steam  boilers  and  steam  engines,  and  to  prohibit  the 
use  of  such  steam  boilers  and  steam  engines  unless  the 
person  in  charge  thereof  shall  be  licensed. 
BE  IT  ENACTED  by  the  Senate  and  General  Assembly  of  the 
State  of  New  Jersey; 

Sec.  1.  Within  sixty  days  after  this  act  shall  take  effect  the 
Commissioner  of  Labor  of  the  State  of  New  Jersey  shall  estab- 
!ish  in  the  Department  of  Labor  a  bureau  to  be  known  as  the 
Steam  Engine  and  Boiler  Operators'  License  Bureau,  to  con- 
sist of  three  persons,  citizens  of  the  State  of  New  Jersey,  each 
of  whom  shall  have  been  engaged  for  at  least  ten  years  in 
the  occupation  either  as  engineer  in  charge  of  a  steam  plant 
of  not  less  than  two  hundred  and  fifty  horsepower,  or  as  the 
inspector  for  a  steam  engine  and  boiler  insurance  company 
licensed  to  do  business  within  the  said  State,  and  who  shall 
also  be  approved  by  the  Civil  Service  Commission  of  this 
State.  Each  of  the  said  persons  constituting  said  bureau  shall 
hold  office  for  three  years,  their  term  of  office  expiring  on  the 
first  day  of  May,  excepting,  however,  those  first  appointed,  one 
of  whom  shall  be  appointed  until  the  first  day  of  May,  then 
ensuing;  another  until  the  first  day  of  the  May  succeeding 
the  term  of  the  one  first  appointed:  another  until  the  first  day 
of  the  May  succeeding  the  term  of  the  second  one  appointed, 
in  order  that  the  term  of  office  of  one  of  those  appointed 
may  expire  on  the  first  day  of  May  of  each  year.  Any  va- 
cancy occurring  in  the  membership  of  the  said  bureau  shall 
be  filled  by  the  Commissioner  of  Labor  from  persons  properly 
qualified    as    aforesaid    for    the    unexpired    term. 

Sec.  2.  Each  person  appointed  a  member  of  said  bureau 
shall,  before  entering  upon  the  discharge  of  his  duties  and 
within  thirty  days  after  he  has  been  appointed,  take  and  sub- 
scribe to  an  oath  before  any  officer  authorized  to  administer 
oaths   in   this   State,  for  the   faithful   performance  of  his  duty. 
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which  shall  be  filed  with  the  said  Commissioner  of  Labor  and 
transmitted  by  him  to  the  Secretary  of  State.  They  shall 
from  time  to  time  select  one  of  their  number  for  chairman. 
They  may  adopt  all  necessary  rules,  regulations  and  by-laws 
for  their  government  not  inconsistent  with  the  laws  of  this 
State  or  of  the  United  States,  and  shall  prescribe  rules  for 
the  examination  and  licensing  of  engineers  and  firemen  in 
charge  of  stationary  and  portable  steam  boilers  and  steam  en- 
gines within  the  State,  and  to  prevent  the  use  of  such  steam 
boilers  and  steam  engines  unless  the  person  in  charge  shall 
hold  such  license.  Such  regulations  shall  also  specify  the 
terms  and  conditions  under  which  such  license  shall  be  issued 
or  renewed;  to  fix  the  fees  charged  for  the  issuance  and  re- 
newal of  such  license;  to  provide  for  the  revoking,  for  proper 
cause,  of  any  license  issued,  all  of  which  shall  be  subject  to 
approval  of  the  said  commissioner  and  any  of  which  may  be 
revoked  or  annulled  at  any  time  by  him.  They  shall  report 
from  time  to  time  to  the  commissioner  and  in  such  form 
as  he  shall  prescribe.  All  licenses  recommended  by  them  shall 
be  issued  under  the  hand  and  seal  of  the  commissioner  and  a 
record  thereof   kept    in   his   office. 

Sec.  3.  The  provisions  of  this  act  shall  not  be  construed 
to  include  or  apply  to  any  person  in  charge  of  or  operating  a 
steam  boiler  or  steam  engine  under  the  control  of  the  gov- 
ernment of  the  United  States,  or  any  steam  boiler  used  in 
railroad  locomotives,  or  road  vehicles,  or  in  connection  with 
the  Are  department  of  any  municipality  or  public  body  of  this 
State,  or  any  steam  boiler  used  exclusively  for  heating  pur- 
poses, which  boiler  does  not  carry  a  pressure  of  more  than 
ten  pounds  per  square  inch,  nor  shall  it  apply  to  any  person 
holding  a  United   States   Marine   License. 

Sec.  4.  Within  sixty  days  after  said  bureau  shall  have 
been  organized  no  person  subject  to  the  provisions  of  this  act 
shall  operate  any  steam  boiler  or  steam  engine  without  hav- 
ing a  license  herein  provided  for.  except  in  case  of  emergency, 
and  then  for  no  longer  than  thirty  days,  of  which  emergency 
the  owner  of  such  steam  boiler  or  steam  engine,  or  the  agent, 
superintendent  or  manager  in  charge  thereof  shall  promptly 
notify  such  bureau  in  writing,  stating  briefly  the  circum- 
stances in    connection   with   such   emergency. 

Sec.  5.  Application  for  license  shall  be  made  on  blanks 
to  be  provided  for  that  purpose  by  the  bureau  and  shall  state 
clearly  the  name,  residence,  age,  color  and  nationality  of  the 
applicant,  whether  or  not  he  is  a  citizen  of  the  United  States, 
and    his    previous    experience    as   engineer    or    fireman. 

Sec.  6.  The  fee  for  such  examination  and  license  shall  be 
at  the  rate  fixed  by  the  said  oommissionei,  not  more  than  two 
dollars.  Any  license  so  issued  may  be  revoked  by  the  com- 
missioner for  ignorance,  neglect  or  intoxication  iipon  duty, 
after  notice  to  the  holder  thereof  and  a  hearing  afforded  him 
before  the  said  bureau.  In  case  such  revocation  be  recom- 
mended by  said  bureu.  it  shall  not  be  acted  upon  by  said  com- 
missioner until  at  least  five  days'  notice  of  such  recommenda- 
tion shall  be  given  the  person  holding  such  license  and  an 
opportunity  afforded  him  to  ask  for  a  rehearing  before  the 
commissioner.  After  such  rehearing,  if  allowed,  the  commis- 
sioner may  either  comply  with  or  dismiss  such  recommenda- 
tion, or  in  a  proper  case,  may  suspend  for  a  limited  time  such 
license. 

'  Sec.  7.  No  engineer  or  fireinan  actually  in  charge  of  any 
sitam  boiler  engine  at  the  time  this  act  takes  effect,  shall 
be  required  to  take  the  examination  required  by  this  act,  but 
shall  receive  a  license  as  such  engineer  or  fireman  from  the 
said  commissioner  upon  the  written  request  of  the  owner  of 
the  boiler  or  engine  upon  which  he  is  engaged  or  by  the 
agent,  superintendent  or  manager  of  such  owner,  which  ap- 
plication shall  he  made,  however,  within  the  time  herein  fixed 
for  such  examination. 

Sec.  8.  The  form  of  license  so  as  aforesaid  to  be  issued 
shall  be  in  such  manner  as  the  Commissioner  of  Labor  shall 
approve. 

Sec.  9.  Each  member  of  the  luui-au  shall  be  entitled  to 
have  and  receive  as  and  for  his  compensation  the  sum  of 
twelve  hundred  dollars  per  year,  payable  monthly,  in  the  same 
manner  as  the  compensation  of  other  employees  of  the  said 
Department  of  Labor.  The  fees  received  by  the  commissioner 
for   such    licenses   shall    be   paid    Into   the   State   Treasury. 

Sec.  10.  Any  person  so  appointed  a  member  of  the  said 
bureau  may  be  removed  by  the  said  commissioner  for  sutll- 
clent  cause  the  same  as  any  other  person  In  the  Department 
of  Labor  appointed   by   him. 


The  demand  for  anthracite  coal  fell  off  In  the  shliiments 
(luring  March,  which  were  LfifiO.Snil  tons  less  than  those  of 
March,  1912.  In  March,  1912,  the  shipments  were  6,569,(587 
tons:  in  March,  1913,  4,909,288.  The  coal  at  shipping  port.q 
was  484.270  tons  on  Feb.  28,  and  772,115  at  the  close  of 
March,  an   Increase  of  287.845  tons. 


Towne  Scientific  School  Students'  Trip 

The  first  annual  inspection  trip  of  the  senior  students  oi 
the  Towne  Scientific  School,  University  of  Pennsylvania,  was 
made  during  the  Easter  recess.  Mar.  20  to  29,  under  the  lead- 
ership of  Prof.  R.  II.  Fernald,  the  new  head  of  the  mechanical 
engineering  department.  The  trip  included  Pittsburgh,  Cleve- 
land,  Toledo,   Niagara   Palls,   Schenectady  and  New  York   City. 

Two  days  were  spent  at  Pittsburgh  and  vicinity  in  visiting 
the  plants  of  the  Westinghouse  Machine  Co.,  the  Westing- 
house  Electric  &  Manufacturing  Co.,  the  Jones  &  Laughlin 
Steel  Co.,  the  National  Tube  Co..  at  McKeesport,  and  the 
large   mine  of  the  Pittsburgh-Buffalo   Co..   at   Marianna,   Penn. 

In  Cleveland  the  new  Lake  Shore  station  of  the  Cleveland 
Electric  Illuminating  Co.  and  the  city  pumping  station  at 
Kirtland  St.  were  inspected.  The  Peerless  Motor  Car  Co.  en- 
tertained the  party  by  a  sight-seeing  trip  through  the  sub- 
urbs and  after  its  plant  at  East  Ninety-third  St.  was  inspected, 
the  company  acted  as  host  at  a  luncheon  to  the  students.  The 
stay  at  Cleveland  was  concluded  by  a  trip  through  the  plant 
of    the    National    Carbon    Co. 

At  Toledo  the  attractions  were  the  gas-engine  driven  fil- 
tration plant  on  the  Maumee  River  and  the  Edward  Ford 
Plate    Glass    Co. 

The  Niagara  Falls  Power  Co.  plants.  Nos.  1  and  2,  the  In- 
ternational Paper  Co.,  the  Shredded  Wheat  Biscuit  Co.,  and 
the  Ontario  Power  Co.  were  visited  at  Niagara  Palls.  Owing 
to  delays  on  the  road  because  of  floods,  the  trip  through  the 
General  Electric  Works  at  Schenectady  had  to  be  made  very 
hurriedly  in    order   to   get   to   New   York   City. 

The  first  day  in  New  York  was  spent  in  the  Waterside 
plants  of  the  New  York  Edison  Co.  and  the  Fifty-ninth  St. 
Station  of  the  Interborough  Rapid  Transit  Co.  The  trip 
ended  with  a  visit  to  the  Singer  Building,  the  Pennsylvania 
R.R.    Terminal   and    the   Hotel    Astor. 

Though  hampered  considerably  by  floods,  the  trip  was  con- 
sidered such  a  complete  success  that  it  is  expected  it  will  be 
made  compulsory  in  the  course  of  another  year  or  two. 

Mechanical  Engineers  Meet  at 
New   Haven 

On  the  afternoon  and  evening  of  Apr.  16,  the  local  branch 
of  the  American  Society  of  Mechanical  Engineers  at  New 
Haven  met  at  the  Mason  laboratory  of  the  Sheffield  Scien- 
tific School.  These  meetings  have  been  held  twice  a  year, 
and   as   usual   there   was   a   good   attendance. 

In  the  afternoon  the  subject  was  "Factory  Heating  and 
Veiitilation."  A.  C.  Staley,  of  the  mechanical  engineering 
department,  presented  the  introductory  paper,  which  was 
an  elementary  lantern-slide  treatment  of  types  of  system 
and  apparatus.  Starting  with  the  ordinary  stove  and  hot- 
air  furnace,  the  discussion  led  up  to  direct  heating  by  steam 
and  hot  water.  The  different  arrangements  of  piping  and 
the  apparatus  employed  were  shown,  and  the  same  was  done 
with  hot-blast  and  indirect  heating,  with  some  attention  to 
cleaning   the  air  and   obtaining  the  proper  humidity. 

G.  H.  Miller,  of  Cheney  Bros.,  South  Manchester,  followed 
with  a  description  of  the  system  covering  the  company's 
various  mills.  Different  systems  using  steam  at  different 
pressures  had  formerly  been  employed  in  the  various  build- 
ings. The  entire  system  has  now  been  unified  and  all  build- 
ings receive  steam  reduced  from  125  to  5  lb.  pressure  from  a 
common  source.  A  vacuum  pump  is  located  in  each  building 
rather  than  at  the  central  plant.  The  longest  run  Is  about 
1300  ft.,  and  with  a  10-in  vacuum  at  the  pump  the  operation 
of  the  system  as  a  whole  has  been  satisfactory.  In  some  of 
the  buildings  direct  radiation  is  used  and  in  others,  hot- 
blast  heating,  with  provision  for  cleaning  and  adding  mois- 
ture  to    the   air. 

W.  G.  Snow  talked  Webster  vacuum  and  pressure  systems 
with  particular  reference  to  the  Modulation  and  Sylphon 
valves. 

.lames  A.  Donnelly  outlined  the  method  of  testing  radi- 
ator valves  recently  adopted  by  the  New  York  chapter  of 
the    American    Society   of   M>>atlng   and   Ventilating    Engineers. 

Other  speakers  were  W.  F.  Goodnow,  on  Vento  radiation, 
Mr.  Pryor,  of  the  Carrier  Co.,  on  air  washing,  and  W.  J. 
Baldwin  on  the  proper  temperature  and  humidity  which 
should   be  maintained   In  a  room. 

Intermission  gave  an  opportunity  to  view  a  special  ex- 
hibit of  gas  arc  and  other  types  of  gas  lamps  and,  of  course, 
the  general  equipment   of  the  laboratory. 

Clarence  E.  Clewell.  Instructor  In  electrical  engineering. 
Introduced  the  subject  of  the  evening  with  a  paper  on 
"Factory  Lighting."  Some  interesting  discussion  closed  a 
very  successful   meeting. 
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Heating  Engineers  to  Meet  at 
Indianapolis 

The  fifth  annual  convention  of  the  National  District 
Heating-  Association  will  be  held  in  Indianapolis,  Ind.,  on 
Tuesday.  Wednesday  and  Thursday,  Jlay  27,  28  and  29,  1913. 
The  headquarters  of  the  convention  will  be  the  Claypool 
Hotel,  where  the  sessions  will  be  held,  and  in  the  convention 
room  space  will  be  reserved  for  the  exhibits.  Besides  the  va- 
rious reports  of  committees,  the  following  papers  have  been 
outlined:  "Hot-T\'ater  Heating  for  Residence  Districts,"  A.  C. 
Rogers;  "Possibilities  of  Hot-Water  Heating,"  N.  M.  Arga- 
brite;  "District  Heating  on  the  Pacific  Coast,"  Charleo  F. 
Murphy;  "Discussion  on  the  Use  of  Bleeder  Turbines."  by 
the  users;  "Commission  Control  of  Utilities,"  D.  L.  Gaskill; 
".\ppraisal  of  Heating  Properties."  Harold  Almert;  "Station 
Designs  with  Special  Reference  to  Overload  Capacities." 
Jlr.  Denman;  "Is  District  Heating  Profitable  to  the  Central 
Station?"  C.  J.  Davidson;  "Operating  Economics  in  Heating 
Large   Factory  Buildings."   Edward   L.    Wilder. 


New  Jersey  N.  A.  S. 
Convention 


E.  State 


The  convention  committee  of  the  New  Jersey  State  N.  A. 
S.  E.  for  the  coming  state  convention  in  Newark,  May  22, 
to  25,  reports  unusually  good  results  in  the  sale  of  booths; 
S3  out  132   having  been  sold  up  to  Apr.   16. 

This  year's  convention  promises  to  be  even  more  suc- 
cessful than  those  of  former  years,  and  the  committee  is 
making  preparations  for  caring  for  unusually  large  crowds. 
The  convention  hall  will  be  found  very  convenient  for  ex- 
hibitors, and  as  the  floor  level  is  only  IS  in.  above  the 
street,  the  moving  of  heavy  machinery  will  be  simple  and 
inexpensive. 


SOCIETY     NOTES 


The  annual  meeting  of  the  Iron  and  Steel  Institute  will 
be  held  at  the  Institution  of  Mechanical  Engineers,  at  Lon- 
don, on  May  1  and  2.  During  the  second  day's  session  the 
Andrew  Carnegie  gold  medal  (for  1912)  will  be  presented 
to  J.  Newton  Friend,  Ph.  D.,  and  the  awards  of  research 
scholarships  for  the  current  year  will  be  announced.  Some 
fourteen  papers  are  expected  to  be  read  and  discussed.  The 
autumn  meeting  will  be  held  at  Brussels,  Sept.   1   to  5. 

It  is  announced  that  the  thirteenth  annual  six  week-s 
summer  school  of  the  College  of  Engineering  of  the  Uni- 
versity of  Wisconsin  will  open  on  June  23.  Courses  of  in- 
struction and  laboratory  practice  are  offered  in  electrical, 
hydraulic,  steam  and  gas  engineering,  mechanical  drawing, 
applied  mechanics,  testing  of  materials,  machine  design, 
shopwork  and  surveying,  in  addition  to  which  subjects  may 
be  taken  in  the  College  of  Letters  and  Science.  For  a  bul- 
letin, address  F.  E.  Turneaure,  University  of  Wisconsin, 
Madison,   Wis. 

The  April  meeting  of  the  Massachusetts  Chapter  of  the 
American  Society  of  Heating  and  Ventilating  Engineers  at 
Boston,  was  devoted  to  a  general  discussion  of  breaks  in 
radiators.  It  was  found  that  certain  designs  of  the  wall 
type  of  cast-iron  radiator  were  known  to  break,  after  in- 
stallation, caused  by  the  strain  not  being  properly  taken 
care  of  or  equalized  in  the  design.  The  method  of  installing 
and  hanging  was  also  taken  up  and  several  specific  cases 
were  explained,  but  it  was  the  opinion  of  the  engineers  that 
this  trouble  was  chiefly  due  to  the  faulty  design  of  the 
radiator.  A  general  discussion  of  air  conditioning  at  the 
Museum  of  Fine  Arts  followed,  Mr.  MacLean,  its  superin- 
tendent, explaining  at  length  the  installation,  the  effect  and 
general   benefits. 


James  D.  .Andrew  has  resigned  from  the  Boston  Elevated 
R.v.  Co.  to  become  superintendent  of  power  stations  for  the 
Boston    Edison    Co. 

I.  E.  Moultrop,  formerly  mechanical  engineer  of  the 
Boston  Edison  Co.,  has  been  promoted  to  the  position  of 
assistant    superintendent    of    construction. 

W.  H.  Tees,  formerly  chief  electrician  of  the  Canadian 
Consolidated  Rubber  Co.,  Montreal,  Que.,  and  is  now  assistant 
superintendent    of   the    Sayer    Electric   Co.,    of   Montreal. 

Elmer  Iverslin  has  succeeded  P.  B.  Renther  as  chief  engi- 
neer of  the  municipal  electric-lighting  plant  at  Belgrade, 
Minn.,  and  will  also  act  as  manager  and  superintendent. 

Eugene  L.  Barnes  has  taken  charge  as  district  manager  of 
the  newly  opened  Pacific  Coast  offices  of  t'ne  American  Dis- 
trict Steam  Co.,  North  Tonawanda.  N.  T.,  in  the  Hoge  Bldg.. 
Seattle,   Wash. 

Harry  B.  Aller.  who  for  two  years  was  out  of  the  steam 
specialty  field,  is  now  representing  the  .-\shton  Valve  Co, 
in  Illinois,  Wisconsin,  Minnesota  and  Missouri.  Mr  Aller 
will    make   Chicago   his   headquarters. 

Clark,  MacMullen  &  Riley,  Inc.,  consulting  engineers  for 
the  design  of  heating,  ventilating  and  electrical  equipments, 
formerly  at  SO  Maiden  Lane,  now  have  their  offices  in  the 
Architects'    Building.    101    Park   Ave.,    New    York    City. 

Prof.  Henry  H.  Norris,  of  the  department  of  electrical  en- 
gineering. Cornell  Univei'sity,  and  secretary  of  the  Society 
for  the  Promotion  of  Engineering  Education,  is  devoting  a 
leave  of  absence  to  a  special  investigation  of  engineering 
books  in  all  fields  for  the  McGraw-Hill  Book  Co..  New  York. 
His  work  will  cover  both  college  textbooks  and  general  tech- 
nical reference  books. 


T.  T.  Burchfleld  has  assumed  the  Philadelphia  agency  of 
A.   L.    Ide   &   Sons,   Springfield,   111. 

W.  E.  Wolmagott,  city  electrician  of  Peoria,  HI.,  has  been 
elected    president    of   the   Peoria    Electrical    Club. 


ATli.VNTIC    COAST    ST.VTES 

Plans  are  being  prepared  by  the  Pall  River  Electric  Co., 
Fall  River,  Mass.,  for  an  expenditure  of  $200,000,  for  exten- 
sions and  equipment  for  its  plant.  A.  H.  Kimball,  Fall  River, 
is    general    manager   and   purchasing   agent. 

The  Corning  Light  &  Power  Co.,  which  recently  acquired 
the  property  of  the  Corning  Gas  &  Electric  Co.,  will  con- 
struct  a  new  power  plant  at  Corning.   N.  Y. 

The  Commonwealth  Water  &  Light  Co.  will  expend  $20,000 
for  extensions  and  improvements  to  the  power  plant  of  its 
subsidiary    company    at   Lakewood,    N.    J. 

Plans  have  been  prepared  for  the  construction  of  a  power 
plant  on  19th  St.  and  Allegheny  Ave.,  Philadelphia,  Penn.,  for 
the  Storage   Battery  Co. 

SOUTHERIV    STATES 

An  election  will  be  held  on  May  6  to  vote  on  the  proposi- 
tion to  issue  $25,000  in  bonds  for  the  installation  of  a  water- 
works  system    at   Cherryville,    N.    C. 

The  proposition  to  issue  $20,000  in  bonds  for  the  construc- 
tion of  a  municipal  electric-light  plant  at  Washington,  N.  C, 
is  under  consideration. 

Bonds  for  $8000  have  been  voted  for  the  construction  of  a 
municipal   electric-light   plant  at   Abbeville,   Ga. 

Plans  are  being  prepared  for  the  improvement  and  ex- 
tension   of   the  municipal   electric-light   plant   at   Quitman,    Ga. 

It  is  proposed  to  issue  $20,000  in  bonds  for  the  improve- 
ment   of    the    municipal    electric-light    plant    at    Roanoke.    Ala. 

The  city  council  of  Esthei-wood.  La.,  is  considering  the 
proposition    to    construct    a    municipal    electric-light    plant. 

Plans  are  being  prepared  by  Henry  A.  Mentz,  Randolph 
Bldg.,  Memphis,  Tenn.,  for  the  construction  of  a  municipal 
water-works  system  at  Dresden,  Tenn.  Estimated  cost, 
$15,000. 

The  city  council  of  Henderson,  Tenn.,  has  been  authorized 
to  issue  $50,000  In  bonds  for  the  construction  of  a  municipal 
electric-light  plant  and  water  system. 

CENTR.VIi    ST.VTES 

Plans  are  being  considered  by  the  Factory  Powder  Build- 
ing. Oakley,  Cincinnati  post-office,  Ohio,  for  the  construction 
of  an  addition  to  its  power  plant,  for  the  purpose  of  supply- 
ing 500-hp.  in  addition  to  the  energ.v  now  produced.  Zettel 
&  Rapp  are  architects. 

Bids  will  be  received  bv  the  board  of  trustees  of  public 
affairs  of  Paulding,  Ohio,  until  Apr.  29,  for  the  installation  of 
new  equipment  in  the  municipal  electric-light  and  water 
plant.        J.   F.   Morrissey   is   president   of   the   board. 

Bids  "Will  be  received  by  J.  W.  Sanderson,  treasurer  of  the 
Marin  Branch  of  the  National  Home  for  Disabled  Volunteer 
Soldiers,  until  May  2,  for  the  installation  of  new  equipment 
and  the  improvement  of  the  power  plant  at  National  Military 
Home,  Ind. 

The  proposition  to  construct  a  municipal  electric-light 
plant  at  Alton.  111.,  is  under  consideration.  J.  F.  Schwaab 
is  city  engineer. 

The  Piasa  Light  &  Power  Co.  will  construct  a  substation 
at    Alton.   111.      Roy   Holden    is   manager. 

Plans  are  being  considered  bv  the  viPage  authorities  of 
Deer  Park.  Wis.,  for  the  construction  of  an  electric-light 
plant. 
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Jacksonville  Municipal  Power  Plant 


5y  C.  C.  Austin 


SYXOPSIS — An  upiodate  miimcipalHurhine  power  plant 
of  6000-kw.  capacity.  Fuel  oil  is  used  in  the  boiler  fur- 
naces. A  feature  is  the  construction  of  the  condenser 
intal-e  waler  conduits  wliich  are  used  as  a  foundation 
for  the  dividing  irall  between  the  turbine  and  boiler 
rooms. 

Jacksonville,  Fla.,  boasts  of  one  of  the  best  equipped 
aud  most  uptodate  municipal  power  plants  of  its  size  in 
the  United  States.  The  old  plant  near  the  center  of 
the  citv  became  inadequate  to  meet  the  increasing  de- 
mands and  could  not  be  enlarged  materially  on  account 
of  the  scarcity  of  condeuser-cooling  water,  and  also  be- 
cause it  shared  the  available  space  with  the  city  water 
plant.  It  was,  therefore,  decided  to  move  the  power  plant 
to  a  site  where  there  would  be  an  abundance  of  cooling 
water  and  ground  area  and  to  leave  the  old  site  and  build- 
ings entirely  to  the  water-pumping  station. 

The  new  plant  is  about  four  miles  from  the  center  of 
llie  city  on  the  banks  of  the  St.  Johns  Eiver.  Texas  oil 
is  used  as  fuel  and  is  shipped  by  boat  to  the  plant  of  the 
Gulf  Refining  Co.,  which  is  near  the  power  plant;  the  oil 
is  piped  from  there  to  the  city  tanks.  If  coal  is  ever  used 
as  fuel,  it  can  be  transported  much  of  the  distance  from 
the  mines  by  water.     Plant  supplies  can  also  be  shipped 


ihe  foundation- for  the  air  and  circulating  pumps.  The 
outside  wall  of  tiie  intake  conduit  is  of  double  thickness 
to  provide  a  foundation  for  the  wall  between  the  boiler 
and  generator  rooms.  Instead  of  being  side  by  side,  the 
discharge  conduit  is  mounted  on  top  of  the  inlet  conduit, 
which  permits  using  a  single  row  of  piles  to  support  them 
lioth.  The  hotwell  is  in  the  top  of  the  discharge  conduit, 
so  built  that  its  overflow  drains  into  the  latter. 
■  All  of  the  condensing  apparatus  is  level  with  the 
boiler-room  floor  and  below  the  generator  floor.  The  open 
space  directly  above  the  condensers  affords  abundant 
light  to  inspect  the  operation  of  this  machinery,  except 
on  the  darkest  days  when  it  will  be  electrically  lighted. 
Fig.  2  gives  a  view  of  this  floor. 


Fig.   1.   (texeral  \'iew  of  the  Poweu   Plant  and 
Watei!  Front 


Fig.  2. 


Air  and  Circulating  Pumps  Serving 
the  Condensers 


by  water.  Fig.  1  is  a  view  of  the  plant.  The  Iralkhead 
will  be  filled  in  and  used  as  a  storage  yard  for  coal,  if  it 
is  ever  used,  and  as  a  convenient  landing  place. 

At  present  the  plant  has  a  capacity  of  6000  kw.  and 
the  building  will  admit  another  1500-kw.  machine.  Four 
1500-kw.  steam-turbine  units  generate  three-phase,  60- 
cycle.  6600-volt  current.  Special  attention  has  been  paid 
to  securing  abundant  light  and  affording  every  con- 
venience for  working  around  the  machines. 

An  idea  of  the  general  arrangement  of  the  apparatus 
may  be  obtained  from  Fig.  3.  The  nature  of  the  soil 
and  the  proximity  of  the  St.  Johns  River  necessitated  pile 
foundations  throughout  and  the  intake  and  discharge 
conduits  have  been  arranged  so  as  to  use  their  walls  as 
parts  of  the  foundations.  The  common  center  wall  of 
the  two  contiguous  and  parallel  conduits.  Fig.  3,  forms 


A  30-ton  crane  of  60-ft.  span,  having  19  ft.  in  the  clear 
under  the  hook,  serves  the  generator  room.  This  crane 
has  a  15-hp.  motor  for  traveling,  a  30-hp.  hoisting  motor, 
and  a  10-hp.  motor  for  the  trolley  travel.  Ten  water- 
tube  boilers  are  installed  in  batteries  of  two.  Fig.  4 
shows  part  of  the  boiler  room  not  yet  finished.  Each 
boiler  has  5800  sq.ft.  of  heating  surface,  and  a  super- 
heater of  660  sq.ft.  area.  Steam  is  furnished  at  175 
lb.  pressure  and  570  deg.  F.  Space  has  been  left  for 
two  additional  boilers.  The  machine  shop  of  the  plant 
will  be  in  the  end  of  this  boiler  room. 

A  brick-lined  reinforced-concrete  stack,  13  ft.,  inside 
diameter,  and  201  ft.  high,  supplies  the  draft.  Its  center 
is  64  ft.  from  the  center  of  the  breeching  at  the  bac''. 
of  the  boilers  and  it  receives  the  gases  29  ft.  above  its 
base. 
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This  is  one  of  the  few  jjlants  in  this  vicinity  that  uses 
oil  for  fuel.  The  Texas  oil  fields  are  farther  from  Jack- 
souville  than  the  Alabama  and  Tennessee  coal  mines,  but 
the  higher  calorific  value  of  the  oil,  water  transiJortation, 
low  initial  cost  of  burning  apparatus,  and  low  boiler-room 
operating  costs  gave  it  a  decided  preference  over  coal  for 
this  plant.  Oil  is  purchased  by  contract  and  pumped  to 
the  plant.  At  the  plant  3500  bbl.  can  be  stored  and  the 
contract  specifies  that  5000  bbl.  shall  be  kept  in  readiness 
exclusively  for  this  plant.  The  oil  is  supplied  to  the 
boilers  at  60  lb.  pressure  by  a  6  and  5  by  4-in.  duplex 
pump. 

Ste.vji  Pipixo 

Extra-heavy  12-in.  steel  piping  with  Van  Stone  joints 
is  used  in  the  main  steam  header  with  8-in.  piping  of 
the  same  material  from  the  boilers  to  the  header  and 
from  the  header  to  the  turbines.  Expansion  joints  were 
not  used  anywhere  in  this  line,  sweeping  pipe  bends  al- 
low for  expansion.  The  plan  of  the  piping.  Fig.  5,  shows 
the  numerous  bends  between  the  boiler  outlet  valves  and 
the  turbine  throttles.  The  main  12-in.  headers  are  an- 
chored between  the  180-deg.  bends,  but  at  no  other  points. 
This  piping  system  is  expensive,  but  insures  continuity 
of  operation  at  a  minimum  of  operating  expense. 

In  Fig.  6  is  shown  the  turbine  exhaust-pipe  layout. 
Any  turbine  can  be  run  with  its  own  condenser  or  either 
condenser  of  its  immediate  neighbors,  but  with  no  others. 


Fig.  4 


BoiLEK  Room,  Showi 
Watee-Tcbe 


THE  Ten 


Fifi.  3.  Elkv.\tiox  of  Exgixe  and  Boh.kii  Rooms 
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The  remote  possibility  of  all  three  condensers  to  which 
anv  turbine  has  access  being  out  of  commission  does  not 
justify  the  heavy  expense  of  bypassing  the  exhaust  steam. 
The  valves  on  "the  exhaust  line  between  the  condensers 
have  bevel-gear  operating  wheels,  to  permit  operating 
from  the  floor  of  the  generator  room.  These  valves  will 
all  be  motor  operated  as  soon  as  motors  can  be  installed. 

COXDEXSIXG    ApPAK.VTUS 

A  3000-hp.  condenser  is  furnished  for  each  turbine. 
Circulating  water  is  taken  from  the  inlet  conduit  at 
about  62  deg.  F.  and  is  pumped  by  16-in.  centrifugal 
pumps  directly  connected  to  vertical  engines.  The  air 
pumps  discharge  into  a  hotwell.  A  condensing  unit  is 
shown  in  Fig.  7  in  which  the  condenser  proper  is  shown 
in  the  background.  The  size  of  the  condensing  units  in 
proportion  to  the  turbines  is  sufficient  to  provide  con- 
densing surface  for  the  heaviest  peak  load  which  may 
ever  be  carried. 

Exhaust  steam  from  the  condensing  units  is  piped  di- 
rectlv  to  an  open  feed-water  heater  and  heats  the  feed 
water  to  about  210  deg.  An  outside-packed  14  and  9  by 
18-in.  duplex  pump  feeds  the  boilers. 

A  section  of  the  building  is  devoted  to  baths,  toilet 
rooms,  etc.,  which  equal  those  found  in  the  best  club 
houses   and   hotels.      The   bath   rooms   are   on    the    first 


tioor:  the  toilet  rooms  on  the  generator-room  floor.  On 
the  third  floor  is  a  reading  room. where  the  latest  tech- 
nical journals  will  be  found,  and  the  chief  engineer's  of- 
fice is  directly  behind  this  room. 


Fig. 


Condenser  Unit 


For  most  of  the  above  data  the  writer  is  indebted  to 
the  general  su]>erintendent,  W.  H.  Tucker,  who  is  re- 
sponsible for  the  entire  supervision  of  the  plant,  sub- 
stations, distribution,  etc.  L.  E.  Murphy,  chief  engi- 
neer, is  responsible  for  the  operation  of  the  plant 
itself. 
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Figs.  5  and  6.  Plan  of  Steam  and  Exhaust  Lines 

PRINCIPAL  equipment  OF  THE  JACKSONVILLE,  FLA.,  MUNICIPAL  ELECTRIC-LIGHT  PLANT 


Equipment 

Turbines 

Turbines 

Crane 

Boilers 

Chimney 

Condensers 

Pump 


Make 
Steam 
Steam 
Power 
"Water  tube 
Concrete 
Surface 
Duplex 


Purpose 
Main  units 


Steam  sen. 
Flue  gases 
Turbines 

Boiler  feed 


Volts      Phase     Cycles 

6600 

6600 


Size  Hp.  Manufacturers 

....  Genera!  Electric  Co. 

Allis-Chalmers  Co. 

30  ton  .  .  Niles-Bement-Pond  Co. 

Babcock  &  Wilcox  Co. 

12x20"  .  Concrete  Con.struction  Co. 

3000  C.  H.  Wheeler  Mfg.  Co. 

14x9x18"        ...  Warren  Steam  Pump  Co. 
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Ideal  Reducing  Motion 

The  improved  '"Ideal"  indientor  reducing  motion,  which 
has  been  developed  for  use  on  Ideal  Corliss-valve  engines. 
is  shown  herewith.  The  mechanism  is  inside  the  frame, 
v.'here  it  is  constantly  bathed  with  oil.  The  linkage  within 
the  frame  oscillates  a  spindle  in  unison  with  the  piston. 

This  spindle  is  mounted  on  an  oiUtiglit  bearing  in  the 
engine  frame  and  transmits  the  movement  to  the  lever 
outside  the  frame  to  wiiich  the  indicator  cord  is  attached. 
The  lever  luis  a  hand-knob  and  clutch,  so  that  by  a  slighi 
endwise  movement  on  the  spindle,  the  lever  can  be  in- 


Ideal  I?i;i)rcixG  Motion 

stantly  engaged  or  disengaged  to  start  or  stop  the  indi- 
cator without  disturbing  the  cord  or  any  other  connec- 
tions. 

This  reducing  motion  is  made  by  A.  L.   Lie  &  Sons, 
Springfield,  111. 


Putting   Crankpins    in    Large    Engines 

Bv  .1.  X.  Lucas 

IJelative  to  the  method  of  putting  a  crankpin  in  a 
•".'loo-hp.  engine,  as  described  by  W.  J.  Maxwell  in  the 
Kfl).  18  issue,  page  233,  it  is  surprising  that  after  having 
lifated  the  crank  disk  with  a  gasoline  torch  for  over  12 
lir.  it  could  not  be  made  hot  enough  to  complete  the  job 
by  the  meiiiod  originally  intended.  The  accompanying 
I  I lu' raving  gives  an  idea  of  how  the  crank  disks  of  large 
I  ngines  are  heated  rapidly  with  very  simple  apparatus. 

Large  C-clamps,  Fig.  1,  screwed  on  each  side  of  the 
ciiiiik,  as  siiown  in  Fig.  2,  serve  as  supports  for  iron 
])lates,  which  form  a  box-like  enclosure  around  the  ])in 
bore  in  the  crank.  Siiect  asbestos  is  then  put  aroiiml  the 
))lates  to  retain  tiie  heat  when  heating  the  crank. 

rnderiieath  the  crank,  a  piece  of  Vb-'"-  sheet  iron  .4, 
l.'iit  like  a  large  pan,  having  holes  punciied  in  the  bot- 
'■•III  for  draft,  is  attached  to  the  shaft  and  to  the  C-clamp.s 
\»!ib  wire,  keeping  the  pan  susjiended  close  to  the  crank. 
A  ibarcoal  fire  is  kept  going  in  this  pan  while  tiie  crank 
I-  lii'ing  heated  with  the  burner  B.    The  charcoal  fire  re- 

-is  the  escape  of  the  heat  furnished  l)y  the  burner. 

\  kerosene  tank  C  (usually  of  3(1  gal.  capacity)  is 
ii-ril ;  the  ])ressurc  carried  is  25  lb.  and  is  maintained 
by  a  hand  |)ump.  When  the  flame  is  made  to  play  di- 
rectly in  the  pin  bore  it  will  not  take  more  than  from 
I'lMir  to  five  hours  to  bring  a  very  large  crank  to  a  dark- 


red  color  corresponding  to  a  temperature  of  about  800 
deg.  ('. 

The  job  of  putting  in  a  crankpin  confronted  the 
writer  while  he  was  in  one  of  the  French  navy  yards.  The 
following  plan  was  thought  of,  but  it  was  desired  to  first 
ascertain  that  it  would  prove  satisfactory.  A  disk  of 
forged  steel  with  an  outside  diameter  of  37  in.,  a  hole 
having  a  diameter  of  15  in.  and  a  depth  of  14  in.  (Fig. 
3)  was  heated  and  the  expansion,  at  a  temperature  of 
about  800  deg.  C,  found  to  be  iV  in-  ^  piUj  Fig.  4^  was 
turned  to  lo^'j,  in.  diameter  with  a  groove  D  ^^  in.  deep 
in  a  leugtii  of  6  in. 

When  the  disk  was  of  the  right  temperature  the  pin 
was  forced  into  it.  Xaturally  while  the  disk  was  hot, 
there  nas  a  space  at  E,  Fig.  5,  between  it  and  the  groove 
in  the  pin.  T\lien  the  piece  became  cold,  holes  were  bored 
in  the  pin.  Fig.  6.  and  four  cuts  chiseled  quarterly  so 
the  pin  could  be  extracted  without  injuring  the  surface 
of  the  bore.  The  inside  of  the  hole  was  examined  and 
measured  and  it  was  found  that  the  metal  had  contracted 
111  fit  the  shape  of  the  pin,  Fig.  7,  which  was  the  result 
■  lesired. 

Xow  being  positive  that  this  method  was  satisfactory 
it  was  decided  to  use  a  similar  one  in  putting  the  crank- 
pin in  the  engine  awaiting  repair. 

The  hole  in  the  crank  disk  was  382  mm.  (15.039  in.) 
in  diameter,  with  a  depth  of  405  mm.  (15.944  in.).  The 
disk  306  mm.  (12.047  in.)  across.  The  expansion,  at 
about  800  deg.  C.  figured  to  2  mm.  (0.078  in.).  The 
new  crankpin  was  turned  2  mm.  (0.078  in.)  larger  than 


FI5.  6 

How  (liAXK  Disk  \\ 


IIkatkd  Axn  CijANKPix  Frmcn 
TO  Disk 


the   hole  at    its  extreme  end,   with   a   taper  of   -'54   nim. 
(0.029  in.)  m  the  full  length,  as  shown  in  Fig.  8. 

While  the  heating  operation  wa.s  going  on  a  pin-bore 
gage,  Fig.  9,  was  made  of  V^-in.  steel  having  a  length, 
from  point  to  point,  equal  to  the  large  diameter  of  the 
pin.  After  heating  about  41/2  hr..  the  hole  had  expanded 
enough  to  admit  the  gage,  consequently  the  crankpin  was 
forced  in  with  ease  and  left  lo  cool.  What  happened  is 
shown  by  the  dotted  lines  in  Fig.  8.  The  disk,  after 
cooling,  contracted,   closing   tightly  around   the   tapered 

I'll'- 

This  method  of  )uittiiig  in  crankpins  was  adopteil  in 
the  shops  of  that   navy  yard. 
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Testing  Oils  for  Sulphur 

By  William  Pattern 

It  is  often  advautageous  for  an  engineer,  using  fuel  oil 
or  crude  oil  as  fuel  for  his  boilers,  to  know  the  amount 
of  sulphur  the  oil  contains.  This  can  easily  be  done  by 
the  engineer,  with  a  few  simple  chemicals  and  pieces  of 
chemical  apparatus. 

Outfit 

The  following  is  a  list  of  apparatus  required  for  mak- 
ing a  qualitative  and  quantitative  test,  the  only  expen- 
sive item  being  the  analytical  balance,  which  would  co.'^t 
from  $13  to  $40;  14-in.  glass  tubing  medium  heavy,  two 
500-c.c.  beakers,  1  oz.  metallic  sodium,  1  qt.  saturated 
bromine  water,  one  i-'m.  saud  bath  (iron  saucer-like 
dish),  one  bunsen  burner  with  rubber  tubing,  one  pack- 
age of  spun  glass  (wool),  bunsen-buruer  tripod  stand, 
one  piece  of  wire-gauze  netting,  one  mortar  and  pestle, 
one  1-lb.  bottle  of  hydrochloric  acid  c.p.,  1  oz.  of  barium 
chloride  crj'stals  c.p.  This  outfit  may  be  bought  at  any 
chemical-supply  house  at  a  cost  of  about  $3. 

Should  it  be  desired  to  determine  the  actual  percent- 
age of  sulphur  by  weight,  in  the  oil,  it  will  be  necessary 
to  purchase  the  following  additional  laboratory  equip- 
ment: one  analytical  balance,  one  set  of  weights  (-50  gm. 
to  1  mgm.,  and  one  10-mgm.  rider),  six  li/4-iii-  procelain 
crucibles,  one  2i/^-in.  glass  filter  funnel,  one  package  of 
first-quality  filter  paper,  1  oz.  sulphuric  acid,  c.p.,  one 
filter  stand,  one  wash  bottle  (can  be  bought  all  ready  fit- 
ted up  for  use),  one  box  of  blue  litmus  paper  (in  books), 
one  pair  of  bent  iron  tongs.  This  outfit  will  cost  exclusive 
of  the  scales  about  $10, 

Making  Test  Tube 

Cut  off  piece  of  14-in.  glass  tubing  6  in.  long  and,  hold- 
ing an  end  in  each  hand  with  the  center  in  the  flame  of 
a  bunsen  burner,  rotate  the  tube  constantly;  when  the 
glass  becomes  soft,  steadily  pull  apart.  Now  hold  the 
thin  thread-like  end  of  the  tube  in  the  flame  of  the  burner 
with  a  constant  rotating  motion,  until  it  melts  and  the 
result  is  a  small  closed  tube  3  in.  long.  Rotating  the 
tube  as  before,  place  the  closed  end  in  the  flame  and  heat 
to  redness,  renuove  from  the  flame  quickly  and  blow 
rather  strongly  in  the  open  end  until  a  bulb  about  twice 
the  diameter  of  the  tube  is  formed.  Cut  otf  the  tube 
with  a  file,  making  it  2  in,  in  length. 

Testing  for  Sulphur 

The  bulb  is  now  half  filled  with  the  oil  to  be  tested 
and  three  or  four  iV-iu-  square  pieces  of  metallic  sodium 
put  in  the  oil.  Xest  push  down  in  the  tube  a  small  wad 
of  glass  wool  to  within  a  short  distance  of  the  bulb,  put 
three  or  four  small  pieces  of  metallic  sodium  on  top  of 
the  glass  wool  and  fill  the  tube  to  the  top  with  more 
glass  wool.  Fill  the  sand  bath  with  clean  sand,  bury  the 
bulb  of  the  tube  containing  the  oil  in  the  sand  and  place 
ihe  lighted  bunsen  burner  under  the  sand  bath.  Heat 
gr.  dually  for  about  30  min,  and  then  increase  the  heat 
unti'  smoke  issues  from  the  mouth  of  the  tube,  when  a 
light  should  be  applied  to  the  mouth  of  the  tube  and  the 
vapor  a^^owed  to  burn. 

When  v'le  flame  at  the  mouth  of  the  tube  goes  out.  re- 


move the  iube  with  the  tongs  from  the  sand  bath,  and 
l>ass  it  back  and  forth  through  the  naked  flame  of  the 
l)unsen  burner  until  all  the  oil  is  consumed.  Put  the  tube 
in  the  mortar  which  has  already  been  supplied  with  a 
small  quantity  of  distilled  water  to  which  a  few  drops  of 
saturated  bromine  water  has  been  added.  Cover  the  mor- 
tar quickly  with  a  watch  glass,  as  any  free  sodium  which 
may  be  uncombined  will  burn  and  spatter. 

Pound  up  the  tube  thoroughly  with  the  pestle.  Fold  a 
filter  paper  and  fit  it  in  the  glass  funnel,  wetting  it  with 
distilled  water  to  make  it  stay.  Place  a  beaker  under 
the  funnel  and  pour  the  contents  of  the  mortar  into  the 
filter  gradually,  letting  the  liquid  run  down  a  rod  placed 
against  the  lip  of  the  mortar. 

Wash  out  the  mortar  thoroughly  with  warm,  distilled 
water,  using  the  wash  bottle,  and  run  the  content- 
through  the  filter.  Wash  the  filter  paper  thoroughly  with 
warm,  distilled  water  from  the  wash  bottle. 

Place  the  beaker  on  the  heating  stand  with  a  piece  of 
fine  wire  gauze  below.  Add  about  50  c,c,  of  saturated 
bromine  water  and  boil  the  contents  of  the  beaker  until 
colorless  to  expell  all  bromine  in  the  solution.  Then  add 
a  few  drops  of  chemically  pure  hydrochloric  acid  until  the 
solution  in  the  beaker  turns  blue  litmus  paper  red,  and 
boil  again  until  colorless. 

Wait  until  the  boiling  ceases  and  tJien  add  a  few 
crystals  of  barium  chloride  on  the  tip  at'  a  small  pen- 
knife blade.  Boil  again  for  3  niin.  and  if  any  sulphur 
be  present  a  white  precipitate  of  barium  sulphate  will 
be  formed  rapidly.  A  light  precipitate  indicates  a  small 
percentage  of  sulphur  and  vk-e  versa. 

Percentage  of  Sulphur 

Should  it  be  desired  to  weigh  tlie  barium  sulphate  to 
determine  the  percentage  of  sulphur  by  weight,  proceed 
as  follows  ^ 

Filter  off  the  barium  sulphate  as  in  the  previous  op- 
eration to  remove  the  glass.  Filter  very  slowly  and  caio- 
fully,  as  barium  sulphate  is  liable  to  work  through  the 
filter  paper,  and  use  only  the  first  quality  of  filter  paper. 
Wash  the  beaker  thoroughly  with  hot  water,  using  the 
wash  bottle,  and  run  the  water  through  the  filter.  AVash 
the  filter  paper  down  three  times  with  hot  water  from 
the  wash  bottle  which  can  be  placed  on  the  wire  gauze 
on  the  heating  stand  and  heated  with  the  bunsen  flame. 
Let  the  filter  drain  and  remove  it  carefully.  Fold  up  the 
filter  paper  and  place  it  in  a  porcelain  crucible  of  known 
weight.  Heat  the  crucible  on  a  clay  triangle  over  the 
naked  flame  of  the  bunsen  burner  until  the  filter  paper 
is  reduced  to  white  ash.  Let  the  crucible  cool  for  3 
min.,  add  three  or  four  drops  of  diluted  (1  to  -i)  sul- 
phuric acid  and  warm  very  carefully  until  the  acid  ceases 
to  give  off  white  fumes.  Then  heat  with  the  full  force  of 
the  burner  for  2  min.  After  cooling,  weigh  the  contents. 
The  increase  in  weight  of  the  crucible  will  be  the  weight 
of  the  barium  sulphate.  This  weight  multiplied  by  the 
factor  0.137  will  give  the  weight  of  the  sulphur.  All 
weights  should  be  within  i/o  mgm. 

■^lien  weighing  the  sample  of  oil,  put  the  bulb  in  .1 
cup  and  weigh,  then  put  the  oil  in  the  tube  and  weigh 
the  tube,  cup  and  oil.  The  difference  in  weight  equal; 
the  weight  of  oil. 

The  following  will  serve  as  an  illustration  of  the  weigh- 
ing and  calculations  involved: 

7.18.50  gm.,  weight  of  cup,  tube  and  oil 
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6.5740  gm.,  weight  of  cup  and  tube 
0.6110  gm.,  weight  of   oil 

5.4397  gm.,  weight  of  crucible  aud  i)recipitate 
5.4184  gm.,  weight  of  crucible 
0.0213  gm.,  weight  of  barium  sulphate 
The  weight  of  the  sulphur  would  then  be 


0.0213  X  0-137  =  0.0030181  gm. 
and  the  percentage  of  sulphur  in  the  oil. 

0.0029181        r  r    .-^ 

0.0(147,  =  0.477  per  cent. 


0.6110 
The  amount  of  sulphur  in 
by  this  method. 


:)al 


Iso  be  determined 


Operating  the  Plant  under  Difficulties 


iSlWOPSliS — Difficulties  met  in  tlie  inslalhiliini  of  an 
isolated  plant,  and  incidentally  a  considerahlc  rt'diicHoii 
in  the  cost  of  potver  over  purchased  current. 

For  three  years  the  Masou-Seaman  Transportation  Co., 
of  New  York  City,  has  been  buying  electric  current  for 
lighting  and  power  for  one  of  its  buildings,  a  four-story 
brick  structure  Two  horizontal  tubular  boilers  have 
been  oiJerated  to  supply  steam  for  heating  aud  for  a 
AVestinghouse  two-stage  air  compressor.  The  company 
operates  the  largest  taxicab  business  in  the  city,  and 
in  the  building  just  referred  to  houses  about  600  ma- 
chines. Due  to  the  open  driveways  into  the  building, 
and  the  oisen  M'indows  to  allow  the  exhaust  gases  from 
the  machines  to  escape,  22,000  sq.ft.  of  coil  surface  is 
rerpiired  to  heat  the  building.  Steam  is  also  required 
for  vulcanizing  the  tires,  and  on  the  top  floor  there  is 
a  good-sized  machine  shop  for  repairing  and  assembling 
new  cars  which  are  i)urchased  in  the  rough  by  the  com- 
pany. The  power  load  was,  therefore,  considerable,  and 
at  oc.  per  kw.-hr.  paid  to  the  Edison  Co.,  it  amounted 
to  a  sum  worth  considering  in  the  course  of  a  year. 

C.  J.  Kaidviu,  chief  engineer  of  the  plant,  decided  that 
as  long  as  boilers  had  to  be  operated  for  heating,  a  large 
saving  could  be  effected  by  generating  their  own  current 
for  lighting  and  power.  After  using  steam  in  an  engine 
about  85  per  cent,  of  the  heat  can  be  used  to  advantage 
in  a  heating  system,  so  that  in  the  present  case  the  cur- 
rent for  lighting  and  power  sliould  cost  but  very  little 
more  than  the  interest  and  depreciation  on  Ihc  invcstmenr 
for  the  generating  equipment. 

louring  the  summer  a  50-kw.  C.  &  C.  tlircc-wii-c  gm- 
ci'atiir  direct  connected  to  an  llxl2-in.  Anu's  simple  en- 
gine, was  installed.  It  wa.s  put  in  operation  on  Aug.  32, 
and  up  to  Feb.  15  was  run  231^  br.  per  day  with  such 
satisfactory  results  that  it  was  decided  to  enlarge  the 
])iant,  this  being  necessary  as  the  company  is  erecting  a 
new  building  beside  the  one  it  now  (iicupics.  On  Feb. 
15  a  100-kw.  unit  was  put  in  (ipcratimi  and  a  ■;5-kw. 
iinit  is  now  being  installed.  These  are  of  the  same  lypc 
as  tlic  50-kw.  machine,  and  the  engines  are  11x11  in.  and 
l:V\12  in.,  i-esi»ect ivcly.  Since  installing  tlic  100-kw. 
ni.irhinc  it  has  been  I'un  daytimes  under  SO  per  cent. 
I'liiii,  and  the  small  nuichiiie  has  been  run  nights  under 
!'5  per  cent.  load.  When  tbe  new  building  is  completed 
the  generating  equipnu^nt  will  be  taxed  tf)  ilie  limit. 

T^p  to  the  lime  the  large  unit  had  been  |iiit  in  (i|M'ni- 
tion,  Edison  breakdown  current  had  been  maintained  in 
tile  plant,  but  it  has  now  been  eliminated  altogether.  .\s 
shown  by  the  records  of  the  plant,  the  cost  of  operation 
has  I>een  less  than  8c.  ])er  kw.-hr.,  as  comparcil  Id  5c. 
formerly  ])aid. 

Tt  was  an  easy  matter  tn  instiill  the  generating  ('{jiiip- 


nient,  but  the  real  dillirulty  caine  in  equipping  the  boiler 
room  with  sufficient  additional  lioilei-  capacity  to  handle 
the  engine  load.  The  boiler  room  was  cmly  21  ft.  wide 
by  37  ft.  long,  with  head  room  of  15  ft.  10  in.  It  was 
impossible  to  install  enou.gh  fire-tube  boilers  in  this  space 
to  handle  the  load,  and  it  wns  necessary  to  replace  the 
two  already  installed  with  water-tube  boilers  of  sufficient 
capacity.  During  the  change,  however,  the  plant  had  to 
be  kept  in  o]ieration,  and  one  water-tube  boiler  had  to  be 
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insliilled,  which  would  leinporarily  carry  the  load  while 
ilir  old  return-tubular  boilers  were  being  removed  and 
a  second  water-tube  boiler  was  being  put  in  place.  Tlie 
spnce  between  the  setting  of  tlio  return-tubular  boilers 
and  the  wall  opposite  was  only  7  ft.  21/1;  in.,  and  as  pre- 
viously stated  the  head  room  was  15  ft.  10  in.  A  boiler 
which  would  carry  the  load  ;iiid  lit  this  space  was  hard 
to  find,  but  finally  the  jrcXaull  Boiler  Manufacturing 
Co..  of  Toledo,  Ohio,  agreed  to  install  one  of  its  single- 
drum  water-tube  boilers,  specially  designed  for  the  pur- 
]>ose.  The  boiler  rontains  ninety  4-in.  tubes  16  ft.  long, 
with  1640  s(|.ft.  of  beating  surface.  The  drum  is  41  in.  in 
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diameter  by  18  ft.  long,  and  the  grate  5  ft.  -i  in.  by  6  ft. 
9  in.  A  McClave-Brooks  grate  was  used  and  an  Argand 
blower  was  installed  to  force  the  boiler  considerably  be- 
yond its  rated  capacity  of  160  hp. 

To  make  matters  worse,  the  draft  was  not  good,  as 
the  stack  was  only  24  in.  square  and  91  ft.  high.  Due  to 
I  he  limited  space,  no  provision  could  be  made  for  clean- 
ing the  boiler,  and  on  Mar.  7,  after  it  had  been  in 
operation  for  two  months,  the  flue  ashes  were  over  the 
bottom  tubes  at  the  rear  of  the  setting  and  at  the  bridge- 
wall  near  the  sides  of  the  setting.  The  space  at  the  cen- 
ter had,  of  course,  been  kept  clear  by  the  force  of  the 
draft  from  the  Argand  blower.  Besides  there  were  chinks 
in  the  setting,  and  the  top  of  the  lioiler  was  not  covered, 
so  that  there  was  ample  opportunity  for  air  leakage  into 
the  combustion  chamber. 

Since  Jan.  14,  the  boiler  has  been  supplying  the  entire 
demand  of  the  plant,  and  this  from  Jan.  14  to  Feb.  15 
consisted  of  the  50-kw.  generating  unit,  the  two-stage 
Westinghouse  air  compressor  rated  at  40  hp.  and  running 
75  per  cent,  of  the  time,  live  steam  as  well  as  exhaust 
from  the  <?ngine  for  the  heating,  and  also  steam  for  the 
following  pumps:  one  23,4  and  4%  by  4-in.  house  pump 
running  75  per  cent,  of  the  time;  one  4-)4  and  5  l)y  5-iu. 


sump-well  imnii)  riiniiing  :iO  per  cent,  of  the  time,  and 
one  6  and  4  by  6-in.  boiler-feed  pump  running  inter- 
mittently to  supply  the  feed  water.  Since  Feb.  15,  80  kw. 
has  been  generated  for  light  and  power,  instead  of  5(), 
thus  putting  additional  load  on  the  boiler.  About  eight 
tons  of  N'o.  2  Inickwheat  coal  was  burned  per  day  of 
24  hr. 

Considering  the  adverse  conditions,  the  results  are  re- 
markable. That  the  boiler  was  able  to  carry  the  over- 
load is  worthy  of  comment,  and  the  cost  of  current  for  a 
plant  of  the  size  and  the  conditions  under  which  it  was 
operated  is  low. 

On  Mar.  7  the  installation  of  the  second  water-tiilie 
boiler  had  been  nearly  completed.  This  is  a  two-drum 
boiler  rated  at  249  hp.  It  is  of  the  same  length  as  the 
other,  has  135  four-inch  tubes  and  it  is  equipped  with  the 
same  type  of  grate  and  blower.  When  this  boiler  is  ready 
to  supply  steam,  and  the  first  boiler  has  been  provided 
with  a  proper  setting,  better  results  are  expected.  The 
engineer  hopes  to  produce  current  for  light  and  power  at 
an  operating  cost  approaching  Ic.  per  kw.-hr.,  and  when 
the  heating  system  is  in  full  blast  he  can  probably  do  it 
without  any  difficulty.  Further  results  from  this  plant 
will  tie  watched  with  interest. 


Power  Transmitting  Capacities  of  Pulleys 


By  Johx  S.  Lkehi; 


SYNOPSIS — A  number  of  lefts  showed  the  maximum 
transmAttiny  capacity  of  paper  pulleys  to  he  29.8  per  centt 
better  than  cast-iron  and  107.7  per  cent,  better  than 
wood  pulleys. 

The  writer  recently  came  across  the  accompanying 
data  which  are  the  results  of  tests  carried  out  less  than 
two  years  ago  but  which  he  was  then  unauthorized  to 
publish.  The  object  of  these  tests  was  to  determine  the 
relative  transmitting  powers  of  wood,  paper  and  cast- 
iron  pulleys  with  leather  belts,  and  the  accompanyiug  re- 
.sults,  the  average  of  twenty  independent  readings  at 
each  speed,  came  rather  as  a  surprise  to  the  interested 
parties. 

Belt  slip  and  tension  were  calculated  at  the  same  values 
for  each  pulley  so  that  a  working  basis  fair  to  all  the 
pullej's  was  obtained.  The  belt  tension  (the  tension  in 
the  driving  side  plus  half  the  tension  in  the  slack  side) 
was  constant  at  all  speeds.  The  results  show  the  maxi- 
mum transmitting  capacity  of  paper  pulleys  to  be  29.8 
per  cent,  better  than  cast-iron  and  107.7  per  cent,  better 
than  wood  pulleys,  the  maximum  figures  for  each  pulley 
occurring  at  different  speeds. 

It  may  be  noticed  that  in  each  case  the  capacity  falls 
off  more  rapidly  after  passing  the  maximum  than  it  in- 
creases before  reaching  this  value.  This  tendency  is  more 
marked  in  the  cast-iron  pulley.  The  wood  pulley  'liangs 
on"  around  its  maximum  over  a  greater  range  of  belt 
speeds  than  either  of  the  others. 

During  these  tests  measurements  were  made  to  com- 
pare the  temperatures  of  the  surfaces  of  each  pulley,  first 
with  constant  horsepower  (8  hp.  per  sq.in.  cross-section 
of  the  belt)  and  second  with  constant  belt  speed  (3500 
ft.  per  min.).  The  results  obtained  showed  that  with 
constant  power,   wood   pulleys   were   the   hottest,    paper 


next,   and   cast    iron   coolest.      With   constant   speed    tlie 
paper  was  the  hottest  and  the  wood  a  very  close  second. 

At  the  completion  of  the  experiments  the  belt  speed 
was  increased  with  the  object  of  determining  the  speed 
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at  which  the  wood  pulley  would  begin  to  char.  This 
was  found  to  occur  at  approximately  7200  ft.  per  min. 
The  paper  pulley  was  next  tried  for  charring,  but  no 
trouble  ensued  up  to  about  79(10  ft.  per  min.     It  was  im- 
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possible  to  go  above  this  speed  as  the  belt  tiew  ott'  the 
pulleys  repeatedly  when  it  was  attained.  After  several 
attempts  to  go  higher,  one  of  the  experimenters  had  a 
narrow  escape  from  the  flying  belt  as  it  came  off  the  pul- 
levs.  and  further  trials  were  abandoned. 


New  American- Ball  Paper-Mill  Engine 

The  fundamental  requirements  of  a  variable-speed 
paper-mill  engine  are  a  speed  range  equivalent  to  the  de- 
sired speed  range  of  the  rolls,  and,  as  near  as  possible, 
perfect  regulation  at  all  speeds.  To  meet  these  require- 
ments the  American-Ball  four-cj'linder  paper-mill  engine, 
illustrated  herewith,  has  been  designed. 

The  four  cylinders  are  arranged  in  pairs  at  right  angles, 
making  an  engine  of  two  units,  each  of  which  has  a  ver- 
tical and  horizontal  cylinder.  Fig.  1.  One  vertical  and 
one  horizontal  piston  drive  one  crankpin,  and  the  other 
vertical  and  horizontal  pistons  a  second  crankpin  45  deg. 
from  the  first,  so  that  there  are  eight  power  strokes  per 
revolution,  evenly  distributed.  A  counterweight  on  eacli 
crank  transfers  the  horizontal  reciprocating  forces  from 
a  horizontal  to  a  vertical  plane,  in  whicli  they  meet  equal 
and  opposite  reciprocating  forces  from  the  vertical  re- 
ciprocating masses,  which,  therefore,  neutralize  uiibalanc- 


FiG.  2.   View  of  the  Ball  Governor 

particular  service.  The  first  governor  is  used  as  an  au- 
tomatic safety  stop  and  is  placed  nearer  the  steam-supply 
pipe,  at  the  right  of  Fig.  2.  It  is  belt  driven  from  the 
engine  shaft  and  has  an  automatic  tripping  mechanism. 

The  steam  vahc  remains  wide  ojx'ii  throughout  the  nor- 
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iiig  and  permit  o]uTalion  at  from  too  to  5<J()  r.p.m.  The 
engine  may  be  operated  at  as  low  a  speed  as  .50  r.p.m. 
with  good  regulation,  so  tliat  a  total  speed  range  of  8 
to  1  and  even  10  to  I  may  lie  obtained.  The  engine  may 
'"•  coupled  directly  to  the  line  shafting. 

In  Figs.  2  and  3  are  shown  the  speed-changing  and 
giiverning  mechanisms.  Two  governors  are  u.sed,  each  of 
standard    ty])e,   specially    improved    and    adapted    to   this 


mal  range  of  s])eeds  for  which  the  engine  is  designed,  but 
if  the  speed  exceeds  the  ])redetermined  limit  the  mechan- 
ism is  trip))ed  and  the  weighted  lever  closes  the  ste.im 
valve.  M  all  normal  speeds  this  governor  valve  has  no 
throttling  effect. 

The  second  governor,  at  the  left  in  Fig.  2,  controls  the 
engine  speed  and  is  driven  through  the  variable-speed 
friction  device  also  shown. 
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To  iJreveiiT  speed  surges,  a  staiulard  governor  lias  been 
equipped  with  a  mechanism  comprising  stabilizing  springs 
and  an  oil  pot.  The  piston  of  the  oil  pot  receives  mo- 
tion from  the  governor  stem,  through  the  spring  stabiliz- 
ing device,  which  absorbs  shocks  induced  by  sudden 
changes  in  the  speed  of  the  governor  balls.     This  stablized 


Fig.  3.   Ball  Govkhxoi!  axu  ISi'l;i;d-(.'haxging 
Mechanlsm 

go\'ernor  is  driven  from  the  engine  through  a  variable- 
speed  friction  device.  A  belt  from  a  pulley  on  the  en- 
gine shaft  drives  a  pulley  on  the  friction  device,  which 
drives  a  second  pulley  through  two  disks  and  two  pairs  of 
friction  wheels.  Any  speed  from  minimum  to  maximum 
mav  be  imparted  to  the  second  iJulley,  which,  in  turn, 
drives  the  governor. 

The  two  large  iron  disks  are  each  keyed  to  a  pulley 
shaft.  Bearing  on  the  surface  of  these  disks  are  four 
.'mall  friction  wheels,  one  on  each  side  of  each  disk.  The 
driving  disk,  keyed  to  the  shaft  of  the  driving  pulley, 
rotates  the  two  friction  wheels,  held  against  it  by  springs, 
and  the  second  pair  of  friction  wheels  drives  the  second 
disk  and  the  pulley  keyed  to  its  shaft. 

The  speed  is  changed  by  shifting  the  position  of  the 
friction  wheels,  which  are  carried  by  four  rockers  lo- 
cated in  pairs ;  each  pair  is  held  to  a  shaft  which  passes 
through  guides  and  may  be  shifted  as  desired  by  a  chain 
wheel  and  lead  screw  cut  at  one  end.  Each  pair  of  rock- 
ers is  held  together  by  springs,  thus  keeping  the  friction 
wheels  firmly  against  the  disks.  All  bearings  are  of  the 
ball-bearing  t}T)e. 

This  engine  is  built  by  the  American  Engine  Co., 
Bound  Brook.  X.  J. 


Flexible  Metallic  Combination  Hose 

A  new  (oupling,  known  as  the  J-M  flexible  metallic 
combination  hose,  consists  of  a  durable  rubber  hose,  pro- 
tected against  outward  injury  by  a  stout  metal  armor.  The 
armor  is  made  in  the  form  of  a  ribbon,  with  crimped 
edges,  forming,  when  wound,  a  continuous  interlocking 
flexible  spiral,  which  is  designed  to  be  practically  pres- 
sure-tight in  itself,  without  the  inner  tube. 

As  the  interlockine  eonstruction  of  the  spiral  restricts 


the  curvature  of  the  hose,  sharp  bends  are  impossible. 
Consequently,  the  inner  tube  cannot  kink  or  flatten,  aiul 
is  always  open  to  its  full  diameter,  permitting  an  unre- 
stricted flow  of  steam,  gas  or  fluid. 

Owing  to  its  strength,  the  armor  is  practically  proof 
against  damage  from  the  outside.  Service  tests  show  that 
it  will  resist  a  crushing  strain  of  300  to  800  lb.  to  each 
four  turns  of  the  spiral,  depending  on  the  size  of  the  hose, 
wliile  it  is  capable  of  withstanding  high  internal-working 
pressures. 

The  inner  tube  is  never  subject  to  any  pulling  strain. 
as  the  armor  .is  stretched  to  its  maximum  length  before 
the  former  is  inserted.  All  the  working  strain  comes  on 
the  armor,  which  is  tested  to  resist  an  end  pull  or  thrust 
of  1000  to  2000  lb.  The  exterior  surface  does  not  become 
excessively  hot  when  used  for  steam  service,  and  can  be 
conveniently  handled. 

Specially  designed  couplings  of  malleable  iron  or  brass 
are  furnished  with  each  length  of  hose.  Each  coupling 
consists  of  an  outer  sleeve,  into  which  the  metal  armor  is 
threaded  and  riveted,  an  internal  nipple,  tapered  on  one 
end  to  fit  tightly  inside  the  inner  tube,  and  the  lock  or 
binding  nut  which  serves  to  wedge  the  internal  nipple 
into  the  inner  tube  and  hold  it  tightly  again.st  the  inner 
walls  of  the  outside  sleeve.  The  outer  end  of  the  internal 
nipple  is  furnished  in  male  or  female  type,  threaded  to 
meet  any  t-tandard  requirement. 

This  hose  can  be  furnished  in  any  length,  in  any  inside 
.  diameter  up  to  12  in.,  of  any  metal,  and  for  all  working 
pressures.  It  is  also  made  with  an  inside  pressure-tight 
metallic  lining  as  well  as  outside  metal  armor,  for  suc- 
tion service,  oils,  etc.  For  washing  out  boilers,  for  round- 
house work,  and  for  use  in  other  places  where  steel  would 
corrode,  copper  armor  is  used. 

This  hose  is  made  by  IT.  ^^^  Johns-Manville  Co.,  New 
York  Citv. 


Hammer-Head  Monkey-Wrench 

The  hammer-head  jaw  of  the  wrench  shown  extends 
outward  instead  of  opening  toward  the  handle  to  gain  a 
longer  leverage  in  proportion  to  the  size  of  the  nut.  The 
handle  contains  a  housing  through  wliich  the  jaw  slides. 
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r.nd  a  nut  guard  protects  the  adjustment  of  the  wrench. 
This  guard  keeps  the  adjustment  from  shifting  through 
jar  or  vibration. 

The  wrench  is  made  of  drop-forged  steel,  in  a  variety 
of  sizes,  by  the  Trimont  Manufacturing  Co..  Eoxburj% 
Mass. 


the  surface  of  loaded  coal 
in  Germany  as  a  security 
against  coal  pilfering  during  transportation.  Where  the  ex- 
periment has  been   tried  it  is  said  to  have  been  successful. 


The    custom    of    whitewashing 
sfagons     has    been     inaugurated 
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Racing  of  Rotary  Converter 

The  at-L-ompauyiug  photograph  shows  the  result  of  the 
racing  of  a  300-kw.  rotary  converter,  which  occurred  r,n 
Apr.  5  at  one  of  the  substations  of  the  Spriiigfiehl,  Troy 
&  Piqua  Ey.  Co.,  Springfield,  Ohio. 

When  a  series-wound  rotary  converter  is  running  in 
parallel  with  other  machines  supplying  a  direct-current 
system,  and  its  alternating-current  supply  is  interrupted 
without  the  circuit-breaker  on  the  direct-current  side  be- 
ini;-  oiii'ued.  the  current  from  the  other  machines  will  feed 


Showing  Effixts  of  Racixg 

back,  running  it  as  a  scries  motor.  Under  these  condi- 
tions there  will  Ije  no  load  on  the  converter  and  it  will 
immediately  run  away,  unless  some  protective  device 
opens  the  direct-current  circuit.  This  is  what  happened 
in  the  present  case. 

The  converter  was  protected  by  a  low-voltage  release, 
also  a  speed-limit  device  on  the  end  of  the  armature 
>liaft.  This  consists  of  a  revolving  contact  piece,  which 
under  the  action  of  centrifugal  force,  wlien  above  a  cer- 
tain rotative  speed,  makes  contact  '"ith  a  short-circuiting 
ring,  thus  demagnetizing  a  solenoid  oii  the  circuit-brcak'T, 
dropping  the  ])lungcr  and  opening  the  circuit. 

For  some  unknown  rea.son  this  device  failed  to  operate, 
although  it  had  been  inspected  recently  and  found  in 
working  order.  Besides  wrecking  the  machine,  as  shown, 
the  building  was  damaged  to  some  extent. 

Decreasing  Frequency  of  Transformers* 

By  F.  a.  Axxktt 
The  losses  in  a  transformer  are  divided  into  two 
parts,  namely:  Iron  losses  and  copper  losses.  The  iron 
losses  are  due  to  hysteresis  caused  l)y  the  molecular  fric- 
tion of  the  iron  and  to  eddy-current  losses  caused  by  the 
varying  magnetic  flux  inducing  electromotive  forces  in 
Ibe  core.    The  iron  losses  are  independent  of  the  load,  for 

•This  article  was  prepared  In  response  to  several  In- 
quiries from  readers  relative  to  the  effect  on  the  transformer 
losses,   of  chan^in^  from  60  to  50  cycles. 


they  are  dependent  on  the  magnetic  density  in  the  core, 
which  is  about  the  same  at  no  load  as  at  full  load  and 
go  on  while  the  transformer  is  connected  to  the  line." 

The  copper,  or  P-R,  losses  increase  with  tlie  load.  The 
combined  effect  of  the.  iron  and  copper  losses  ir>  to  heat 
up  the  coils  and  core  so  that  the  amount  of  power  a  trans- 
former is  capable  of  delivering  is  limited  by  the  heating 
effect.  The  watts  expended  in  heating  the  transformer  is 
the  difference  between  the  watts  input  at  the  primary  and 
the  watts  output  at  the  secondary. 

The  hysteresis  losses  vary  as  the  1.6  power  of  the  mag- 
netic density  and  directly  as  the  frequency.  The  eddy- 
current  losses  vary  as  the  square  of  the  frequency  and 
magnetic  density. 

Considering  the  e.ni.f.  induced  in  the  primary  equal 
and  opposite  to  the  impressed  e.m.f.,  a  condition  ap- 
proached in  a  well  designed  transformer  under  no  load. 

Let 
£ b  =  Impressed  primary  voltage ; 
o  =  Total  flux  through  the  core; 
T[>  =  Number  of  turns  in  series  oil  the  primary,  coil ; 
/  =  Frequency   in   cycles  ]x>r  second. 


Then  £(>  = 


4.44  <^7' ■/ 


(1) 


From  the  formula  (1)  it  is  evident  that  if  Ep  and  Tp 
are  constant,  and  the  frequency  (/)  is  changed,  the  flux 
(0)  must  change  in  inverse  |)ro])ortion ;  that  is,  if  the 
frequency  is  decreased  the  tlux  must  increase  in  the  same 
proi)ortion.    Let 

r  =  Vohinie  of  iron  in  culiir  iiu  lies  in  the  core  of 

a  given  transrornicr  ; 
B  =  Magnetic  density   in   lines  of  force   per  square 

inch  : 
//■  =  ^\'atls  loss  i>cr  cubic  imh  ]icr  i-ycle  for  a  den- 
sity B; 
f  :=  Frequency  in  cycles  per  second; 
IP/;   =  Total  watts  loss  due  to  hysteresis  =   Virf. 
Tf  the  frequcniy  /  is  cliaiigcil   \n  the   t're(|ucncy  /'  the 

niagnelic  dcnsily  will  change  t'runi  />'  In  I!'  ^  -;,- .        Let 

;/•'  =  Watts  loss  per  cubic  inch  per  cycle  Utr  a  den- 
sity ir : 
W'li  =  Total    watts   loss   due   to   hysteresis  for  a   fre- 
quency /'. 

^    /A'.A'" 


Then  w'  = 


.\n 


/yl.6  Jil.6  JjlAflA  y'l.( 


Since  V  =  Constant :  lei 

ir  =  Watts  loss  per  cycle  fcir  a  frcf|ueiicy  /  =   Vv;, 
■px, 


Then  11'/,  = 


^•'0.6 


(2) 
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That  is,  the  watts  loss  (Wh)  due  to  hysteresis  in  a 
giveu  transformer  for  any  frequency  is  equal  to  the  watts 
loss  per  cycle  (W)  times  the  1.6  power  of  the  frequency 
(/)  for  which  the  transformer  is  designed,  divided  by  the 
0.6  power  of  the  frequency  (/')  that  the  transformer  is 
Yorkiug  on. 

Since  the  eddy-current  losses  vary  as  the  square  of  the 
frequency  and  magnetic  density  they  will  remain  about 
constant  for  any  frequency  in  a  given  transformer,  for 
the  magnetic  density  varies  inversely  as  the  frequency. 

It  is  evident  from  formula  (2)  that  if  the  frequency 
is  decreased  the  losses  due  to  hysteresis  will  be  increased 
and,  as  stated,  the  hysteresis  and  eddy-current  losses 
should  be  kept  as  small  as  possible,  for  they  are  going 
on  all  the  time  as  long  as  the  transformer  is  connected  to 
the  line ;  also  the  magnetic  density  varies  inversely  as  the 
frequency,  requiring  greater  magnetizing  current. 

Up  to  a  magnetic  density  of  about  70,000  lines  per 
square  inch  in  a  good  quality  of  transformer  iron  (see 
the  accompanying  curves),  the  flux  increases  directly  as 
the  ampere  turns  per  inch  of  length.     At   this  density 


isaooo 
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about  25  ampere  turns  per  inch  leugth  of  core  are  re- 
quired to  set  up  the  flux.  At  100,000  lines  per  square 
inch  it  requires  65  ampere  turns  per  inch  length  and  at 
140,000  lines  per  square  inch  (this  is  about  the  point 
of  saturation)  it  requires  about  600  ampere  turns  per 
inch  length. 

The  magnetizing  current   may  l)e  expressed  as 

LjIT) 

wliere 

Im=  Total  current  required  to  set  up  the  flux  through 
the  core ; 
(IT)  =  Ampere  turns  per  inch  lengtli  =  average  turns, 
T,  in  series  per  inch  of  length  times  /    the 
total  current  in  the  coil : 
L  =  Mean  length  of  transformer  core ; 
Tp=^  Total  number  of  turns  in  series  on  the  prima i 

coil. 
Since  the  flux  increases  inversely  as  the  frequency  it 


is  evident  that  if  the  frequency  is  greatly  decreased  the 
fiux  will  become  very  high,  and  above  70,000  lines  of 
force  per  squai'e  inch,  the  ampere  turns  (IT)  per  incli 
length  increase  \ery  fast.  If  this  element  becomes  very 
large  (Im)  the  total  current  required  to  set  up  the  flux 
also  becomes  very  large,  although  this  current  is  90  deg. 
behind  the  e.m.f.  and  is  wattless.  It  is,  nevertheless, 
loading  up  the  line  and  alternator,  and  reducing  the 
power  factor  of  the  whole  system,  thereby  reducing  the 
iiseful  working  capacity. 

Since,  the  current  required  to  supply  the  iron  losses  is 
in  phase  with  the  e.m.f.  and  the  magnetizing  current  is 
90  deg.  behind  the  e.m.f.,  the  no-load  or  exciting  current 
will  be  the  resultant  of  the  magnetizing  current  proper 
and  the  current  required  to  supply  the  core  losses,  and 
may  be  expressed  by  the  formula : 


I  = 


117,  +   IlVy      /L  (IT)Y 


Ep       )     '    \     Tp 

We>i  being  the  watts  loss  due  to  eddy  currents,  and  the 
cosine  of  the  angle  of  lag  between  this  resultant  and  the 
e.m.f.  will  be  the  power  factor  of  the  transformer.  There- 
fore, the  greater  the  magnetizing  current  component,  the 
lower  the  power  factor  of  a  given  transformer  at  no  load ; 
this  will  cause  a  lower  power  factor  at  full  load. 

The  increase  in  the  magnetizing,  current  is  dependent 
upon  the  magnetic  density  per  square  inch  for  which  the 
transformer  is  designed.  Assume  that  the  magnetic  den- 
sity is  low,  say,  30,000  lines  per  square  inch.  If  the  fre- 
quency is  decreased  by  one-half,  the  magnetic  flux  will 
be  doubled,  and  the  exciting  current  will  be  approximately 
doubled,  but  if  the  transformer  is  designed  to  work  at  a 
magnetic  density  of  60,000  lines  to  the  square  inch,  and  if 
the  frequency  is  decreased  by  one-half,  the  magnetic  flux 
will  be  doubled  as  before,  and  tlie  magnetizing  current 
will  be  increased  approxinuitely  eighteen  times. 


Unequal  Altjernator  Voltages 

Referring  to  the  inquiry  by  H.  J.  B.  and  the  answer 
thereto,  printed  on  page  506  of  the  Apr.  8  number  of 
Po'rt  EH,  it  may  be  of  interest  to  point  out  that  unequal 
voltages  from  alternators  of  the  same  size  and  type,  run- 
ning at  equal  speeds  and  with  equal  field  excitations, 
could  be  due  to  eccentricity  of  the  armature  of  one  nia- 
cliiue  or  to  a  slight  ditt'erence  in  the  air-gap  lengths  of  the 
two.  It  is  diflScult  to  build  two  machines  with  air  gaps 
of  precisely  the  same  effective  lengths,  and  a  small  dif- 
ference Is  noticeable  in  the  generated  voltage. 

It  is  possible  that  in  the  case  stated,  one  armature  was 
not  in  the  exact  center  of  the  circle  formed  by  the  pole 
far  as.  If  this  be  true,  the  machine  with  the  eccentrically 
mounted  armature  would  generate  a  lower  voltage  than 
the  one  with  a  truly  centered  armature.  The  reason  is 
that  the  shortened  air  gaps  around  one-half  of  the  arma- 
ture circumference  cannot  compensate  fully  for  the  length- 
ened ones  around  the  other  half,  because  the  excessive 
magnetic  flux  across  the  short  gaps  will  increase  the  flux 
density  in  the  corresponding  magnet  cores  and  this  will 
choke  down  the  increase  in  flux  below  the  point  neces- 
sary to  ccuupensate  for  the  weakened  poles  diametrically 
opposite. 

Cecil  P.  Poole. 

Atlanta,  Ga. 
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Performance    of  Engine  Operating  on 
Coke-Oven  Gas 

The  aila]italulity  of  the  intenial-eomlnistiou  engine  to 
the  intermittent  service  required  in  many  gas-pumping 
stations  has  led  a  number  of  illuminating-gas  companies 
to  install  such  engines  in  connection  with  rotary  blowers 
or  exhausters  for  handling  large  volumes  of  gas  at  low 
pressures.  The  low  stand-by  loss  in  conjunction  with  the 
high  thermal  efficiency  of  the  gas  engine  results  in  a  low 
cost  for  power,  which  is  even  more  marked  when  some 
such  fuel  as  coke-oven  gas  is  available. 

The  People's  Gas  Light  &  Coke  Co.,  of  Chicago,  has  re- 
cently made  an  installation  of  this  kind  at  its  110th  St. 
pumping  station.  The  equipment  now  consists  of  two  ISx 
2J:-in.,  tandem,  double-acting.  Buckeye  gas  engines,  each 
driving  a  Piqua  blower  through  a  flexible  coupling.  ■  A 
third  unit  of  the  same  kind  and  size  has  been  purchased 
and  its  installation  is  now  under  way. 

The  engines  are  of  the  standard  Buckeye  design,  as  il- 
lustrated in  the  Xov.  28,  1911,  issue  of  Power,  except 
that  the  inlet  valves  are  water  cooled  to  assist  in  hand- 


ling the  high  hydrogen  gas  which  i?  obtained  from  a 
neighboring  byproduct  coke-oven  p.ant  of  the  Semet- 
Solvay  Co. 

A  typical  analvsis  of  this  gas  after  being  purified  -S 
as  folfows:  CO^",  1.9;  C,H/and  C,H„,  4;  0.  1.6:  H, 
51.8;  CH„  30.6;  N,  5.  The  heat  vaiue  rajiges  froir  560 
to  590  B.t.u.  per  cu.ft.     This  gas,  after  being  ruoperly 


16,CU0 


'afed  load 


Fig.  2.  Kesmits  of  Kconomt  Test 
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enriched  to  niwt  the  requin'ments  of  the  Cluerttixi  or- 
diuance  as  to  eaiuUepower  aiul  heat  value,  is  luunped  liy 
tlie  exhausters  to  the  lighting  mains. 

Inasmuen  as  the  quantity  of  gas  pumped  is  variable,  the 
engines  are  arranged  to  operate  at  any  speed  between  75 
and  190  r.p.m.  This  is  accomplished  by  a  shifting  weight 
in  connection  with  the  regular  engine  governor.  Once 
set  for  the  desired  revolutions  per  minute  this  device  holds 
the  engine  speed  constant  regardless  of  changes  in  tiie 
load  caused  by  variations  in  the  pressure  against  whicli 
the  exhausters  deliver  the  gas. 

An  economy  and  capacity  test  of  these  engines  was 
made  bv  the  gas  company's  engineers  on  June  36  to  28, 
1912.  Eegults  of  the  economy  test  are  .shown  in  Fig.  2. 
From  this  it  will  be  noted  that  the  highest  thermal  effi- 
ciency, 23.4  per  cent.,  was  attained  at  about  seven-eighth.s 
load,  although  the  curve  is  very  flat  from  three-fourths 
to  full  load.  The  guaranteed  heat  consumption  per  brake 
horsepower-hour  at  various  loads  was  as  follows: 


Horsepower 

B.t.u.   per  Brake 
Horsepower-Hour 

165 
310 

14.000 
12.000 
11,000 

Reference  to  the  curves  will  .show  that  the  actual  ]ier- 
forniance  was  well  within  these  figures. 

Quality  and  Uniformity  of  Producer 
Gas 

By  Rhginald  Trautschold 

The  percentage  of  hydrogen  in  producer  gas  determines 
its  richness,  and  upon  the  uniform  quality  of  the  gas 
depends  largely  the  performance  of  the  engine. 

An  insufficient  supply  of  water  vapor  or  steam  will  not 
only  fail  to  furnish  the  requisite  proportion  of  hydrogen, 
but  the  temperature  of  the  fuel  bed  will  become  too  in- 
tense. Too  much  water  vapor,  on  the  other  hand,  re- 
duces the  temperature  of  the  fuel  bed  to  the  extent  that 
it  is  unable  to  break  up  the  steam  into  its  component 
i  parts,  so  that  there  is  again  a  scarcity  of  hydrogen  in  the 
''delivered  gas.  The  supply  of  water  vapor  then  must  de- 
pend upon  the  intensity  of  the  heat  in  the  producer  and 
it  was  on  this  point  that  so  many  of  the  first  installations 
*f  gas  producers,  where  steam  was  obtained  from  some 
independent  source  and  could  not  be  readily  proportioned 
to  meet  the  exact  requirements  of  the  producer,  proved 
unsatisfactory. 

The  necessitv  for  uniform  richness  of  tlie  gas  is  now 
well  recognized  and,  although  careful  tests  have  failed  t(> 
establish  any  exact  rule  for  the  amount  of  water  vapor 
!  required  per  pound  of  fuel  consumed,  the  most  experi- 
enced manufacturers  of  gas  producers  state  that  from 
0.6  to  1  lb.  of  steam  is  required  per  pound  of  fuel  con- 
sumed. This  is  very  satisfactorily  taken  care  of  in  cer- 
tain types  by  causing  the  producer  itself  automatically  to 
regulate  and  supply  the  water  vapor  carried  through  the 
bed  of  incandescent  fuel.  This  can  be  done  quite  ac- 
curately as  the  heat  of  the  fire  bed  is  directly  proportional 
to  the  amount  of  air  supplied,  which,  in  turn,  is  dependent 
upon  the  suction  created  by  the  engine  and  is  thus  propor- 
tional to  the  engine  requirements  of  fuel.  The  supply  of 
water  vapor  must  then  also  be  proportional  to  the  fuel 
requirements  of  the  engine  and  this  is  accomplished  in 
several  ways. 


In  the  Smith  jn-odiicer,  the  fact  that  air  at  any  given 
temperature  is  capable  of  carrying  only  a  certain  amount 
of  water  vapor  in  suspension  (point  of  saturation)  is 
made  use  of  for  properly  proportioning  the  mixture  of  air 
and  water  vapor  supplied  to  the  producer.  This  propor- 
tion of  air  and  water  vapor  not  only  maintains  a  producer 
fire  at  a  satisfactory  temperature,  but  also  supplies  the 
necessary  hydrogen  for  a  uniform  raixture.  The  hot 
jacket  water  from  the  engine  is  utilized;  being  brought  to 
a  still  higher  temperature  by  heat  reclaimed  from  the 
engine  exhaust.  The  hot  water  is  then  discharged  into  a 
"saturator"  so'  constructed  that  the  air  supply  passes  up 
through  a  bed  of  coke  over  which  the  heated  jacket  water 
is  sprayed.  The  air  supply  for  the  producer,  its  volume 
proportional  to  the  engine  requirements  for  fuel,  is  passed 
up  through  the  mass  of  coke  and  absorbs  water  vapor  up 
to  the  point  of  saturation  at  the  temperature  of  the  mix- 
ture leaving  the  saturator.  A  thermostat  in  the  path  of 
the  saturated  and  heated  air,  just  before  it  enters  the 
producer,  regulates  the  amount  of  heated  water  discharged 
over  the  coke  bed  and  thus  maintains  constant  the  tem- 
])erature  of  the  air  supply  and  the  amount  of  water  vapor 
it  is  capable  of  carrying.  The  air  supply  being  propor- 
tional to  the  heat  of  the  fuel  bed,  the  water  supply  is  also 
correctly  proportioned. 

The  Akerlund  bituminous  jirodnwr  of  the  down- 
draft  type  regulates  the  supjdy  of  water  vapor 
in  a  somewhat  dift'erent  manner.  A  water  tank 
(ii-  vaporizer  is  situated  within  the  producer  shell  sur- 
iiiunding  the  top  of  the  ash  bed,  adjacent  to  the  live-fuel 
bed.  This  tank  is  supplied  with  preheated  water  from 
the  water-cooled  top  of  the  i>roducer,  the  temperature  ot 
the  supply  being  practically  constant  for  any  normal  con- 
dition of  fire  bed.  The  heat  from  the  fire  converts  this 
preheated  water  into  vapor  at  a  rate  directly  proportional 
to  the  temperature;  this  vapor  rises  and  mixes  with  thu 
air  supply,  which  is  also  heated  by  circulating  within  the 
producer  shell,  and  the  temperature  of  which  is  likewise 
proportional  to  that  of  the  fire  bed.  The  heated  air  car 
Ties  a  quantity  of  water  vapor  which  varies  directly  with 
the  intensity  of  the  heat  of  the  fire  and  thus,  as  the  air 
supply  is  proportional  to  the  rate  of  gas  production,  a 
constant  percentage  of  hydrogen  is  maintained  in  the  de- 
livered producer  ga.s. 

The  Akerlund  anthracite  producer  of  the  up-draft  type 
u.ses  a  slightly  different  arrangement  for  maintaining  the 
correct  amount  of  hydrogen  in  the  gas.  In  this  producer, 
the  top  is  also  water  cooled,  forming  a  vaporizing  cham- 
ber, and  the  air  supply,  after  being  heated  by  passing  be- 
tween the  shell  lining  and  the  firebrick  lining,  circulates 
in  the  vaporizing  chamber.  After  absorbing  water  vapor 
to  the  point  of  saturation,  the  heated  air  is  drawn  down, 
inside  the  lining,  and  is  delivered  under  the  fire  bed ;  i1 
then  passes  up  through  the  bed  of  incandescent  fuel.  The 
supply  of  water  vapor  is  thus  automatically  regulated  by 
the  temperature,  which  is  similarly  regulated  by  the  de- 
mands for  gas  so  that  the  resulting  gas  is  uniform  in 
quality. 

The  Otto  suction-gas  producer  employs  practically  tlio 
same  method  of  regulating  the  supply  of  water  vapor  as 
is  u.sed  in  the  anthracite-coal  type  of  Akerlund  producer. 
In  fact,  every  succes.sful  producer  makes  provisions  for 
regulating  the  vapor  to  conform  to  the  rate  of  gasification. 
The  apparent  simplicity  of  the  suction-gas  producer  « ill 
doubtless  cau.se  incorrectly  proiiortioned   and    pnorly  de- 
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signed  producers  to  continue  to  appear  on  the  mark(;t. 
Therefore,  it  is  still  imperative  for  the  purchaser  to  pay 
particular  attention  to  the  provisions  for  supplying  a  gas 
of  uniform  richness.  This  is  a  matter  of  importance  that 
cannot  he  decided  from  records  of  economic  production 
of  power  as  indicated  by  tests  that  may  have  been  con- 
ducted under  unusually  favorable  conditions. 

The  early  difficulties  with  producers  depending  fo. 
their  operation  upon  a  water-vapor  supply  that  did  not 
vary  with  the  heat  intensity  of  the  fire  bed,  led  to  other 
means  for  keeping  the  temperature  from  becoming  ex- 
cessive and  for  supplying  the  elements  necessary  for  the 
reduction  of  carbon  dioxide  to  carbon  monoxide.  The 
most  successful  substitute  was  the  exhaust  gases  from  the 
engine.  This  is  the  method  employed  by  the  Tait  pro- 
ducer and  iias  given  excellent  results.  The  principle  com- 
[Kinent  of  the  exhaust  gases  from  the  engine,  other  than 
nitrogen,  being  carbon  dioxide,  the  reduction  taking  place 
in  the  producer  is  very  similar  to  that  occurring  when 
water  vapor  is  used,  the  carbon  dioxide  combining  with 
the  incandescent  carbon  to  form  carbon  monoxide,  the 
inert  nitrogen  and  the  heat  absorbed  in  reducing  the  car- 
bon dioxide  serving  to  keep  down  the  temperature  of  the 
fire  l)ed.  The  gas  delivered  is  very  uniform  in  quality 
and  differs  from  that  generated  in  a  producer  utilizing 
water  vapor,  by  containing  a  somewhat  smaller  percent- 
age of  all  the  component  gases  other  than  marsh  gas,  of 
which  there  is  a  slight  increase,  and  an  increase  in  the 
]iercentage  of  nitrogen  in  the  gas  delivered  from  the  pro- 
ducer. 


High-Tension  Ignition  with  Batteries 

By  a.  L.  Brexnax.  Jr. 

The  chief  difference  between  high-  and  low-tension  ig- 
nition is  that  the  former  system  requires  a  secondary  cur- 
rent in  order  that  the  resistance  offered  by  the  gap  be- 
tween the  points  of  the  spark  plugs  may  be  overcome.  A 
high-tension  system  is  more  likely  to  short-circuit  than 
low-tension  and,  therefore,  it  is  important  that  well  in- 
sulated wiring  be  used  and  that  care  be  exercised  to  see 
that  the  insidation  is  not  broken  down  by  being  repeatedly 
subjected  to  the  elements,  or  to  excessive  chafing  or  vibra- 
tion. The  coils  and  batteries  should  be  kept  in  a  dry. 
clean  place  and  if  jjossible  the  wiring  and  spark  plugs 
should   also  he  protected. 

Some  troubles  which  point  to  faulty  ignition,  uiay  be 
due  to  other  causes.  For  instance,  misfiring  is  dftcii  due 
to  some  d.Tangeinent  of  the  ignition  system.  Imt  it  may 
also  be  due  to  faulty  carburction  or  other  causes. 

As  previously  stated  high-tension  ignition  may  i)c  di- 
vided into  two  parts:  the  primary  and  the  secondary  cir- 
cuits. Therefore,  if  one  will  first  beconu'  familiar  will', 
these  parts  and  their  corresponding  relation,  he  will  lie 
able  to  dislinguish  and  locate  a  trouble  at  once. 

Consider  a  iiiulti-tyiinder  engine  that  refuses  to  •^tarl, 
due  to  some  fault  of  the  ignition.  First  locate  the  seat 
of  the  trouble  by  turning  the  engine  over  to  the  .several 
firing  points  with  the  switch  in  position  (battery).  If 
the  motor  is  fitted  with  .single-coil  units  each  of  which  has 
a  vibrator — it  should  be  observed  if  each  of  these  buzz; 
if  so.  the  trouble  is  not  in  the  primary  circuit,  rompris- 
inir  the  batteries,  contact   jioints  of   vibrator,   tinier  and 


ijattery  connections  or  other  primary  wiring.  From  this 
the  trouble  is  immediately  traced  to  the  secondary  of  the 
coil,  high-tension  wiring  or  spark  plugs. 

In  order  to  see  if  a  high-tension  current  is  reaching 
the  >-iiark  plugs,  the  motor  should  first  be  turned  over  to 
the  ^iing  point  of  Xo.  1  cylinder.  Then  throw  out  the 
switch  and  disconnect  the  secondary  wire  from  the  spark 
plug;  again  throw  in  the  switch  and,  with-  the  coil  vi- 
brating, lold  the  .secondary  wire  terminal  about  %  ^^■ 
'Tom  the  top  of  the  plug.  Observe  if  a  good  spark  ap- 
pears uetweeu  the  terminal  and  the  plug.  If  one  appears 
the  trouble  is  in  the  plug,  but  if  no  spark  appears  the 
trouble  is  in  the  secondary  windings  of  the  coil,  loose 
connection  of  the  high-tension  wires  or  the  wrong  unit 
is  ij.^  circuit,  that  is,  the  motor  may  be  on  the  firing  point 
of  another  cylinder. 

As  tc  ibe  spark  gap  mentioned,  this  may  seem  large, 
but  it  should  be  remembered  that  a  spark  which  is  effi- 
cient uudt;  che  high  pressures  of  the  combustion  cham- 
ber should  easily  jump  a  wider  gap  under  atmospheric 
pressure.  The  spark-plug  points  should  be  clean  and  be 
set  about  the  thickness  of  a  dime  apart. 

Going  baci"  a  step,  suppose  that  when  the  engine  is 
turned  over,  the  »nibrator  fails  to  buzz.  This  would  indi- 
cate trouble  in  rhe  'ary  circuit,  which  might  be  due 
to  weak  or  depleted  bp.,e''ies,  timer  points  stuck,  discon- 
nected or  broken  wires,  broken  connections  inside  the  coil, 
or  to  the  vibrator  cont.:-? "  points  being  stuck.  On  the 
other  hand,  if  some,  uut  .ic*^  all,  of  the  cylinders  operate,  it 
would  indicate  that  the  trouble  was  in  the  controlling 
features  of  the  high-tension  circuit.  One  or  more  of  the 
following  may  be  at  fault:  Tremblers  on  the  coil  stuck 
or  out  of  adjustment ;  timer  points  not  closing  that  cir- 
cuit, or  internal  defects  in  the  coil. 

When  adjusting  coils  always  exert  the  least  tension  pos- 
sible on  the  vibrators  that  is  consistent  with  good  results. 
Severe  vibrator  adjustments  do  not  increase  the  efficiency 
of  the  motor  but.  on  the  other  hand,  cause  additional  de- 
mands upon  the  battery. 


CORRESPONDENCE 


Removing  Piston  Rings 

In  the  Apr.  8  issue,  A.  L.  Breniuiii,  -Ir..  says.  "It  is  ad- 
visable to  remove  the  lowest  ring  first,  for,  otherwise,  diffi- 
culty may  be  experienced  while  removing  these  rings  last, 
as  they  would  have  a  tendency  to  droji  into  the  grooves 
of  the  other  rings  should  tlu>  guide  strips  .slip." 

While  this  may  be  true  with  rings  that  are  very  limber, 
yet  when  the  rings  are  stiff  enough  to  offer  much  resist- 
ance to  hein"'  pressed  down  in  the  groove,  it  is  easier  to 
take  a  ring  over  the  empty  grooves  than  over  the  other 
rings.  When  there  are  no  strips  of  metal  handy,  a  ring 
c'an  be  taken  over  grooves  by  keeping  one  side  ahead  of 
the  other  so  the  ring  and  groove  are  not  parallel. 

As  to  using  emery  cloth  to  remove  carbon  from  rings 
and  grooves;  why  is  not  a  .«craper  to  be  jircferred?  A 
scraper  can  be  made  in  a  few  minutes  from  an  old  fili? 
which  will  remove  the  carbon  faster  and  as  clean  as  any- 
thing. 

F!  \wi.i:v  L.  Scott. 

Bangs.  Ohio. 
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Running  a  Refrigerating  Plant 

By  William  L.  Keil 

If  the  refrigerating  plant  has  been  shut  down  for  the 
winter  months  and  is  to  be  started  up,  quite  some  at- 
tention must  be  given  to  the  various  machinery  and  ap- 
paratus before  a  wheel  is  turned.  After  everj-thing  in  the 
boiler  room  has  been  found  in  good  condition  the  re- 
frigerating machine  itself  should  be  inspected  very  care- 
fully, especially  the  compressors.  Other  important  parts 
of  the  plant  that  must  be  looked  alter  are  the  water  sup- 
ply for  the  condensers,  the  condenser  water  pump  sad 
the  storage  tank. 

When  everj-thing  around  the  condensers  is  found  i<_ady 
for  service,  follow  up  the  liquid  line  to  the  liquid  tank 
and  see  how  much  ammonia  the  tank  contains.  If  there 
is  not  enough  to  supplv  Uie  systc-ni,  additional  ammonia 
muf*  be  pumped  in  after  the  machine  has  been  started. 
V\Tien  ready  to  start  the  machine,  after  its  steam  cj'lin- 
der  has  been  thoroughly  heated,  first  start  the  water 
flowing  over  the  condenser  and  through  the  jacket  of  the 
compressor  if  it  has  any,  then  having  made  sure  that 
the  discharge  valves  on  the  compressor  and,  as  a  matter 
of  fact,  all  the  valves  in  the  ammonia-discharge  line  into 
the  ammonia  condenser  are  open,  the  mach.ine  may  be 
started  with  the  bypass  open.  After  the  machine  has 
been  running  slowly  for  about  one-half  minute,  and  every- 
thing appears  to  be  in  good  condition,  shut  the  bypass 
valves  and  open  the  suction  valves  on  the  compressor 
very  slowly  and  continue  to  run  the  machine  at  a  mod- 
erate speed  until  the  back-pressure  gage  indicates  the 
pressure  one  likes  to  keep  on  the  low-pressure  side. 

It  is  necessary  to  be  very  careful  when  opening  the 
suction  valve  after  the  machine  has  been  shut  down  for 
some  time,  even  if  only  for  over  night,  as  liquid  is  likely 
to  form  in  the  suction  pipe  above  it  and  if  allowed  to 
enter  the  compressor  in  large  quantity  may  break  it.  Xest 
open  the  main  liquid  valve  slowly,  then  speed  up  the  ma- 
chine. Xow  watch  the  head  pressure  gage,  which  will 
soon  indicate  if  the  right  amount  of  water  is  turned  on. 
The  head  pressure  should  be  kept  between  130  and  180 
lb.  when  the  condenser  water  does  not  exceed  75  deg.  F. 
If  a  well-water  or  a  water-tower  pump  is  used  to  sup- 
ply the  condenser  with  water,  it  should  be  started  before 
the  compressor.  If  the  compressor  has  an  oil  system,  the 
oil  should  be  turned  on  next.  The  gages  should  be 
watched  closely  for  quite  some  time. 

It  is  mo.^t  likely  that  some  frost  will  come  back  at  first 
which  is  harmless  as  long  as  it  does  not  enter  the  com- 
pressor cylinder.  If  the  plant  has  a  brine  system,  all 
that  is  to  be  watched  is  the  ammonia  return  from  that 
tank.  The  direct  sv'stem  for  a  refrigerating  plant  re- 
quires somewhat  more  attention  and  a  trip  through  the 
rooms  being  refrigerated  should  be  made  after  an  hour 
or  two  running  of  the  machine  and  the  temperature  in 
each  room  noted.  If  the  room  is  still  too  warm  and  the 
condition  of  the  frost  on  the  suction  piyje  permits,  a  lit- 
tle more  ammonia  should  be  turned  on,  if  too  cold,  a  lit- 


tle should  lie  turned  off,  but  in  each  case  only  a  little  at 
a  time;  otherwise  the  system  will  get  out  of  gear.  Look 
after  all  regulating  valves;  note  where  the  return  from 
each  valve  enters  the  main  return.  This  knowledge  is  of 
great  importance  and  may  save  many  trips  through  the 
rooms.  When  freezing  back  too  much,  one  can  tell  at  a 
glance  from  which  section  the  frost  comes,  by  knowing 
the  respective  section  return,  which  will  be  covered  with 
so  called  live  frost.  Often,  however,  when  the  frost  comes 
from  one  room  very  strongly,  it  may  back  up  into  all  the 
other  returns  and  then  it  is  hard  to  tell  by  looking  at 
them  which  is  the  one  that  is  doing  the  damage,  or  if 
there  are  several  returns  giving  trouble,  which  one  freezes 
back  the  most. 

By  wetting  the  finger  tips  and  touching  each  return, 
the  one  that  sticks  to  the  fingers  most  readily,  is  the 
one  that  should  be  turned  oil  some.  It  is  good  practice 
to  have  marks  of  some  kind  on  each  expansion  valve  so 
placed  that  one  can  tell  exactly  how  much  was  turned 
on  or  off. 

If  one  wishes  to  obtain  the  best  results  in  a  refrigerat- 
ing plant  the  machinery  should  lie  run  regularly  and 
cvenlv;  otherwise  things  will  go  wrong.  When  excessive 
quantities  of  liquid  come  back  to  the  compressor,  the 
compressor  piston-rod  stuffing-box  will  start  to  leak.  It 
is  bad  practice  to  tighten  up  on  the  stuffing-box  glands 
as  the  rod  contracts  when  cold  but  when  the  frost  dis- 
appears the  rod  becomes  hot  and  expands  again  so  that 
the  leak  will  disappear;  otherwise  the  packing  will  burn 
when  the  rod  expands.  When  the  frost  comes  back  to 
the  machine  on  account  of  low  steam  pressure  which 
causes  the  machine  to  slow  down,  the  best  thing  to  do  is 
to  shut  the  main  liquid  valve  for  a  while  or  stop  the  ma- 
chine, after  having  pumped  the  low-pressure  side  down 
to  zero  pressure,  until  the  steam  pressure  rises  again. 

If  a  refrigerating  machine  is  to  be  stopped  for  a  little 
while  only,  and  the  valves  in  the  compressors  are  in  good 
order,  the  discharge  stop  valves  may  be  left  open  biit 
never  the  suction  .stop  valves.  This  should  be  an  engine- 
room  rule. 


Regulations  for  Refrigerating  Plants 
on  Board  Ship 

A  set  of  instructions  for  German  steamship  companies 
v.as  recently  published  in  the  Cold  Storage  and  Ice  Trade 
Journal,  credit  for  the  original  being  given  to  Eis  und 
Kaelte  Indusfrie,  of  Vienna.  These  instructions  may  be 
of  interest  to  the  stationary  engineer  and  in  part  are  pub- 
lished herewith. 

The  steam  cylinder  of  the  refrigerating  machine  will 
be  operated  with  steam  coming  from  a  reducing  valve  at 
a  pressure  of  100  lb.  per  sq.in.  gage,  but  the  cylinder  must 
be  able  to  withstand  the  full  boiler  pressure.  (This  means 
about  double  the  pressure  stated.) 

The   steel   valves,  together  with   their  seats,   must  be 
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removable  from  the  CO,  compressor  cylinder,  and  the 
latter  made  of  steel  also. 

The  condenser  coils  are  to  be  of  heavy  continuous  cop- 
per pipe.  (As  ammonia  would  at  ouee  attack  copper 
pipes,  immonia  machines  are  evidently  not  desired.) 

The  n-aporator  (usually  a  sujbmerged  coil  cooling 
bri]'""*  is  to  be  of  full  weight  iron  pi]ie,  continuous 
welded. 

Where  there  is  more  than  one  machine,  the  pipe  con- 
nections must  allow  of  putting  in  service  any  one  ma- 
chine or  all  of  them.  The  brine-circulating  pumps  also 
must   be  cross-connected. 

The  steam-driven  brine  and  cooling-water  i)umps 
should  be  of  ample  capacity,  with  pistons  and  valve  cas- 
ings made  of  bronze. 

In  large  installations  there  should  be  three  brine  lines, 
and  in  small  installations  two,  but  with  an  extra  return 
line  from  cargo  rooms  that  are  inaccessible  during  the 
voyage. 

The  brine  mains,  which  should  be  run  as  straight  as 
possible,  are  to  be  insulated  with  two  layers  of  cork  pipe 
covering,  each  layer  2  in.  thick  and  encased  in  a  conduit 
packed  with  hairfelt. 

Provision  must  be  made  for  regulating  and  shutting 
off  each  cooling  room  independent  of  any  other  room. 

Each  cooling  room,  but  not  the  ice  tank,  is  to  have 
its  own  return  brine  Hue,  with  a  valve  at  the  brine  cooler. 

All  brine-cooling  pipes  must  withstand  a  test  pres- 
sure of  85  lb.  per  sq.in. 

Each  cold-storage  room  is  to  have  its  own  air  cooler, 
the  side  wall  of  the  inclosing  housing  to  be  removable. 

In  the  case  of  direct-expansion  piping,  the  coils  should 
be  connected  in  series,  so  that  the  refrigerating  medium 
will  circulate  through  the  coldest  rooms  first.  Through 
connections  must  be  provided  to  enable  any  one  room  to 
be  bypassed. 

Ordinary  refrigerators  and  water  coolers  should  never 
be  piped  for  direct  expansion.      (Use  brine.) 

Elements  of  Mechanical  Refrigeration 

On  the  evening  of  Apr.  19,  A.  G.  Koenig  read  an  in- 
teresting paper  on  the  "Theory  and  Application  of  Me- 
chanical Refrigeration,"  before  the  Institute  of  Operating 
Engineers,  New  York  City.  The  paper  was  elementary 
in  character,  and  was  illustrated  by  a  good  selection  of 
laiilern  slides.  Due  to  lack  of  space,  ojdy  extracts  from 
the  ])aper  will  be  published. 

If  air  is  compressed  in  a  cylinder  with  a  movai)le  pis- 
ton, its  temperature  rises.  If  this  com])ressed  air  is 
cooled,  by  passing  it  through  a  surface  condenser,  to  the 
temperature  of  the  cooling  water,  and  then  expanded  Id 
a  second  cylinder  against  the  resistance  of  a  movabh'  pis- 
ton, which  allows  the  compressed  air  to  do  work,  until 
its  pressure  is  down  to  the  original  pressure,  the  temi)era- 
ture  of  the  air  will  fall  below  its  temperature  before  com- 
pression. This  cold  air  is  now  in  condition  to  cool  any- 
thing with  which  it  is  brought  in  contact;  in  other  words, 
"'  '.'-.ny  be  used  to  absorb  heal. 

'■'■  a  pound  of  air  at  atmos|)heric  ))rcssure  and  (><•  deg. 
I  .  ;.  compressed  to  75  11).,  its  temperature  will  rise  to 
about  420  deg.  F.  If  this  compressed  air  is  cooled  down 
to  f)5  deg.  F.,  and  then  allowed  to  do  work  in  expanding 
to  atmospheric  pressure,  the  drop  in  temjiernture  will  be 
65—  (—122)  =  2H7  (Jpff.  F. 


and  since  the  specific  heat  of  air  is  0.31:,  the  heat  with- 
drawn will  be 

287  X  0.24  =  68.9  B.t.u. 
This  heat  the  refrigerated  air  will  re-absorb  when  heated 
to  65  deg.  F. 

If  instead  of  air  1  lb.  of  ammonia  vapor  at  20  lb. 
pressure  and  5  deg.  P.  had  been  compressed  to  120  lb, 
pressure,  its  temperature  would  rise  to  about  200  deg.  F. 
This  compressed  vapor  can  then  be  cooled  to  65  deg.  P., 
but  as  it  will  also  liquify  at  this  temperature  and  pres- 
sure its  latent  heat  as  well  as  its  sensible  heat  will  be  re- 
moved. The  heat  rejected  by  the  ammonia  vapor  in  liqui- 
fying is  equal  to  the  difference  in  temperature  multiplied 
by  the  specific  heat  of  the  ammonia,  0.532,  plus  the  latent 
heat  at  the  condenser  pressure,  515  B.t.u.  The  heat  would 
then  be 

(220  —  65)  X  0.532  +  515  =  586.8  B.t.u. 
Due  to  mechanical  difficulties,  a  second  cylinder  for  ex- 
pansion is  never  used,  but  the  liquid  is  injected  into  the 
refrigerator  through  a  pressure-reducing  valve.  In  pass- 
ing through  this  valve  the  liquid  is  cooled  down  to  the 
evaporation  temperature  in  the  refrigerator  at  the  ex- 
pense of  some  of  its  latent  heat,  so  that  the  available  re- 
frigerating effect  per  pound  of  liquid  circulated  is  red\iced 
to  about  480  B.t.u. 

It  is  thus  apparent  that  air  is  not  a  good  refrigerant, 
and  in  producing  cold  we  depend  mostly  on  substances 
changing  their  state  of  matter  from  a  solid  to  a  liquid, 
or  from  a  liquid  to  a  vapor.  The  so  called  freezing  mix- 
tures are  good  illustrations  of  the  change  from  a  solid 
to  a  liquid. 

If  a  solid  substance  is  dissohccl  in  a  liquid,  or  if  two 
solid  substances,  as  salt  and  ice,  for  example,  are  mixed  to 
form  a  liquid,  a  certain  amount  of  heat  is  required  to 
bring  about  the  change  from  solid  to  liquid.  If  the  ves- 
sel in  which  the  substances  are  mixed  is  well  insulated, 
so  that  no  heat  is  supplied  from  any  outside  source,  the 
necessary  heat  must  be  drawn  from  the  mixture  itself, 
and  its  own  temperature  lowered  in  consequence.  By 
mixing  two  parts  of  ice  with  one  part  of  common  salt,  as 
in  the  old-fashioned  ice-cream  freezer,  a  temperature  of 
5  deg.  P.  can  be  obtained.  If  three  parts  of  ice  are  mixed 
with  four  parts  of  potash,  a  temperature  as  low  as  — 51 
deg.  F.  is  obtained.  Even  without  the  u.se  of  ice,  low  tem- 
peratures may  be  produced  by  mixing  certain  chemicals. 
Til  is  is  a  rather  expensive  way  of  producing  "cold,"  and 
for  the  same  reason,  freezing  mixtures  are  not  used;  so 
that,  for  commercial  operation  we  are  limited  largely  to 
a   liquid  changing  to  a  vapor  or  gas. 

Evidently  for  best  results  in  refrigeration,  it  is  de- 
sirous to  hasten  the  process  as  much  as  i)ossible,  and, 
therefore,  a  li(iuid  having  a  low  boiling  point,  combined 
with  a  high  latent  heat  of  evapr  ration  is  selected.  Several 
liquids  have  this  combination,  and  (lio.<e  most  commonly 
used  arc  aiiiiiKniia,  cnrbnn  dioxide  and  sulphur  dioxiile. 
The  boiling  ami  eimdeiising  jioints  and  the  latent  bent 
of  the  above  subslances  are  as  follows: 

HiiiliiiK  and  ron- 

<lc>nsing  point  at  Lntcnt  hpnt,  B.t.u.      Cu. ft.  of  vapor 

atmo8.  press.  per  It).  por  \h., 

deg.  F.  tttnios.  prcfw.  atmos.  press. 

Ammonia — 27  .')fiS  IS 

Carbon  Dioxide —112  177  O  .S7K 

Sulphur  Dioxide + 1 1  Ids  .-,  2."> 

At  the  jiroper  working  ]>ressur(>s  the  boiling  and  con- 
densing points  and  the  latent  heats  are  fi>y  tin'  above  sub- 
stances : 
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Boiling  and  Latent  heat,  Cu.ft.  of 

condensing  points.    Gage  press.  B.t.u.  av.  vapor 

deg.  F.  lb.  per  lb.            per  lb.    ; 

immoma                                               0  15  570                    9.2 

cXnDioride 40  278  127                   0.2? 

Sulphur  Dioxide U  0  168                  5 .  2o 

Amnionia         90  166  488                   1.63 

Carbon  Dioxide 86  1065  19.28            0  147 

Sulphur  Dioxide 86  51. o  151. o               I..;? 

If  these  volatile  liquids  were  cheap  enough,  all  the  ap- 
paratus required  for  the  purpose  of  refrigerating  would 
be  a  tank  or  drum  in  which  to  receive  the  liquid,  con- 
nected with  a  regulating  valve  to  a  sufficiently  large  pipe 
coil,  in  which  the  liquid  is  allowed  to  boil  and  evaporate, 
absorbing  heat  from  the  surrounding  air  or  brine,  as  the 
case  ma)'  be;  but  since  animouia,  or  any  of  the  other  re- 
frigerants are  too  expensive  for  such  a  process,  it  is  ueces- 
sarv  to  recover  them  and  put  them  back  into  liquid  form, 
so  that  they  may  be  used  over  and  over  again.  For  the 
recovery  of  these  liquids,  there  are,  in  the  case  of  am- 
monia, two  different  methods,  mechanical  compression  by 
a  compressor,  and  compression  by  the  use  of  heat  in  an 
absorption  system.  The  author  outlined  the  working  of 
these  two  systems,  but  as  the  methods  of  operation  of 
both  have  been  recently  explained  in  these  columns,  theie 
will  be  no  need  for  a  repetition. 

UXIT  OF  REFBIGERiTION 

The  unit  adopted  to  measure  refrigeration  is  the  heat 
required  to  melt  1  lb.  of  ice,  which  is  144  B.t.u.  The 
unit  for  a  ton  (2000  lb.)  of  ice-melting  capacity  is,  there- 
fore, 

2000  X  1^4  =  288,000  B.t.v. 
The  commercial  tonnage  capacity  is  the  refrigerating 
effect  expressed  in  tons  of  ice-melting  capacity  produced 
by  a  machines  in  24  hr.,  when  running  continuously  un- 
der a  standard  set  of  conditions.  These  conditions  are 
for  an  ammonia-refrigerating  system  15  lb.  evaporator  or 
suction  pressure,  equal  to  a  temperature  of  0  deg.  F.,  and 
170  lb.  condenser  pressure,  equal  to  a  temperature  of  91 
deg.  F.  The  above  unit  of  refrigeration  reduces  to  200 
B.t.u.  per  min.  A  few  examples  were  given  by  the  author 
to  illustrate  the  practical  use  of  the  unit  of  refrigeration, 
and  these  may  be  of  general  interest. 

Estimating  Refeigebation  ix  Brewery 
How  many  tons  of  refrigeration  are  required  to  cool  to 
40  deg.  r.  300  bbl.  of  wort  having  a  specific  heat  of  0.95 
and  a  temperature  of  85  deg.  F.  ?  The  cooling  to  be  done 
in  three  hours. 

Taking  the  weight  of  1  bbl.  of  wort  at  265  lb.  gives 
300  X  265  =  79,500  lb. 
of  wort  to  cool.     The  difference  in  temperature  is  85  — ■ 
40  =  45  deg.  and  the  specific  heat  0.95.    Then 

79,500  X  0.95  X  -^^  =  3,398,625  B.t.u. 

which  must  be  withdrawn  from  the  wort.*    This  requires 

3,398,625  _,-,£. 

288,000    ~ 

tons  of  refrigeration  in  24  hr.     But  the  cooling  is  to  be 

done  in  three  hours,  therefore, 

11.8  X  ^^  =  94.4  tons 

of  refrigeration,  which  would  be  the  size  of  the  machine. 

Packing-House  Example 

What  size  machine  is  required  for   a  packing  house 

killing  500  heads  of  beef  per  day,  average  weight  of  beef 

being  800  lb.,  and  storage  room  required? 

•The  weight  of  a  barrel  of  wort  has  been  assumed 
as  265  lb.  in  this  example.  For  greater  accuracy,  the  specific 
"weig-ht  of  the  wort  should  be  taken  into  consideration. 


Assu.'uing  10  sq.ft.  per  head  and  a  height  of  20  ft.,  the 

size  of  chill  room  required  would  be  50  X  100  X  20  ft. 

high.     The  exposed  wall  surface  would  be 

100   X   20   X   2  =  4000 

50  X   20  X   2  =  2000 

100  X   •'>0  =   5000 


Total  11,000  sq.ft. 

Assuming  that  4  B.t.u.  pass  through  every  square  foot 
per  24  hr.  for  every  degree  difference  in  temperature  be- 
tween 35  deg.  inside  and  90  deg.  outside,  the  gain  in 
heat  would  be 

(90—  35)  X  4  =  22(  B.t.u. 

220  X  11,000  =  2,420,000  B.t.c.  per  24  hr. 

500  X  800  X  0.8  X  65  =  20,800,0^  0  B.t.u.  per  24  lir. 

20,800,000   -I-  2,420,000  =  23,220,000 

23,320,000       -,^  .  ,  ... 

288,000     -^^-^^  ions  per  :U    ^. 

Keeping  the  beef  in  a  cold-storage  roc  30x100x20 
ft.  high  equals  8200  sq.ft.,  the  gain  in  hea       ould  be 

8200  X  4  X  55  =  1,804,000  B    i 
Allowing  a  loss  "f  20  per  cent,  for  opening       ^  doors, 
makes  a  total  of  2,164,800  B.t.u.     Then 
2,164,800       ,    _  , 

-2887w(r  =  '-  '""' 

Cooling  of  fat,  three  tanks  of  water  and  extra  rce  'eiS 
for  small  stock  requires  an  additional  17-.>  tons  wr'ch 
makes  a  total  of 

80.6  +  7.5  +  1 7.5  =  105.6  tor^g 
of  refrigeration. 

Cooling  Water  per  Ton  of  Eefrigekation 

From  the  definition  of  a  unit  of  reirige.-tcion,  the  re- 
frigerating system  must  ah.«orb  288,000  B.-^.o..  per  24  hr  , 
or  200  B.t.u.  per  min.  This  amount  of  neat,  plus  th^ 
heat  of  compression  amounting  to  about  10  jJer  cent.,  ii' 
delivered  to  the  condenser  and  must  be  carried  off  by  the 
cooling  water. 

If  the  temperature  of  the  cooling  water  d?iivered  to  th^ 
condenser  is  75  deg.  F.  and  of  the  wat^r  leaving  85  deg,. 
F.,  each  pound  of  water  flowing  over  the  condenser  wi 
have  absorbed  10  B.t.u.,  and  since  a  gallon  of  water  weigl  s 
approximately  8.3  lb.,  each  gallon  of  water  will  carry  ot 
10  X  8.3  =  83  B.t.u. 

For  each  ton  of  refrigeration  200  4"  20  B.t.u.  are  tc 
be  removed  per  minute,  so  that 

220       ,  ^       , 

of  cooling  water  per  min.  per  ton  of  refrigeration  will  be 

required. 

A  more  accurate  method  for  calculating  the  amount  of 

cooling  water  is  as  follows:     Assume,  for  example,  that 

the  condensing  temperature  of  the  ammonia  is  90  deg.  F. 

its  latent  heat  at  that  temperature  489  B.t.u.  and  that 

the  gas  gops  to  the  condenser  at  240  deg.  F.     The  gas 

would  be  superheated  150  deg.     Then 

loO  X  0.532  =  79.8  5./.M. 

489  -j--  79.8  =  568.8  B.t.u. 

per  lb.  of  ammonia.    But  0.4  lb.  of  ammonia  are  required 

per  minute  per  ton'  of  refrigeration,  therefore, 

0.4  X  568.8  =  227.52  B.t.u. 

must  be  absorbed,  and 

227.52       „„,       , 
-^g— =  2.74^«7. 

per  minute  per  ton  of  refrigeration  would  be  required. 
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Consulting  and  Operating  Engineers 

Managing  a  business  is  mucli  litce  playing  a  game 
wherein  the  value  of  each  card  must  be  carefully  weighed. 
Each  man  in  the  business  has  a  certain  value  and  must 
be  placed  in  such  a  position  and  given  such  influence  as 
is  compatible  with  his  training  and  capacity.  The  duty 
of  a  manager  is  to  pick  his  men  so  that  he  can  appor- 
tion to  each  a  sphere  of  action  commensurate  with  his 
ability  and  to  obtain  a  system  that  will  work  as  a  har- 
monious whole.  To  attain  this  end  the  spheres  of  action 
of  all  the  men  must  touch  and  to  some  extent  overlap. 

In  all  industrial  plants  where  machinery  is  used  to 
turn  out  the  product,  managers  have  often  been  hard 
])rcssed  to  bridge  over  the  gulf  between  the  commercial 
department  and  the  force  that  has  charge  of  the  machin- 
ery equipment. 

Managers  often  find  themselves  at  a  disadvantage,  when 
it  comes  to  supervising  the  power  plant,  for  want  of  the 
necessary  training.  Therefore,  the  sphere  of  action  of 
the  business  man  neither  touches  nor  overlaps  that  of  the 
oi)crating  man.  The  province  of  the  technically  trained 
engineer  is  to  bridge  over  this  gap. 

The  technically  trained  engineer  studies  the  laws  of 
UMture  underlying  the  principles  of  operation  of  all  kinds 
I'i'  machinery,  and  takes  advantage  of  all  opportunities 
to  observe  and  take  a  hand  in  their  actual  running.  He 
does  this  to  learn  the  difficulties  encountered  and  to  be 
able  to  apply  to  a  useful  purpose  the  special  knowledge 
that  he  has  been  fortunate  enough  to  acquire.  It  is  not 
his  desire  to  take  the  place  of  the  engineer  or  encroach 
upon  his  work,  for  their  spheres  of  work  are  entirely  dif- 
ferent, and  if  either  goes  beyond  his  limits  he  is  at  once 
beset  with  all  kinds  of  an.xieties  and  troubles. 

It  is  for  these  and  other  good  reasons  that  the  super- 
vision of  operation  of  all  large  power  hou.ses  and  in- 
du.strial  plants  by  technically  trained  engineers  has  be- 
come desirable.  Wherever  a  plant  or  group  of  plants  is 
large  enough  to  warrant  the  expense,  trained  engineers 
are  em])loyed.  Where  the  size  of  the  plant  does  not  war- 
rant the  pxpen.se  it  is  advisable  to  retain  the  services  of  a 
consulting  engineer  who  has  made  that  particular  brand 
of  engineering  or  manufacture  his  life  work.  In  this 
way  his  expense  can  be  divided  bclwcfu  a  number  of 
manufacturers. 

The  ice  making  and  refrigerating  industry,  although  it 
has  ample  use  for  them,  has  not  employed  technical  men 
1(1  any  great  extent.  The  reasons  are  that  there  are  but 
few  technically  trained  men  available,  that  most  of  the 
owners  and  managers  of  such  plants  do  not  appreciate 
till'  value  of  such  services  and  that  the  oj)eratiiig  men 
oflrn  (111  not  seem  to  be  aware  of  the  benefits  to  be  de- 
rived from  a  free  cooperation  with  consulting  refrigerat- 
ing engineers.  Competition  ha.s  made  economy  of  plant 
0])eration  a  prime  factor,  and  lack  of  technical  help  or 
advice  is  directly  responsible  for  many  failures  of  owners 
to  realize  the  profits  which  otherwise  would  be  theirs. 


Operating  engineers  sometimes  labor  under  the  false 
impression  that  they  are  injuring  their  prestige  if  they 
do  not  pretend  to  know  as  much  as  anyone  else  on  all 
phases  of  their  work.  When  such  an  engineer  gets  into 
trouble  he  looks  to  the  manufacturer  of  the  machinery 
he  runs  to  help  him  out.  but  it  is  hardly  fair  to  e.xpect  a 
firm  to  employ  a  sufficient  number  of  skilled  men  to  take 
care  of  and  watch  the  operation  of  every  plant  they  have 
equipped.  It  must  be  said  in  defense  of  the  engineer  that 
owners  and  managers  have  contributed  to  this  false  atti- 
tude becau.se  they  do  not  appreciate  the  difficulties  of  the 
situation  and  expect  an  unreasonable  amount  of  knowl- 
edge and  experience  from  their  engineers. 

The  work  of  the  consulting  engineer  then  is  entirely 
different  from  that  of  the  operating  engineer.  Each  one 
has  a  certain  allotted  work  to  perform  and  whenever  he 
transgresses  too  .seriously  on  work  outside  of  his  province 
there   is  trouble  ahead. 

Right    Men  in  the  Right  Place 

Success  comes  to  the  men  who  fight  on  where  others 
give  up  and  allow  matters  to  take  their  course.  Some 
engineers  do  not  know  the  meaning  of  defeat,  but  go  on 
overcoming  obstacles  instead  of  sitting  down  and  saying, 
"It  is  of  no  use.  it  cannot  be  done."  One  power  plant  in 
a  Western  state,  that  survived  the  ravages  of  wind  and 
water,  was  kept  in  operation  with  a  shutdown  of  only 
about  fourteen  hours,  because  tho.se  in  cliarge  made  a 
stand  and  fought. 

The  high  wind  which  preceded  the  flood  completely  de- 
molished a  brick,  high-tension  booster  station  and  tore 
down  the  high-tension  lines.  The  iiiterurbaii  trolley  .sc7-- 
vice  was  disabled  until  repairs  could  \)v  nuule  or  tem- 
porary arrangements  made.  The  latter  were  adopted  and 
electriial  energy  was  supplied  from  a  five  hundred  and 
fifty-volt  feeder,  twenty-six  miles  long.  Then  light-weight 
cars  were  run  to  keep  the  drop  in  voltage  as  low  as  pos- 
sible. It  seems  sim)ile  now.  but  how  ninny  managers 
would  have  adopted  this  method  df  keeping  the  tmlley 
line  in  operation !' 

This  ])roblein  \\as  liiirdly  solved  before  the  power  plant 
was  menaced  by  the  rising  river  water.  Although  the  eii- 
gine-rooni  floor  hail  been  built  four  I'eel  above  the  high- 
est water  level  reeonb'd.  before  the  flood  subsided  the 
Avater  level  had  ri.sen  three  feet  above  the  floor  of  the 
generator  floor.  Rut,  owing  to  the  ability  of  those  in 
charge  to  grasp  the  emergency  situation,  the  plant  was 
undamaged  when  the  Hood  subsided. 

Here  was  a  case  requiring  decision  and  promi)f  action 
if  the  ])ower-plant  machinery  was  not  to  be  damaged  by 
water.  How  was  it  to  be  done?  Could  the  water  from 
the  rapidly  rising  river  be  prevented  from  flooding  the 
basement,  auxiliary  machinery,  the  generator  floor  and 
main  units? 

The  general  manajjer  and  engineer  dcciiled  that  the 
basement  walls  had  to  be  protected   fioiii  I  he  pres.-iiire  nf 
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the  water  to  prevent  them  from  being  forced  in.  As  there 
was  but  little  time,  auout  one  hundred  men  were  put  to 
work  to  build  a  wall  of  sand  bags  around  the  building  to 
deflect  the  river  current,  and  by  hard  work  the  sand- 
bag dike  was  kept  at  a  greater  height  than  the  rapidly 
rising  water. 

As  another  precaution  a  temporary  brick  wall  was  built 
in  the  interior  of  the  turbine  room  at  either  end,  and  the 
doors  were  sealed  with  sand  bags.  This  was  to  prevent 
the  water  leaking  through  the  sand-bag  dike,  getting  into 
the  room. 

Then  the  water  in  the  basement  had  to  be  removed,  and 
there  were  no  spare  pumps.  Did  they  throw  up  their 
hands  and  say  "It  cannot  bo  done :"  Hardl}'.  They  dis- 
connected the  centrifugal-circulating  pumps  and  used 
them,  and  the  exciter  units  were  run  to  light  the  plant 
while  the  work  was  going  on.  AYben  there  was  time  to 
make  different  arrangements,  reciprocating  pumps  were 
procured,  and  connecting  the  circulating  pump  to  the 
condensers  the  plant  was  started  with  but  a  short  shut- 
down. 

Here  is  a  t\-pical  case  of  what  the  right  men  in  the 
right  place  can  do.  Had  the  men  in  charge  of  this  plant 
been  of  the  "give  it  up"  caliber  it  is  probable  that  ex- 
tensive repairs  would  have  been  necessary  to  put  the 
plant  in  operating  condition,  in  addition  to  the  incon- 
venience and  loss  the  necessary  shutdown  would  have 
occasioned. 


Troubles  of  the  Trouble  Man 

What  is  more  aggravating,  when  retained  by  a  plant  to 
make  improvements  and  reduce  costs  and  just  about  to 
accomplish  something  worth  while,  than  to  be  denied  that 
satisfaction  by  an  order  to  cease  work  until  the  manage- 
ment gets  ready  to  have  it  continued  ?  If  you  have  never 
had  this  experience  as  an  expert  engineer,  you  can  ap- 
preciate the  feeling  by  recollecting  your  boyhood  days, 
when  father  called  you  to  hoe  potatoes  just  as  you  were 
finishing  the  best  kite  you  ever  made. 

Putting  an  uneconomical  and  rapidly  deteriorating, 
though,  perhaps,  comparatively  new,  plant  into  economi- 
cal and  stable  condition  is  difficult  enough  without  being 
hampered  by  a  management  that  is  suspicious  when  it 
ought  to  be  grateful.  Under  the  most  favorable  condi- 
tions you  are  likely  to  offend  someone  who  is  "in  right." 
It  may  be  the  chief  engineer,  master  mechanic,  manager 
or  perhaps  a  consulting  engineer  friend  of  the  president. 
You  do  not  know  until  the  inevitable  "clash"  occurs,  and 
that  happens  when  you  condemn  a  steam  main  which  is 
a  veritable  water  leg,  and  which  may  have  been  designed 
by  anv  of  the  aforementioned  individuals.  It  may  be 
that  you  make  six  boilers  do  the  work  for  which  the 
master  mechanic  or  chief  engineer  used  twelve.  At  any 
rate  you  are  "no  good"  and  the  "in  right"  individual  im- 
mediately seeks  to  convince  the  management  that  you  are 
all  you  should  not  be.     Too  often  he  succeeds. 

As  an  example  of  pitiable  ignorance  or  contemptible 
obstinacy  we  recall  an  expert  engineer  who,  in  the  sched- 
ule which  he  left  with  the  company  as  a  guide  for  the 
most  economical  operation  of  its  plant,  specified  three 
pints  of  oil  per  day  of  twelve  hours  for  each  engine.  The 
plant  normally  operated  twelve  hours  per  day  and  the 
schedule  was  made  out  on  that  basis.    One  day  afterward 


a  long  letter  came  complaining  bitterly  because  the  .speci- 
fied three  pints  of  oil  was  not  enough  and  that  a  few  en- 
gines had  been  nearly  ruined. 

Investigation  revealed  that  the  plant  was  operating 
eighteen  hours  per  day.  As  the  expert  engineer  tells  it, 
the  chief  engineer  of  that  plant  did  not  consider  his  in- 
telligence insulted  when  a  new  schedule  arrived  which 
specified  the  oil  consumption  for  each  hour's  operation 
over  the  twelve-hour  dav. 


Co-operation    in  Power-Plant  Work. 

The  everyday  work  in  large  power  plants  is  usually 
performed  without  waste  of  time  or  effort  because  such 
work  must  be  done  in  an  orderly  manner.  Each  knows 
what  his  daj-'s  work  includes,  hence  the  men  need  no 
special  instructions  so  long  as  their  work  does  not  de- 
part from  the  regular  routine.  But  in  emergencies  or 
when  extensive  or  unusual  repairs  are  to  be  made,  con- 
fusion and  loss  of  time  often  follow  an  order  for  such 
work,  because  the  one  who  issues  the  order  does  not  suffi- 
ciently cooperate  with  those  that  are  to  do  the  work. 

For  instance,  consider  changes  in  the  steam  main  of 
a  large  plant  that  requires  a  change  over  from  one  steam 
header  to  the  other.  One  "fitter"  and  a  helper  are  some- 
times put  on  this  job,  which  is  long  and  hard,  while,  per- 
haps, at  the  same  time,  other  fitters  and  helpers  are  sent 
to  make  insignificant  repairs  that  one  man  could  com- 
plete in  a  few  hours.  Should  something  happen — and 
something  usually  does — to  delay  the  men  working  on  the 
steam  main  it  would  undoubtedly  mean  overtime  work 
for  them  and  perhaps  hinder  the  plant's  operation. 

There  should  be  a  general  "getting  together"  prior  to 
doing  such  work.  Let  the  man  who  is  to  direct  the  work 
give  full  particulars  to  the  one  who  is  actually  to  do  the 
work.  Thfc  latter  should  then  see  to  it  that  he  has  tb(i 
required  number  of  assistants  and  that  each  of  them  has 
his  particular  part  of  the  work  laid  out  for  him. 

When  a  repair  Job  is  to  be  done  or  new  work  com- 
menced, the  man  in  charge  should  outline  to  his  helpers 
the  manner  of  procedure  so  that  they  may  have  a  good 
idea  of  what  next  is  to  come,  as  the  Job  progresses. 


Unpreparedness 


Some  large  manufacturing  establishments  along  the 
Atlantic  coast  and  up  the  tidewater  waterways  were 
caught  napping  recently,  when  the  outgoing  tide  dropped 
the  water  level  to  the  lowest  point  in  thirty  years.  The 
tide  went  out  so  far  that  the  ends  of  the  condenser  cir- 
culating-water pipes  were  uncovered,  depriving  the  en- 
gines of  condenser  service,  which  is  necessary  to  enable 
them  to  carry  their  loads. 

The  situation  was  indeed  serious  in  some  plants  because 
the  tide  remained  out  for  a  considerable  time.  Those 
plants  not  prepared  for  such  emergencies  paid  dear  for 
their  unpreparedness. 

The  same  is  true  of  plants  where  units  of  one  kind  or 
another  are  crippled,  not  necessarily  ser'ously,  but  enough 
to  make  problematical  their  continuity  of  service.  The 
required  repairs  are  not  made  until  these  several  minor 
weaknesses  produce  a  "general  debility-"  as  it  were,  of  the 
entire  plant.  That  is  another  kind  of  unforgivable  un- 
preparedness. 
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Adjustable  Support    for  Generator 
Foundation 

The  sketch  shows  a  steel  post  that  was  used  to 
strengthen  the  cement  floor  on  which  a  new  generator  set 
was  to  be  installed.  Five  of  these  were  made  and  set 
under  the  I-beams  that  supported  the  cement  floor. 

The  posts  were  of  6-in.  iron  pipe  cut  to  length  and 
threaded  oji  one  end.  Plates  A  and  B  were  of  cast  iron,  If 
being  threaded  for  the  pipe  or  post,  while  the  plate  A 


threads  from  the  toi'  i)laie.  thus  making  the  post  tight 
against  the  floor  and   I -beam. 

.).  B.  Linker. 
Charlotte,  N.  C. 

Condenser    Repairs 

One  of  the  valve  stems  on  the  lower  deck  of  a  bucket 
condenser  worked  loose  and  dropped  through  the  opening 
in  the  valve  seat.  As  it  was  impcssible  to  get  the  stud 
without  removing  the  valve  seat,  which  there  was  not 
time  to  do,  a  new  stem  was  the  best  solution  of  the 
trouble. 

A  common  bolt  was  taken  of  suitable  size  and  length, 
and  a  piece  of  pipe  i-ut  to  tit  over  tlie  bolt  and  long  e'lough 
Bolt- 


Pipe  of  suitable 
size  and  length 


Fig.  1.   Sti'i)  .\s  Rid'ArnEi) 

to  allow  the  valve  to  raise  as  high  as  it  had  originally. 
The  pipe  served  as  the  shoulder  on  the  original  valve 
stem,  so  that  the  valve  guard  could  be  screwed  down 
against  it.  The  illustration.  Fig.  1,  shows  the  stud  as 
it  was  repaired.  A  large  washer  on  the  valve  guard 
against  which  the  pipe  bushing  and  nut  came,  permitted 
securing  the  bolt  in  a  firm  ]iosition. 

In  Fig.  'I  is  shown  liow  a  hand  inuiip  was  connected  to 


Details  of  Ad.tustabli:  Sirroirr  ion  Oenmchatou 
ForxiiATiox 

was  cast  with  a  groove  C,  which  was  of  the  thickness  and 

diameter  of  the  pipe.     Before  placing  the  post  under  the 

I-beam,  plate  B  was  screwed  on  the  threaded  end  of  the 

pipe  as  far  as  it  could  be  turned  by  hand  ;  the  i)ost  was 

then  set  in  the  groove  in  plate  A  and  holes  were  drilled 

and  tapy)ed   in  the  I-beam.     Also  holes  were  drilled  in 

plate  7?  at  TiT)  to  correspond  with  the  holes  in  the  T- 

heam.     The  post  was  then  set  so  that  the  holes  in  the 

beam  and  those  in  plate  B  came  in  line;  bolts  were  then 

inserted,  raising  the  post  up  and  leaving  a  clearance  of  '/i 

in.  between  the  bottom  of  the  groove  in  plate  A  and  the 

end  of  the  pipe.     To  bring  the  pipe  and  plate  together  a      iron-pipe   connection    from    the    lubricator   at    the   main 

pair  of  chain  tongs  were  used  to  unscrew  the  pipo  a  few      steam  pipe.    A  hand  oil  pump  was  taken  from  the  main 


Frc. 


Drain  Pipe 


llwi)  Oil,  I'ujrr 


the  steam  pi])e  through  which  the  cylinder  was  lubricated 

until  repairs  could  be  made  to  the  lubricator  connection. 

The  trouble  was  caused  by  tlie  breaking  of  the  '/i-in. 
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engine  and,  after  disconnecting  the  drain  pipe  at  the 
iinion,  was  attached  as  shown  and  oil  pumped  to  the 
cylinder  until  the  engine  could  be  shut  down  at  the  end 
of  the  week. 

Water  to  a  barometric  condenser  was  supplied  through 
a  5-in.  pipe  which  extended  perpendicularly  from  the 
pump  through  the  engine-room  roof,  ran  horizontally  4 
ft.,  and  then  perpendicularly  to  the  condenser  head.     As 


Fig.  3.  How  the  Piim:  .Ioint  W.\s  Held  Togetheti 

the  pipe  line  was  not  properly  connected,  one  night  it 
pulled  apart  at  the  ell,  as  shown  in  Fig.  3,  the  pipe  hav- 
ing been  screwed  in  not  more  than  three  threads.  As 
the  day  load  was  heavier  than  the  night  load  it  was  im- 
possible to  spare  the  condenser  and  it  was  decided  to 
repair  the  leak  that  night  to  tide  over  until  sucii  time 
as  a  permanent  job  could  be  made. 

Some  pieces  of  Ixiy^-in.  iron  were  secured  long  enough 
to  form  a  U-bend  around  the  wooden  supporting  mem- 
ber and  to  pass  through  a  cross-piece  on  top.  A  second 
clamp  was  used  as  shown  on  the  vertical  pipes. 

When  the  clamps  were  ready  a  piece  of  4x4-in.  wood,  of 
sufficient  length  to  reach  from  the  horizontal  pipe,  but 
beyond  the  second  vertical  pipe,  was  placed  as  shown. 
This  was  held  by  one  of  the  U-clamps,  the  outer  U-clamp 
passing  through  a  band  clamp  on  the  vertical  pipe,  as 
shown.  The  nuts  on  the  U-beuds  were  tightened  which 
drew  the  vertical  pipe  into  the  tee  and  supported  it  in 
place.  Then  pine  plugs  were  driven  in  around  the  pipe 
and   followed    rp   with   lead,   thus   stopping   the   leak. 

JoHx  J.  Ramsey. 

Wellington.  Kan. 

Better  Attention,  Better  Service 

The  engineer  having  a  license  should  lie  absolutely  in 
charge  of  the  steam  plant.  Examiners  of  engineers,  when 
they  visit  a  plant,  should  ask  the  owner  or  manager  who 
is  held  responsible  for  the  plant.  If  the  master  mechanic 
is,  find  out  whether  or  not  he  has  a  license.  If  not,  he 
shoidd  be  required  to  have  one,  or  not  have  an}i:hing  to 
do  with  the  plant.     As  the  law  is  now,  one  gets  a  license 


and  the  state  holds  him  responsible  for  any  accident  in 
the  plant.  Should  any  occur,  it  would  jsrobably  deprive 
his  family  of  a  livelihood,  and  still  he  has  no  jurisdiction 
over  the  plant.  I  do  not  want  to  have  the  license  law  en- 
forced as  a  farce. 

If  engineers  want  to  progress,  they  should  receive  more 
questions  regarding  breakdowns,  and  how  to  make  rc- 
}>airs  without  calling  in  outside  help,  which  often  nie<ins 
a  loss  of  time  to  their  employers.  The  engineer  sh<]uld 
be  granted  a  license  on  the  amount  and  kind  of  experi- 
ence he  has  had.  In  looking  over  the  field,  it  will  lie 
found  that  many  engineers  have  received  their  license 
by  being  tutored  in  engineering  schools  which  have  sprung 
up  "like  mushrooms  in  the  night." 

How  many  engineers  enter  their  engine  rooms  on  a 
Monday  morning,  thinking,  "Now,  what  can  I  do  to  help 
my  employer  in  every  way,  not  only  in  saving  in  tlii' 
j)ower  plant,  but  by  giving  him  the  greatest  possible  speed 
to  get  the  greatest  production?"  I  do  not  think  that 
many  of  them  give  it  a  thought  that  one  or  two  revolu- 
tions lost  on  the  engine  means  a  great  loss  to  the  em- 
ployer. 

When  I  was  a  young  man,  having  charge  of  a  cotton- 
mill  plant,  I  never  thought  of  leaving  the  plant  Saturday 
night,  unless  1  went  into  the  cloth  room  to  find  how 
much  the  production  was  for  that  week.  It  showed  ti> 
my  employer  that  I  was  interested  in  the  entire  plant.  1 
never  had  to  ask  for  an  increase  in  pay.  It  was  always 
coming.  If  engineers  would  devote  more  attention  to 
making  their  plants  paying  investments,  many  small 
plants,  which  are  now  idle,  would  be  operating. 

Geohge  H.  Dim  an. 

Lawreiire,  Mays. 

Best   Form  of  Link 

A  mass  of  iron,  weighing  l.i.OOO  lb.,  suspended  by 
four  links,  each  18  ft.  long,  like  AB  and  CU.  as  shown 
in  the  accompanying  sketch,  is  lifted  by  a  magnet  to  the 
position  IV  through  a  vertical  height  of  /i  =  10  ft.  After 
being    raised    to    this    height,    the    magnet    releases    the 


/  /         i 


/ 


/" 


i 


weiglit  and,  upon  arriving  at  the  lowest  point  of  its 
travel  11',  the  weight  strikes  a  resisting  mass  Q. 

Assuming  that  the  weight  moves  a  distance  of  not  more 
than  2  in.  after  impact,  and  neglecting  friction  of  the 
center  pins,  what  section  of  link  would  be  liest  suitec' 
to  withstand  the  stres.ses  due  to  the  centrifugal  force  oi' 
the  weight  and  the  impact  of  the  weight  itself? 

Philadelphia.  Peun.  S.  N.  Bow^^AN. 

[Answers  from  readers  would  be  appreciated. — 
EniToif.] 
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The  Allis-Chalmers  Engine 

li^ferriiig  to  the  article  under  the  above  title,  in  the 
Jan.  21  issue,  signed  by  Richard  H.  Rice,  1  would  state 
that  I  was  the  engineer  in  charge  of  the  Corliss  engine 
department  of  the  Allis-Chalmers  Co.  during  the  time 
that  their  new  engine  was  designed,  built,  tested  and 
])]aced  on  the  market.  I  have  no  apologies  to  offer  anyone 
for  the  work  done  while  I  was  in  charge  of  that  depart- 
ment. 

The  engine  is  not  an  exact  copy  of  the  Rice-Sargeant 
engine  as  stated.  The  Allis-Chalmers  Co.  has  built  doubie- 
i)orted  valves  for  many  years.  The  steam  valves  are  lo- 
I  ated  no  nearer  the  cylinder  than  they  have  lieen  for 
liver  30  years  on  all  engines  with  valves  in  the  corner  of 
the  cylinder.  The  exhaust  valves  have  been  placed  higher 
tiian  in  the  old  engine  to  reduce  the  clearance.  The  same 
thing  has  been  done  by  several  builders  of  Corliss  engines. 
The  Allis-Chalmers  Co.  has  been  building  engines  with 
both  steam  and  exhaust  valves  in  the  heads  for  many 
years,  which  design  gives  less  clearance  than  is  possible 
with  the  design  for  which  Mr.  Rice  claims  his  former 
lompany  was  the  pioneer. 

1  wish  to  call  attention  to  Mr.  Rice's  statement  that 
the  use  of  the  wristplate  motion  limits  the  cutoff  to  from 
0.4  to  0.5  stroke  and  would  ask  Mr.  Rice  what  the  wrist- 
jilate  has  to  do  with  the  cutoff.  The  Allis-Chalmers  Co. 
has  built  doulde-eccentric  engines  both  with  and  without 
steam  wristpiates,  according  to  the  purchaser's  desire,  and 
iias  been  doing  that  for  many  years.  The  first  man  to 
apply  separate  eccentrics  to  actuate  the  steam  and  ex- 
haust valves  on  Corliss  engines  was  the  late  William  K. 
Crane,  while  he  was  operating  engines  at  Waterbury. 
Conn.  The  Green  engine,  which  was  built  before  the 
Rice-Sargeant  engine,  in  the  same  shops,  had  two  ec- 
centrics and  no  wristplate. 

Referring  to  the  comments  on  the  new  Allis-Chalmers 
Co.  governor,  I  would  state  that  I  believe  it  to  be  the  most 
l)owerful,  sensitive  and  nearest  fool-proof  of  anything  that 
iias  been  designed  up  to  date.  The  advertising  matter 
sent  out  l)y  the  Rice-Sargeant  Co.  would  indicate  thai 
they  had  abandoned  the  Rites  inertia  governor.  The 
picture  of  their  new  governor  looks  very  niiicli  like  the 
governor  on  the  Allis-Chalmers  Co.'s  engine  in  tiio  Metro- 
politan Life  Insurance  Co.'s  building  in  New  York  City. 
'In  the  acceptance  test,  the  regulation  of  the  Allis-Chal- 
mers Co.'s  engine  was  far  superior  to  the  Rice-Sargeant 
I'ligines,  which  were  equipped  with  the  Rites  inertia  gov- 
ernor. An  examination  of  the  Allis-Chalmers  governor 
and  the  Rites  inertia  governor,  mentioned  in  Mr.  Rice's 
letter,  will  convince  any  engineer  that  the  former  has 
less  parts;  therefore  less  complications  and  on  account 
of  its  being  entirely  inclosed  can  be  flooded  with  oil  which 
greatly  prolongs  its  useful  life. 

Ample  provisions  have  been  made  to  take  care  of  the 
expansion  between  the  cylinder,  frames  and  foundations. 
I  note  that  Mr.  Rice  refrains  from  saying  anything  about 


the  Allis-(  halnicrs  Co.'s  frame,  self-adjusting  main  bear- 
ing, oil  guards  and  other  ])oints  that  are  strictly  uptodate 
but  concedes  tlieir  engine  was  designed  19  years  ago. 
Finally,  would  say  that  I  am  not  with  the  Allis-Chalmers 
Co.,  am  under  no  obligations  to  them  except  to  wish  the 
company  the  success  it  deserves. 

K.  D.  ToiiLixsoN. 
Danlniry.    Conn. 

Mr.   Flannery's   Feed-Water  Heater 

Some  statements  in  Mr.  Flannery's  letter  concerning 
the  trouble  with  his  feed-water  heater  I  do  not  under- 
stand. He  says  that  the  heater  is  much  too  large  and,  in 
proof  of  this,  says  that  when  he  runs  the  pump  fast  he 
gets  a  temperature  of  200  (leg. ;  but  when  running  slow 
only  gets  a  temperature  of  190  deg.,  and  he  also  says 
that  if  the  heater  was  smaller,  the  water  would  move 
faster  and  he  would  get  a  higher  temperature. 

I  fail  to  see  Just  how  he  accounts  for  this.  I  believe 
that  the  reason  is  that  he  does  not  get  enough  steam  to 
heat  the  water  over  190  deg.,  but  when  running  the  ineffi- 
cient "steam  eating"  pump  at  higher  speeds,  he  gets  more 
steam  in  the  heater,  and,  consequently,  heats  the  water  to 
a  higher  temperature.  The  slower  the  water  moves  through 
an  open  heater,  the  hotter  it  will  get,  up  to  212  deg. 

He  also  states  that  he  has  4  ft.  of  water  below  the  suc- 
tion pipe  and  only  14  in.  above  it  that  is  available  for  use 
if  the  supply  is  interrupted,  li  he  will  examine  the  inside 
of  his  heater,  I  think  he  will  find  a  hood  covering  the  suc- 
tion opening  so  that  he  can  pump  out  the  greater  part  of 
that  4  ft.  of  water,  or,  if  nol.  there  is,  or  should  be.  a 
hyjiass  from  the  lowci-  ]iart  of  the  chamber  to  the  suction 
pipe.  Further  on,  he  slates  that  when  the  filter  gets 
dirty  he  has  trouble  in  regulating  the  water  supply.  This. 
1  consider,  a  good  proof  of  the  efficiency  of  the  filter.  If 
it  gets  clogged  up  in  a  shoii  time,  it  shows  that  it  is  ef- 
fective in  removing  the  foreign  matter,  and  his  trouble 
lies  in  that  hv  docs  not  clean  it  often  enough.  1  think 
it  would  be  nnuli  more  desirable  to  clean  the  deposit  out 
of  the  heater  than  out  of  the  boiler. 

II  is  troul)le  seems  to  be  due  ehietly  to  lack  of  steam 
to  iieat  the  water;  possibly  only  a  snudi  ])art  of  the  steam 
goes  to  tiie  heater,  the  rest  being  used  for  other  purposes. 
I  have  o])erated  some  ten  or  twelve  different  heaters  and. 
although  I  found  some  that  would  not  heat  the  water 
as  hot  as  they  slioidd,  tliere  was  usually  some  reason  other 
than  the  design  to  account  for  it. 

J.  (/.  Hawkins. 
livattsville.  M,l. 


While  rebuilding  a  steam  plant  under  my  supervision, 
it  was  decided  to  install  an  o|ien  feed-water  heater.  The 
one  selected  was  of  the  through  type,  i.e.,  all  of  the  ex- 
haust entered  the  side  and  passed  out  of  the  ioj).  Tiie 
feed  water  entered  the  top,  falling  into  a  cast-iron  pan 
wiiich  overllowed  into  a  set  of  east-iron  trays,  from  which 
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it  fell  to  the  filtering  material,  through  this  to  a  chamber 
ill  the  bottom  of  the  heater.  The  hot-water  outlet  was 
at  the  lowest  point  of  the  liot-water  ohamber. 

We  set  the  heater  so  that  the  bottom  of  the  hot-water 
thamber  was  one  foot  above  the  pump  suction.  Mr.  Flan- 
iierv  can  overcome  part  of  his  trouble  by  raising  his  heater 
snd  putting  in  a  bypass  from  the  lowest  point  to  his  suc- 
tion line,  keeping  the  piping  always  below  the  outlet.  This 
would  give  unfiltered  water,  but  it  would  be  better  in  an 
emergency  than  no  water  at  all. 

In  operating  our  heater,  we  soon  found  that  a  two 
weeks'  run  choked  the  trays  with  scale,  besides  lining  the 
interior  with  scale  %  i^-  thick.  The  trays  "froze"  in  the 
guides  so  firmly  it  was  very  hard  to  remove  them  for 
cleaning.  To  overcome  this,  we  made  strap-iron  hangers 
to  fit  2-in.  pipe  and  long  enough  to  slip  into  the  grooves 
in  place  of  the  trays.  These  hangers  were  so  made  that 
pieces  of  pipe  cut  as  long  as  the  heater  was  deep  inside^ 
would  be  114  in-  apart  in  the  row  and  the  row's  staggered 
when  placed  in  position.  There  were  six  rows  and  two 
hangers  for  each  row.  It  was  a  quick  job  to  remove,  clean 
and  replace  these  pipes. 

We  had  much  trouble  using  coke  for  a  filter  material 
as  small  particles  washed  through  and  filled  up  the  out- 
let pipe.  Coarse  marsh  hay,  or  "swamp  grass"  as  some 
call  it,  makes  the  cleanest  and  quickest  filter  material  we 
have  ever  used. 

While  Mr.  Flannery's  heater  is  too  large  for  his  boiler 
capacity,  I  do  not  believe  this  should  materially  alTect 
the  temperature  of  the  water  if  the  heater  was  arranged 
differently.  With  us  the  temperature  never  varied,  no 
matter  how  much  or  how  little  water  was  being  passed. 
I  believe  the  cause  of  the  drop  in  temperature  is  due  to 
a  large  quantity  of  water  being  held  ahead  of  the  filter 
in  the  coldest  part  of  the  heater,  where  it  is  subject  to 
excessive  radiation  before  it  is  filtered.  If  the  water  was 
held  directly  under  the  trays,  where  it  would  be  in  the 
hottest  part  of  the  heater,  it  would  stay  hot.  Naturally, 
the  faster  the  water  travels  through  Mr.  Flannery's  type 
of  heater,  the  hotter  it  will  be,  as  it  is  subject  to  that 
much  less  radiation. 

G.  Andeesox. 

Creseo,  Iowa. 

Operating  Costs  of  Hydraulic  vs.  Elec- 
tric Elevators 

The  writer  was  much  interested  in  Mr.  Waldron's  con- 
tribution on  the  above  subject,  in  the  Jan.  28  issue.  If 
we  could  save  coal  in  heating  buildings  by  first  using  the 
steam  for  elevator  service,  and  thus  taking  the  exhaust 
for  heating,  nearly  all  buildings  would  soon  he  equipped 
with  elevators,  running  up  and  down  automatically,  to 
reduce  the  coal  bill. 

Mr.  Waldron  must  have  made  some  mistake.  Perhaps 
the  winter  the  electric  elevators  were  used  was  more  severe 
than  the  previous  one  when  those  of  the  hydraulic  type 
were  used.  Perhaps  serious  leaks  that  allowed  the  escape 
of  many  B.t.u.  may  have  occurred  during  the  second  year. 
Faulty  traps,  scaled  boilers,  sealed  feed-water  heater  or 
many  other  things  might  have  caused  the  increase  in  the 
coal  consumption  over  what  it  was  when  the  steam  was 
used  for  the  elevator  pumps  before  being  admitted  to  the 
heating  system. 


If  there  are  steam  boilers  on  the  premises,  it  will  prove 
cheaper  to  u.se  the  steam  for  the  elevators  and  the  exhaust 
tor  heating  than  it  will  to  use  the  steam  for  heating  and 
buy  electric  current  for  the  elevators,  unless  the  electric 
power  is  furnished,  very  cheaply.  On  the  other  hand,  a 
given  amount  of  steam  will  furnish  more  heat  to  the 
rooms  if  used  direct,  than  if  first  used  for  some  other 
purpose. 

From  Mr.  Waldron's  letter,  I  conclude  that  the  central 
station  was  carrying  all  the  lighting  load  and  all  the 
])ower  load,  excepting  that  for  the  elevators.  If  this  is 
so,  it  would  seem  reasonable  to  either  give  the  central 
stations  the  elevator  load  also,  or  take  all  the  load  away 
from  them.  Mr.  Waldron  does  not  say  whether  or  not  the 
boilers  were  shut  down  in  the  summer,  after  the  new  ele- 
vators were  installed ;  but  if  they  were  not,  and  low-pres- 
sure steam  were  necessary  the  year  round,  it  seems  diffi- 
cult to  see  how  the  central  station  ever  got  hold  of  that 
l)uilding  in  the  first  place. 

John  Bailey. 

Milwaukee,  Wis. 


Available  CO2  Percentages 

In  his  letter  "Available  VO^  Percentages,"  in  the  Apr. 
15  issue,  A.  Pohlman  brings  up  a  question  that  probably 
has  occurred  to  many  engineers.  The  only  purpose  of  this 
letter  is  to  call  attention  to  an  error  in  an  otherwise  ex- 
cellent article. 

As  Mr.  Pohlman  states,  perfect  combustion  of  pure  car- 
bon in  air  would  give  21  per  cent.  CO.,  and  79  per  cent. 
nitrogen  and  this  would  require  11.6  lb.  of  air  per  pound 
of  carbon  or,  at  ordinary  temperature  and  pressure,  152.7 
cu.ft.  If,  however,  the  fuel  contained  only  70  per  cent, 
carbon  and  the  remaining  30  per  cent,  were  ash,  the  gas 
analysis  for  perfect  combustion  would  .still  be  21  per  cent. 
CO^  and  79  per  cent,  nitrogen,  but  the  amount  of  air  re- 
quired would  be  only 

0.70  X  11-6  lb.  =  8.12  U). 
of  air,  or  106.8  cu.ft. 

Most  fuels,  however,  contain  hydrogen  in  varying  quan- 
tities and  this  is  what  does  affect  the  percentage  of  CO^ 
that  can  be  obtained  even  with  the  best  firing^  as  this 
hydrogen  combines  with  the  oxygen  of  the  air  to  form 
water,  which  in  the  furnace  gases  exists  as  superheated 
steam,  but  which,  when  a  sample  is  drawn  off  for  analysis 
in  the  Orsat  apparatus,  condenses  and  disappears,  as  far 
as  that  analysis  is  concerned. 

For  instance,  take  an  extreme  case.  Pittsburgh  natural 
gas,  contains  by  volume,  methane  (CH.,),  89.3  per  cent.; 
ethane  (C.^HJ,  8.5  per  cent.,  and  nitrogen  (X),  2.2  per 
cent.,  or  by  weight  carbon  (C),  73.4  per  cent.;  hydrogen 
(H),  23.1  per  cent.;  nitrogen  (X),  3.5  per  cent. 

With  perfect  combustion  this  gas  gives  an  analysis  of 
12  per  cent.  CO..j  and  88  per  cent,  nitrogen.  Fuel  oil  also 
shows  a  low  maximum  possible  percentage  of  CO,,  15.7 
per  cent. ;  nitrogen,  84.3  per  cent.,  for  an  oil  containing 
87.8  per  cent,  carbon  and  12.2  per  cent,  hydrogen  by 
weight. 

Most  coals,  particularly  those  sold  in  the  East,  show 
much  higher  maximum  possible  percentages  of  CO,,  as 
the  available  hydrogen,  i.e.,  hydrogen  content  after  sub- 
tracting that  already  combined  with  the  oxygen  in  the 
coal  and  existing  as  water  of  constitution,  is  much  less 
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and  give  maximum  percentages  of  between  18  and  19  per 
cent.  CO2,  the  remainder  being  nitrogen.  Tlie  writer  lias 
obtained  results  checking  the  above  figures  in  practice 
when  the  air  supply  happened  to  be  just  right  to  give  per- 
fect combustion. 

The  surest  guide  to  the  working  of  any  furnace  is  to 
analyze  the  flue  gases  for  carlion  dioxide,  oxygen  and 
carbon  monoxide,  as  by  this  method  complete  informa- 
tion is  obtained  and  nothing  is  left  to  guesswork.  The 
magnitude  of  the  unnecessary  losses  can  then  be  easily 
ascertained  as  these  are  in  direct  proportion  to  the  ratio 
of  the  unnecessary  or  excess  air  above  that  required  for 
combustion  to  the  amount  necessary  to  give  complete  com- 
bustion wiih  the  coal  and  the  temperature  and  also  to  the 
ratio  of  the  carbon  monoxide  to  the  sum  of  the  carbon 
dioxide  and  carbon  monoxide.  The  first  of  these,  the  ex- 
cess air  loss,  does  not  bear  a  direct  relation  to  the  per- 
centage of  CO2  bat  increases  at  an  increasing  rate  as  per- 
centage of  CO2  decreases.  For  instance,  with  14  per  cent. 
C0„,  a  decrease  of  1  per  cent.  CO,  and  a  corresponding 
increase  in  oxygen  would  indicate  an  increase  in  air  excess 
from  36  to  47  per  cent.,  whereas  at  7  per  cent.  C'O.j,  a 
decrease  of  I/2  per  cent,  in  t'O,  means  an  increase  in  air 
excess  of  from  180  to  203  per  cent.,  and  a  decrease  of  1 
per  cent,  in  CO,  an  increase  in  air  excess  from  180  to 
226  per  cent. 

The  excess  air  percentage  can  be  calculated  for  any  gas 
analysis  from  the  formula. 

Percentage  excess  air  =  100  X 

0.205  percentage  nitrogen  — •  per  cent,  oxygen 

percentage  oxygen 

The  carbon-monoxide  loss,  due  to  the  escape  of  un- 
bunu'd  gases  up  the  stack,  depends,  as  stated  before,  on 
the  ratio  of  the  percentage  of  carbon  monoxide  to  the  sura 
of  the  percentages  of  carbon  monoxide  and  carbon  dioxide. 
Thus  it  will  be  seen  that,  when  the  percentage  of  CO^  is 
low,  small  percentages  of  carbon  monoxide  may  mean  a 
serious  loss,  whereas,  if  the  percentage  of  CO,  is  high, 
such  a  small  fraction  of  the  total  carbon  is  escaping  un- 
burned  that  the  loss  is  unimportant.  Usually,  however, 
any  percentage  of  carbon  monoxide  that  can  be  unmis- 
takably detected  by  an  Orsat,  say,  0.3  to  0.5  per  cent.,  is 
more  than  should  occur  and  a  sufficiently  thinner  fire 
should  be  carried  to  do  away  with  it,  as  the  loss  due 
to  tile  necessary  increase  in  air  excess  will  usually  be 
much  less  than  that  due  to  the  carbon  monoxide. 

In  water-tube  boilers  with  horizontal  tubes  and  vertical 
baffles  the  presence  of  carbon  monoxide  can  be  detected 
at  once  l)y  watching  the  cracks  in  the  lower  part  of  tlie 
front  l)affle  through  the  soot  blow-holes  in  the  second  pass, 
as  blue  flanies  appear  there  as  soon  as  carbon  monoxide  is 
formed,  and  after  a  little  practice  the  ]K'rcentage  jiresent 
an  be  estimated  within  reasonable  limits  from  the  length 
iiul  thickness  of  the  flame. 

The  relative  importance  of  these  two  losses  depends 
largely  on  the  flue  temperature.  Where  this  is  low,  as  in 
boilers,  a  comparatively  large  increa.se  in  percentage  of 
air  excess  will  cause  less  loss  Ihan  a  small  increase  in 
carlion  monoxide  while  in  liigb-temi)eratiire  work,  su(  k 
in  iron  and  glass  furnaces,  the  los.^es  due  to  air  excess 
arc  muih  more  serious  than  those  due  to  unburiied  gases, 
on  account  of  the  much  greater  effect  tln'V  have  in  low- 
ering the  temperature  of  the  furnace. 

in  taking  samples  of  flue  gas  it  is  important,  if  it  is 


desired  to  check  the  work  of  the  fireman,  to  see  that 
the  sampling  tube  is  so  arranged  that  it  draws  from  a 
well  mixed  body  of  gas  coming  from  the  fire  and  undiluted 
by  air.  A  boiler  setting  in  good  condition  should  not 
increase  the  air  excess  in  the  flue  gases  more  than  30 
to  50  per  cent,  between  the  middle  of  the  first  pass,  and 
the  flue  neck,  with  the  boiler  running  at  or  about  rated 
capacity,  and  if  it  is  found  impossible  to  get  gas  analysis 
containing  more  than  8  to  10  per  cent.  CO,  when  the  fire 
has  been  put  in  good  shape  and  the  sampling  connec- 
tions, etc.,  are  known  to  be  tight,  the  setting  should  be 
carefully  gone  over  for  air  leaks  and  repaired.  Then  tlie 
maximum  economical  percentage  of  CO,  to  carry  will  be 
that  at  which,  with  a  level  fuel  bed  of  the  proper  thick- 
ness for  the  draft,  traces  of  carl)on  monoxide  begin  to 
show.  Always  care  must  be  taken  that,  in  endeavoring  to 
obtain  a  good  gas  analysis,  the  fire  is  not  so  thickened 
that  the  boiler  is  nearly  banked  and  the  capacity  seriously 
reduced,  as  this  has  been  known  to  occur. 

H.  D.  Fisher. 
Xewton  Highlands,  Mass. 

Care  of  High-Vacuum  Apparatus 

Eeferring  to  the  article  under  the  above  title,  in  the 
Dec.  31  issue,  I  would  otier  the  following  comment ; 

Relative  to  the  condenser  log  for  a  2000-kw.  turliine, 
dated  Jul}'  13,  1911,  the  most  important  figure  appears 
to  have  been  overlooked,  the  barometer  reading.  Without 
this  reading,  a  fair  criticism  is  impossible,  and  I  can  only 
assume  that  the  vacuum  readings  given  refer  to  a  30-in. 
barometer  reading.  AVliere  were  the  air-pump  discharge 
and  hotwell-line  readings  observed?  It  is  not  stated  that 
a  separate  hotwell  pump  handled  the  condensate,  so  Ihe 
assumption  is  that  a  suction-valveless  air  pump  handles 
both  the  air  and  the  condensate.  If  so,  one  would  expect 
the  condensate  temperature  to  lie  somewhere  between  the 
temperature  of  the  circulating-water  inlet  and  outlet, 
whereas  the  figures  indicate  that  the  condensate  kept  with- 
in 1  deg.  of  the  steam  temperature  and  the  nearest  it  ap- 
proached the  circulating-water  discharge  temperature  was 
4  deg.  above.  At  9  o'clock  p.m.,  it  \''as  actually  11  deg. 
hotter  than  the  discharged  circulating  water. 

We  all  endeavor  to  witiidraw  the  condensate  at  as  high 
a  teni]>erature  as  practical)le,  commensurate  with  reason- 
aiile  ])roportions  for  air  pumps,  so  one  is  inclined  to  won- 
der what  special  means  were  adopted  in  this  instance,  in- 
as  much  as  the  air  pumi)s  do  not  appear  to  have  been  too 
well  proportioned  in  the  way  of  disi)lacement  efficiency. 
The  log  states  that  at  9  :3()  p.m.,  the  air-pump  phingor- 
rod  glands  were  leaking.  From  a  comparison  of  the  steam 
tem])eratures  given  with  tlie  vacuum  logge<l,  this  leak 
would  appear  to  have  been  more  excessive  at  6  :3()  p.m. 

At  6:30  p.m.,  the  load  was  900  kw. ;  steam  temjiera- 
ture  90  deg.,  which  corresponds  to  a  vacuum  of  28.58  in., 
whereas  the  vacuum  logged  was  28.4  in.,  leaving  a  vac- 
uum of  0.18  in.  to  be  accounted  for  i)y  the  pressure  of  air. 

At  9:30  p.m.,  the  load  was  1865  kw. ;  steam  tempera- 
ture 101  deg.,  corresponding  to  28.011  in.  vacuum.  Tiie 
vacuum  logged  was  27.9  in.,  leaving  a  vacuuni  (if  0.111 
in.  loss,  due  to  air  in  tiie  condenser. 

Tin's  letter  is  written  in  an  honest  attempt  to  un<!er- 
stand  this  part  of  the  publislied  article. 

Goodmayes,  Eng.  W.  Vinci:xt  Ti;i:i:nY. 
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Putting  New  Valve  Stems  in  Corliss 
Engine 

lu  the  Jan.  28  issue,  H.  W.  Lee  a.sks  for  iuformatiou 
in  regard  to  putting  in  Corliss  valve  stems.  Although  he 
does  not  say  so,  1  suppose  he  will  get  them  from  the  en- 
gine builder,  in  which  case  all  that  he  will  have  to  do 
is  cut  the  keywaj's,  as  it  will  not  be  necessary  to  dismantle 
tlie  valve-gear. 

To  take  the  old  stems  out,  remove  the  packing  from  the 
stutHng-boxes,  take  oif  the  back  bonnets  and  pull  the 
valves  back  with  an  eye-bolt,  then  draw  out  the  keys  and 
push  the  stems  back  into  the  valve  chamber.  If  the  new 
stems  are  of  proper  dimensions,  all  that  is  necessary  is 
to  dress  down  the  T-head  of  the  stem,  which  is  left  a  lit- 
tle large  so  that  it  can  be  made  a  tight  fit  in  the  slot  in 
the  end  of  the  valve.  One  of  the  most  simple  ways  of  cut- 
ting a  keyway  in  a  valve  stem  is  the  following: 

The  new  stems  are  turned  up  in  the  machine  shop  and 
then  put  in  the  engine.  The  valve  is  put  in  and  the  bell 
crank  fitted  on.  The  valve  is  then  set  with  the  proper 
amount  of  lead  and  is  held  from  turning  by  inserting  a 
piece  of  cardboard  between  the  valve  and  the  bonnet, 
which  is  drawn  up  tight.  The  wristplate  is  then  put  in 
its  central  position  and  the  valve  rod  screwed  in  aboiit 
one  or  two  threads.  To  mark  the  stem  for  the  keyway 
in  the  bell  crank,  a  combination  square  with  a  center 
head  is  placed  on  the  end  of  the  stem  and  bell  crank  and 
a  line  is  drawn  through  the  center  of  the  keyway  and 
center  of  the  stem ;  then  two  other  lines  are  drawn  paral- 
lel to  the  center  line  to  mark  the  width  for  the  keyways. 

The  ends  of  the  valve  stems  and  the  valve  bonnets 
should  be  marked  with  a  center  punch  to  identify  them. 
The  stems  are  then  taken  to  the  shop  and  three  lines 
drawn  on  the  shaft  with  a  keyseat  square,  to  correspond 
to  the  lines  drawn  on  the  end  of  the  stems.  A  line  is 
drawn  to  locate  the  depth  of  the  keyseat  or  keyway.  The 
length  of  the  keyway  is  then  measured  and  a  center  punch 
mark  made  at  this  point  on  the  center  line.  The 
st'^ms  are  then  taken  to  the  drill  press  and  a  hole  of  the 
required  depth  drilled  at  the  end  of  the  keyways.  Then 
the  stems  are  read}'  to  be  put  in  the  shaper,  and  the  key- 
way  cut  to  the  proper  width  and  depth. 

When  a  planer  or  shaper  cannot  be  reached,  the  keyway 
may  be  cut  with  a  cape  chisel,  making  it  a  little  narrower 
than  the  required  width  and  dressing  it  out  with  a  file 
to  the  exact  dimension.  There  are  other  ways  of  locat- 
ing the  keyways,  but  this,  I  think,  is  the  best. 

After  the  new  stems  are  in,  one  should  check  up  the 
valve  setting,  because  it  may  have  been  changed  while 
the  repairs  were  being  made.  After  getting  the  engine  in 
operation,  apply  the  indicator  and  make  such  minor  ad- 
justments as  may  be  required. 

J.  C.  Hawkixs. 

Hyattsville,  Md. 


Having  renewed  the  stems  in  a  large  Corliss  engine,  T 
will  state  my  method,  hoping  it  will  assist  Mr.  Lee. 

The  first  proceeding  is  to  remove  the  back  bonnets  of 
the  valves.  Considering  first  the  steam  valves,  hook  up 
the  valve,  the  stem  of  which  is  to  be  renewed,  and  move 
the  valve-gear  in  the  direction  it  takes  when  running  un- 
til the  central  marks  on  the  wristplate,  hub  and  trunnion 
are  line  and  line;  now  make  a  light  scratch  mark  on 


the  back  end  of  the  valve  and  chamber.  (It  will  be  best 
to  make  this  mark  where  it  will  not  be  confused  with  the 
marks  showing  the  working  edge  of  the  port  and  valve.) 

Next  remove  the  valve  from  the  chamber  and,  after 
drawing  the  key,  the  old  stem  may  be  removed  through 
the  valve  chamber,  which  saves  the  work  of  removing  the 
front  bonnet  or  yoke. 

The  new  stem  is  now  inserted  in  the  same  manner  and 
the  bell  crank,  carrying  the  latch-block  and  dashpot  con- 
nection, slipped  on  the  new  stem.  With  the  block  and 
hook  engaged  again,  move  the  wristplate  to  the  central 
position ;  insert  the  valve  in  the  chamber,  placing  the  T- 
head  on  the  valve  stem  in  the  slot  in  the  end  of  the  valve. 
Tilirn  the  valve  and  stem  until  the  scratch  marks  previous- 
ly made  are  line  and  line.  A  scriber  may  now  be  inserted 
in  the  keyway  in  the  bell  crank  and  the  position  of  the 
keyway  marked  on  the  new  stem,  which  is  now  taken  out 
and  the  keyway  cut,  after  which  the  gear  is  again  as- 
sembled, the  key  driven  in,  the  valve  hooked  up  and  the 
wristplate  brought  again  to  the  central  position,  when 
the  scratch  marks  on  the  end  of  the  valve  and  chamber 
should  be  line  and  line,  if  the  keyway  has  been  properly 
cut.  If  they  are  not  line  and  line,  change  the  valve  rod 
enough  to  make  them  so. 

If  the  valves  are  heavy,  it  will  probably  be  easier  to 
remove  the  front  bonnets  m  taking  out  the  stems. 

The  same  method  is  followed  with  each  of  the  valves. 

When  bringing  the  wristplate  to  the  central  position, 
it  will  be  well  to  bring  it  in  the  same  direction  each  time 
it  is  centered  for  the  separate  valves,  as  this  insures  the 
lost  motion  in  the  valve-gear  being  taken  up  alike  and 
lessens  the  possibility  of  having  to  change  the  valve  rod. 

I  changed  four  stems  on  a  Corliss  engine  in  this  man- 
ner and,  in  only  one  instance,  was  it  necessary  to  make 
any  change  in  the  valve  rods,  as  the  setting  of  the  valves 
was  not  altered. 

C.  B.  Hudson. 

Maiden,  Mass. 


What  Is  a  Bleeder? 

In  Inquiries  of  General  Interest,  for  Mar.  18,  1913, 
was  the  one  "What  is  a  Bleeder?"  Although  the  answer 
given  is  correct,  it  may  not  be  the  one  sought.  Another 
type  of  bleeder  is  a  valve  that  opens  into  the  condenser, 
and  is  used  mainly  in  marine  power  plants  to  reduce  the 
steam  pressure  on  the  boilers,  thus  preventing  them  from 
blowing  off.  The  writer  has  seen  them  used  only  on  sur- 
face condensers. 

There  is  one  fault  with  this  bleeder.  If  the  fireman  or 
stoker  knows  where  it  is,  but  does  not  know  when  it 
should  be  used,  he  might  do  some  damage.  The  writer 
was  in  the  engine  room  of  a  steamer  when  a  fireman  came 
in  and  picked  up  a  T-wrench  (the  valve  was  below  the 
grating)  and  started  to  open  the  bleeder,  and  being  asked 
what  he  intended  to  do,  he  stated  that  he  wished  to  re- 
duce the  steam  pressure  as  it  was  at  the  blowing-off  point. 
The  boat  at  this  time  was  tied  up  at  the  dock  and  all 
pumps  stopped   (that  is,  circulating  pumps). 

After  explaining  the  bleeder  aud  when  it  should  be 
used.  I  started  the  circulating  pump,  and  cautioned  him 
never  to  open  the  bleeder  while  the  pump  was  stopped, 
as  he  might  get  a  dangerous  pressure  in  the  condenser. 

Xew  Bedford,   Mass.  L.   J.   Olliver. 
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Leoklns  Pidton — When  steam  leaks  past  the  piston  now 
can  it  be  told  whether  new  rings  will  be  enough  or  whether 
the   cylinder   should   also   be    rebored? 

A.    1>. 

It  the  cylinder  is  not  seriously  scratched  or  cut.  and  care- 
ful calipering  at  various  points  shows  no  greater  variation 
in  the  cylinder  diameter  than  =*/*(  in.  (for  a  moderate  size 
cylinder),    the   cylinder   need    not    be   rebored. 


liCad  Boiler  Manhole  GaHketH — What  is  the  objection  to  the 
use  of  a  lead  manhole  gasket  below  the  water-line  of  a 
boiler? 

W.  il. 
Because  such  gaskets,  being  inelastic,  are  permanently 
compressed  by  expansion  and  contraction.  Thus  leaks  are 
likely  to  develop  unexpectedly  and  without  giving  warning 
of  their  existence  until  the  water  in  the  boiler  has  fallen  to 
a  dangerously    low    level. 


Boiler  Feeiline  Under  Prexsure — What  is  meant  by  the 
term  "under  pressure"  used  in  connection  with  water  deliv- 
ered   to    feed    boilers    from    an    elevated    tank? 

H.  V.  W. 

When  feed  water  is  delivered  to  a  boiler  by  tank  or  reser- 
voir pressure  which  is  sufficient  to  overcome  the  boiler  pres- 
sure without  using  a  pump,  injector  or  other  feeder,  the  boiler 
is  said  to  be  fed  "under  pressure."  i.e.,  only  the  pressure  it.  has 
as  delivered  to  the   plant. 


Impreeuatlnsr  ^Vl^e  CoilM — Explain  the  process  of  impreg- 
nating   the    coils    of   a    15-hp.    motor   for   underground    use? 

H.    V.    W. 

Such  coils  are  impregnated  with  a  waterproofing  com- 
pound (mainly  rubber)  forced  in  under  pressure  by  first  ex- 
hausting the  air  from  the  coil.  The  coil  Is  put  into  a  sealed 
iron  tank  from  which  the  air  is  exhausted  until  a  high  vac- 
uum is  obtained.  The  compound  is  then  introduced  and  a  high 
pressure  again  admitted  to  the  tank  interior  and  the  impreg- 
nating compound  is  forced  into  all  the  interstices  of  the  coil. 

Conneetlngr  .*nimeter — On  which  side  of  a  circuit  should 
an   ammeter   be   placed,    i.e.,    on    the    positive    or   the    negative? 

H.  R.  L. 

In  connection  with  a  compound-wound  generator,  which 
is  run  in  parallel  with  another  machine,  the  ammeter  should 
always  be  placed  on  the  opposite  side  from  that  in  which 
the  series  field  and  equalizer  connection  are  inserted.  The 
equalizer  connection  is  always  made  between  the  brush  and 
the  series  field,  but  the  latter  may  be  on  .-ither  the  positive 
or  the  negative  side.  The  object  of  placing  the  meter  on  the 
opposite  side  from  the  equalizer  is  to  prevent  it  from  record- 
ing currents   from  other  machines. 


LlehteMt  OaMoline  Bni^ine — What  is  the  lightest  engine  per 
horsepower  that  has  been  built  and  how  does  it  compare  with 
other   engines? 

C.   J.   J. 

The  seven-cyllndiM-  (Jnome,  an  aeroplane  engine,  is  the 
lightest,  wilghlng  only  3'^  lb.  per  hp.  This  refers  to  the 
engine  proper  and  does  not  include  the  weight  of  the  neces- 
sary auxiliary  plant  as  gasoline  tank,  radiator,  etc.  Auto- 
mobile engines  usually  weigh  18  to  24  lb.  per  hp.,  but  this 
weight  Includes  a  flywheel,  whereas  the  Gnome  has  none.  A 
two-stroke-cycle  marine  Diesel  engine  of  Nurnberg  type. 
weighs  .50  lb.  i)ir  hp.  Stationary  cll  engines  weigh  up  to 
about    270   lb.    per    hp. 


AlKae  In  Wnter^What  causes  a  green  moss-like  substance 
)  grow  In  a  water  tank,  and  how  can  it  be  prevented?  The 
ink  is  open  to  the  atmosphere  and  and  water  Is  pumped  from 
deep   well,    and    Is   used    for   laundry   and   drinking  purposes. 

A.    A.   G. 

The  growth  referred  to  Is  of  vegetable  origin  and  of  many 
alui-es.  but  all  generally  classified  as  algae.  They  have  no 
armful  effect  on  water  for  any  purpose:  thi'  principal  oh- 
■ctlon  to  their  presence  In  water  Is  their  tendency  to  clog 
iping  and  plumbing.  Algae  are  far  more  likely  to  occur  In 
atcr  drawn   from  deep  wells  than  from  surface  waters.    The 
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foal  ConNumption — We  have  three  150-hp.  water-tube  boil- 
ers used  for  heating  and  drying  and  carrying  50-lb.  pressure. 
I.s    not    2U00    tons    of    coal    per    year    too    much    to    be    burning? 

O.   W.   G. 

The  horsepower  rating  of  the  boilers  is  no  criterion  of  the 
amount  of  coal  burned.  The  only  way  to  prove  the  economy 
is  to  determine  the  amount  of  water  evaporated  in  relation 
to  the  amount  of  coal  burned.  This  must  be  done  by  an  evap- 
orative test.  If  the  boilers  are  found  to  be  evaporating  7  to 
10  lb.  of  water  per  pound  of  coal  from  and  at  212  deg.  P.,  or 
the  equivalent,  they  may  be  regarded  as  doing  fairly  well.  If 
not,  the  conditions  of  the  firing,  of  the  boiler  settings  and  of 
the  boilers  themselves  should  be  examined  and  improved 
where   needful. 


to,.   Siieelfle    Hent — What    is    the    specific    heat    of-  carbonic- 
acid    gas? 

J.  B. 
This  is  not  a  constant  quantity,  but  varies  with  the  pres- 
sure and  volume.  The  figures  obtained  by  different  investi- 
gators do  not  agree.  The  latest  edition  of  "Experimental 
Engineering,"  by  Carpenter  &  Diederichs,  gives  the  values 
by  G.  Upton,  who  also  plotted  curves  of  average  values,  ac- 
cording to  which  the  mean  specific  heats  at  constant  pres- 
sure and  at  constant  volume  are  as  follows: 
Deg.    F.  Constant    Pressure  Constant   Volume 

0  0.2  0.155 

400  0.215  0.170 

1000  0.235  0.190 

2000  0.260  (1.215 

0.270  0.225 


25U0 


I'miirrtieN  i>f  Steam — Is  there  any  rule  for  calculating  the 
temperature  and  relative  volume  of  steam  from  a  given  pros- 
sure? 

E.    S. 

Regnault,  the  French  physicist,  made  numerous  and  care- 
ful experiments  to  determine  the  relations  or  pressure,  tem- 
perature and  volume  of  steam  and  a  number  of  able  scientists 
have  been  over  the  same  ground  since.  Very  complicated 
empirical  formulas  have  been  constructed  of  the  properties 
of  steam  and  these  have  been  corrected  and  recorrected 
graphically.  Many  textbooks  on  steam  give  these  formulas. 
The  ones  now  regarded  as  most  exact  are  to  be  found  in 
Marks  and  Davis  "Steam  Tables  and  Diagrams."  The  use  of 
the  formulas  is  so  cumbersome  that  it  is  universally  the  cus- 
tom to  use  tables  of  these  properties  instead  of  carrying  out 
independent    calculations. 


fonilenNin^  or  .X'ouoondenMiuK  <)i»eratl€>n — We  have  a  16x36- 
in.  Corliss  engine  driving  a  150-kw.  generator.  It  operates 
under  light  load  18  hr.  and  normal  load  6  hr.  Would  it  prob- 
ably   pay    to    operate    condensing? 

J.  S.   H. 

()r<iinaiily  it  does  not  pay  to  install  condensing  equipment 
hi  a  plant  containing  only  one  engine  and  that  a  small  one, 
for  the  exhaust  steam  can  likel.v  all  be  used  for  heating  feed 
water.  During  the  peak  load  about  20  per  cent,  would  be 
saved  if  the  engine  exhausted  into  a  26-ln.  vacuum.  The  light 
load  during  three-fourths  of  the  tline  calls  for  early  cutoff 
and  a  condenser  might  effect  no  saving  during  this  time,  as 
the  cylinder  cooling  through  a  great  range  of  expansion  in  a 
single  cylinder  will  bring  about  two  much  Initial  condensa- 
lon.  Reducing  the  Initial  pressure  during  this  time  and  with 
a  vacuum  of  26  in.,  there  might  be  20  per  cent,  saving  In  steam 
consumption.  Whether  or  not  It  will  pay  to  Install  condens- 
ing equipment  will  depend  very  largely  on  the  cost  of  cool- 
ing water  In  any  given  locality.  The  net  economy  will  be  de- 
termined by  estimating  from  the  cost  of  the  equipment.  In- 
terest on  the  Investment,  depreciation,  and  the  cost  of  oper- 
ation. Against  this  place  saving  in  decreased  fuel  consump- 
tion and  reduced  cost  of  labor  (If  any).  If  there  Is  a  differ- 
ence In  favor  of  condensing  It  will  pay  to  make  the  change 
unless  there  Is  a  need  of  the  exhaust  steum  for  heating  pur- 
poses. In  the  latter  case  there  Is  seldom  nny  advantage  In 
operating   condensing. 
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PrinrinlpS    of    Combustion "III  ^^  ^  S^®  L-alled  carbon  monoxide  and  its  chemical  symbol 

is  CO. 
CoMBixixG  Weights  of  Elements  The  name  monoxide  i.s  one  of  those  built-up  words  from 

Tt-i_  1       ;     1      J--    ,     „„i,  „,    „^k„,+;^T,    i-„Vas  m.ono,  meaning,  one  or  one  part,  and  oxide,  meaning  the 

Vi  henever  a  chemical  action,  such  as  combustion,  takes        ,       '    ,        .  "       ^  '     ■  ,  ^!  ,    f 

1  iu       1  J-  ^„„,,,«„.,j,    „i,^„,.,    ->„„,K;,in    in  chemical   union   ot    oxvgen   with   some   other   substance. 

ulace,   the    elements   or    compounds    always    combine   m  • » 

fixed  proportions  bv  weight.    Because  of  this  fact  we  are  Thus,  carbon  monoxide  means  one  part  of  oxygen  united 

able  to  use  Col.  3  Tn  Table  I,  which  gives  the  combining  ^^h  carbon.     ^^  hen  the  number  of  parts  ot  the  other 

.,,,.,  ■  1      „,,+„      T\-u„„„,„-  +^^ „^^^c,  element  is  not  stated  it  is  alwavs  taken  as  one.     Hence, 

weights  of  the  various  elements.     W  hene\er  two  or  more  „       ,  -        ,     .  .    ,. 

elements  combine  they  do  so  either  in  direct  proportion  [he  exact  meaning  of  carbon  monoxide  is  one  part  of  car- 
lo the  numbers  shown  in  Col.  3  or  in  some  multiple  of  bon  united  vvith  one  part  of  oxygen 

,,  ,  rp,       ,. ,  i.  ,„„„„„^  ;„  .,„k;„i,  +v,.^-„  r.^-,T.  To  calculate  the  amount  m  pounds  of  the  CO  formed 

those  numbers,     ihe  exact  manner  m  which  tnev  com-  .        -,-,    A  ■  ,  ,      ,   ^i  l 

,  .  ,  1      *i      f    „,„]„     ;     /'„!    A      Tiv.,,,    „-Kn„  it   IS   only   necessary  to  add   the   weight   of   the  carbon 

bme  IS  shown  bv  the  formulas  m  Col.  4.     ihus,  wlien  -,     ^  -,  .,  •,,,.,,  ■     -, 

1  u-       ■      +1      +1         1  „,„.,+    ,+  „i„ro„^  „„.>,K,TiQc.  burned  and  the  weight  ot  the  oxvgen  required  according 

carbon  combines  with  other  elements  it  always  combines  ,     ,,      „  ,        , '='  ,,    .     ,,■"      •  ,  ,      „  ^,  . 

.  ,  ,      J,  i„  „    ,   u,-   .       (■,.-)    „„„v,  „c  •>!    ^ft  to  the  formula;  the  result  is  the  weight  of  the  carbon 

in  weights  of  12  or  some  multiple  ot  1<;,  such  as  4-i,  6b,  '  ,.,,••     t  , 

48,  etc  ,  depending  on  the  formula.     When  oxygen  com-  "lonoxide.    ^^  hat  the  volume  of  this  gas  is  depends  upon 

bines  it  does  so  in  weights  of  16  or  multiples  of  16.    And  the  temperature  as  has  been  explained 
so  with  all  other  elements,   they  combine  according  to  Thus,  if  5  lb.  of  carbon  are  incompletely  burned  the 

their  combining  weights  or  atomic  weights  as  the  chemist  ^^e'?'"  of  CO  lormed  is 

, ,  , ,       , ,  Weight  of  carbon S  lb. 

usually    calls    them.  Weight  of  oxygen  required  5x1  J 6j  tb 

_,  _,  Weight  of  carbon  monoxide  formed 1 1  j  lb. 

Combustion-  OF  Carbon  i,     .  1 1  ^    t 

Ihis  carbon  monoxide  is  a  combustible  gas  and  if  sup- 
Carbon  has  two  ways  of  combining  with  oxygen.     One  plied  with  air  so  that  it  can  unite   with  the  required 
is  called  complete  combustion  and  the  other  incomplete  amount  of  oxygen  it  will  burn  when  heated  to  its  tem- 
combustion.     Whether  combustion  is  complete  or  incom-  perature  of  ignition.     Its  formula  is 
plete  depends  upon  conditions.     If  sufficient  air  is  sup-  CO   +   0   =    COj 

TABLE  I.  CO.MBUSTION  DATA 
Col.  1                  Col   2                    Col,  3                             Col.  4  Col.  5  Col.  6  Col.  7  Col.  8 

Pounds  of  Oxy-  Pounds  of  .\ir 
Heat    Liberated     gen  Required        Required 
Name  of  Symbol  of  Combining  Combustion  B.t.u.  per  lb.  per  lb.  of  per  lb.  of 

Element  Element  Weight  Formula  Compound  Formed  of  Combustible      Combustible     Combustible 

Carbon  C  12  C+0=CO  Carbon     Monoxide     (Incomplete  4,450  IJ  S.76 

Combustion) 
C+20=C0,  Carbon  Dioxide  (Complete  Com- 

bustion) 14.finii  2S  11.52 

CO  +  0=CO,  Carbon  Dioxide  4,.350«  J  2  47 

Hydrogen  H  1  2H-I-0  =  H,0  Water  62,000  8  34  58 

Sulphur  S  32  S+20  =  SO,  Sulphur  Dioxide 

S  +  3  O  =  SOj  Sulphur  Trioxide 

Ox>gen  O  16  

Nitrogen  N  14  

•This  figure  is  correct  and  replaces  the  10.150  given   in  the   Apr.   22   issue. 

plied  to  every  particle  of  the   carbon,   combustion   will  This  means  that  the  CO  or  carbon  monoxide  combines 

be  complete ;   if  not,   some  of   the  carbon   will  be  only  with  oxygen  in  the  proportion  of 
partially  burned.  C   +   0  to  0 

Taking  up  incomplete  combustion  first,  the  formula  in  13  +  16  to  16  =  28  to  16 
t'ol.  4  is  or  1  to  "If,  which  equals  1  to  i .  Thus,  for  every  pound 
C  +  0  ^  C  0  of  fo  burned  4  of  a  pound  of  oxygen  is  required. 
This  means  that  the  carbon  combines  with  the  oxygen  The  product  of  the  combustion  of  CO  is  a  gas  called 
in  the  proportion  by  weight  of  12  to  16,  because  those  carbon  dioxide,  which  has  the  chemical  symbol  CO,, 
are  the  combining  weights  of  the  two  elements.  This  The  name  dioxide  is  built  up  in  a  manner  similar  to 
reduces  to  1  to  IJ.  Hence,  for  every  pound  of  carbon  in-  monoxide,  the  prelLx  di  meaning  two  or  two  parts.  Thus, 
completely  burned  1^  lb.  of  oxygen  are  required.  If  27  carbon  dioxide  means  one  part  of  carbon  combined  with 
lb.  of  carbon  were  incompletely  burned  the  amount  of  two  parts  of  oxygen.  By  "parts"  it  must  be  remembered 
oxygen  used  would  be  36  lb.,  because  the  proportion  of  we  mean  "chemical  parts,"  i.e.,  combining  weights  as 
27  to  36  is  the  same  as  12  to  16  or  1  to  1},.  The  figur-  sho\vn  in  Table  I  and  explained  before.  The  weight  of 
ing  is  just  the  same  for  all  other  quantities  of  carbon  CO,  formed  by  the  combustion  of  CO  is  found  by  add- 
no  matter  whether  the  amount  is  a  fraction  of  an  ounce  ing  the  weight  of  CO  burned  to  the  amount  of  oxygen 
or  thousands  of  tons.  required  according  to  the  formula.     Thus,  if  6  lb.  of  CO 

The  product  of  the  incomplete  combustion  of  carbon  were  burned  to  CO^  the  weight  of  CO^  formed  would  be 
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Weight  of  CO  burned 6  lb. 

Weight  of  oxygen  required  6x^ 3^  lb. 

Weight  of  carbon  dioxide  formed Qylb 

If  sufficient  air  is  supplied  iu  the  first  place  so  that 
each  particle  of  carbon  can  unite  with  all  the  oxygen  it 
desires,  complete  combustion  results,  the  formula  for 
which  follows : 

C  +  2  0  =  CO, 
This  means  that  the  carbon  unites  with  the  oxygen  in 
the  proportion  of 

C  +  2  0  =  COj 
12  +  2   (16)   =  44 
producing  f^  =  Sj  lb.  of  COj  for  every  pound  of  carbon 
burned.     Every  jjound  of  carbon  when  completely  burned 
requires  f  |  =  2^  lb.  of  oxygen. 

Combustion  of  Hydrogen 
When  carbon  is  burned,  part  of  it  may  be  burned  com- 
pletely to  form  CO2  and  the  rest  may  be  only  partly 
burned  to  form  CO.  This  is  not  true  of  hydrogen.  The 
hydrogen  either  burns  completely  or  not  at  all.  Thus,  if 
not  enough  air  is  supplied  for  a  given  quantity  of  hydro- 
gen, part  of  the  hydrogen  (enough  to  use  up  all  the  oxy- 
gen in  the  air  supplied )  burns  completely  and  the  bal- 
ance does  not  burn  at  all. 

The  formula  for  the  combustion  of  hydrogen  is 

2  H   +   0  =   H3O 
According  to  Table  I,   Col.   3,  the  combining  weight 
of  hydrogen  is  1,  that  of  oxygen  16,  the  same  as  in  all 
other  cases.     Thus,  substituting  in  the  formula,  we  have 
2   H  +   0  =   H,0 
2  (1)  -t-  16  =  18 
It  requires  then  1^-  =   8  lb.  of  oxygen  for  the  com- 
plete combustion  of  every  pound  of  hydrogen  burned,  and 
the  weight  of  the  product  formed  is  Jj"  =  9  lb. 

The  product  formed  by  the  combustion  of  hydrogen  is 
water  (HjO)  in  the  sha])e  of  highly  superheated  steam. 
This  steam  can  be  condensed  just  the  same  as  steam 
made  directly  from  water  can  be  condensed  back  into 
water  again. 

Sulphur  burns  with  oxygen  and  forms  SO,  in  much  the 
same  way  that  carbon  burns  to  form  COj.  The  formula 
is 

S  +  2  0  =  SO, 

32  +  2   (16)    =   64 

From  this  it  will  be  seen  thai 

11  =  1  '!'■ 

of  oxygen    is  required  for  the  combustion  of  every  pound 

of  sulphur  and  that 

3  2    ~   -  tu. 
of  sulphur  dioxide  arc  formed. 

Suli)hur  will   also  combine  ai'corrling  to  this  formula 
S  +  3  O  =  S(),j 
Here  14  "'•  'ii"rc  nf  oxygen  is  required  for  combustion. 
These  ))roducts  (SO,  and  SO..j)  easily  combine  with  water 
and  form  sulphurous  and  sulphuric  acid  as  follows: 
SO.,  +  TI.,0  =  H.SO,, 
SO,"  +   H.^0  =   H,SO, 
These  acids  strongly  attack  iron  anil  hence  do  injury 
to  flues  and  chimneys  made  of  that  material. 

As  pointed  out  previously,  the  heat  value  <>(  sul- 
phur is  so  low  and  the  percentage  of  sulphur  found  in 
tlie  average  grade  of  coal  is  so  small  that  we  can  easily 
alford  to  neglect  it  comi)letely  in  o\ir  calculations. 


OVER 

Ji;ST      JESTS, 

THE    SPILLWAY 

JABS,     JOSHES      AND     JUMBLES 

Had  case  of  an  engine  running  away  (from  the  owner) 
happened  near  Pittsburgh  recently.  Footprints  in  the  snow 
showed  that  the  operators  had  loaded  the  600-lb.  engine  into 
a  wagon  and  skipped  with  it.  Must  be  trying  to  prejudice 
the   owner   against    the   isolated   plant. 

You  should  eat  more  onions,  advises  the  Department  of 
Agriculture,  thus  reducing  the  cost  of  eats.  It  will  also  tell 
you  where  you  can  locate  a  supply  cheap.  It  needs  no  Burns 
to  find  the  whereabouts  of  the  average  healthy  onion:  it 
speaks  for  itself.  A  hunk  of  rye  bread,  a  rosy-cheeked 
Bermuda,  a  Ponderosa  and  a  can  of  suds  are  nourishing  some 
of    our    hardest-working    citizens. 

Next  time  you  are  under  the  knife,  insist  on  getting  old 
Doc.  Greene's  automatic  metal  rivet,  and  take  no  other. 
These  rivets  can  be  applied  to  the  edges  of  the  wound,  and 
instead  of  the  old  stitching,  can  be  laced  or  unlaced  to  suit 
the  convenience — of  the  doctor.  May  be  a  shop  kink  in  the 
use  of  the  stay-bolt,  if  Doc.  finds  his  way  to  experiment  with 
it. 


"Gas  Review"  has  an  article  written  by  Clam  on  gasoline 
engines.  Can  our  old  French  friend.  Colonel  Be  Paty  du 
Clam,  have  forsaken  the  nine  gods  of  war  to  follow  a  peace- 
ful trade?  Us  technical  papers  will  spend  any  amount  of 
money  to  get  the  best   there   is.     Anybody  here   know  Clam? 

Folks  to  home  have  always  reckoned  that  the  Vice-Presi- 
dent was  merely  a  bench-warmer,  just  couldn't  get  into  the? 
game  unless  the  Big  Pitcher  was  taken  out  of  the  box.  Not 
so  with  T.  Riley  Marshall;  he's  one  lively  little  man,  and  a 
rooter  from  Rootersville.  "Baseball  diamond  dirt  is  clean 
dirt,"  says  T.  Riley,  "and  that's  more  than  a  Democrat  can 
say   for  all   the   diamonds   in   America." 

"When  one  gets  to  love  work,  his  life  is  a  happy  one," 
says  Ruskin.  Are  you  ready  for  the  question?  Those  in 
favor — (delegate  wakes  up  in  time  to  shout  "i";  thinks  he's 
voting  for  the  8-hr.  law).  Contrary  minded;  NO!  The 
"noes"   have  it  by  976  to  1.      Move  we  adjourn! 

The  proposed  tariff  may  help  a  bit.  On  meats  it  calls  for 
a  50  per  cent,  reduction;  dead  poulti-y  (no  time  limit  given) 
30.  and  prunes  50;  very  little  was  squeezed  out  of  lemons, 
and  butter  and  cheese  are  still  going  strong;  beans  and 
cream  and  pickles  and  honey  come  down  some;  also  mush- 
rooms and  cider  and  grapes  and  poi-k;  also  oranges  and  tal- 
low; starch  stays  pretty  stiff.  Buckwheat  and  shoe  ma- 
chinery go  on  the  free  list.  Some  of  these  foodstuffs  are 
high  yet  to  our  way  of  thinking,  but  you  can't  handle  a  tariff 
bill  too  carefully,   even   if  it   never   passes. 


The  flUums  now  include  steam  as  a  fitting  subject  for 
both  interest  and  education.  A  photoplay  has  been  written 
around  the  early  struggles  of  Walt  and  Stephenson.  Un- 
doubtedly there  is  a  future  for  popular  science  in  the   movies. 

"It  is  easier  to  live  on  $15  a  week  than  on  $15,000  a  year." 
says  a  writer.  Without  the  Missouri  test,  this  is  liunk. 
Will  some  power-plant  fireman  kindly  step  up  on  the  plat- 
form and  tell  the  audience  what  he  thinks  about  it?  This 
way,    please. 

"When  excessive  water  ram  occurs  In  riveted-steel  pipe, 
the  riveted  joints  open  up  slightly  by  a  momentary  stretch- 
ing of  the  rivets,  or  yield  In  other  parts,  within  the  elastic 
limit,  and  allow  water  to  escape  from  the  joints.  If  the 
excess  pressure  is  not  too  great  and  too  long  continued,  the 
pipe  comes  back  to  Its  original  size,  and  Is  as  tight  as  be- 
fore."— New  KIngland  Water  Works  Association  Proceedings, 
Vol.   2.';,   page   39. 

Why  not  use  these  "clastic"  rivets  In  horizontal  return 
tubular-boiler  construction  and  thus  make  every  boiler  its 
own  safety  valve? 
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Power  Matters  in  Textile   Mills* 


By  F.  W.  1Ji:axN 


SYNOPSIS — The  turbine  vs.  the  reciprocating  engine, 
fire-tiihe  vx.  water-tube  boilers  and  piirrhaxed  power  vs. 
a  plant  at  the  mill. 

The  question  constantly  arisi-s  a.-*  to  whether  it  is  best 
to  inircha.se  turbines  or  reciprot-ating  engines.  This  must 
(Ifpend  upon  tlie  original  costs,  the  space  occupied,  tlie 
relative  economies  when  new,  the  maintenance  of  economy 
after  operation  l)cgins,  the  reliability  and  the  repairs. 

ImTI.VI,  Co.sT  .VXD   i"'l.()()H   Sr-ACH 

In  Table  1  are  given  prices  to  be  expected  at  this  time 
of  several  units  of  each  kind  of  prime  mover.  These  are 
for  sizes  in  which  the  kilowatts  are  real  out])uts  at  H(>  per 
cent.  ])owcr  factor. 

TABLE  I.     COSTS  OF  AND  SPACE;  OCCIPIKI)  BY  VAHIOIS  SIZKS 
OF  RECIPROCATINC;  ENGINES  AND  TIRBINES  WITH  CONDENS- 
ING APPARATUS  AND  EXCITERS.  AI-I.  ERECTED.  I.\- 
CI.l'DING  FOUNDATIONS 
(CapaciticH  given  in  real  uutpuU) 
Horizontal  - 
Capacitiett  -i-Valve  Horizontal  Space  Occupied 

Kw.  EnKinefl  Tiirbinoa  Enftinett  Turbines 

.VX)  $22,70rj  $12,2.50  18x20  ft.  14x«  ft. 

KKK)  40,200  17,9fK)  24x30  ft.  l4xS  ft. 

1300  U2,2O0  23,800  2«x3.5  fl.  1(1x9  ft 

20(KJ  7(1,400  30„t00  28x37  ft.  21x9  ft. 

From  this  table  it  i.s  evident  that  the  coiii|)ari.son  is 
wholly  in  favor  of  the  turbine.  The  relative  economies 
to  be  expected  from  the  two  types  are  given  in  Table  2. 

TABLE  2.     STEAM  CONSUMED  PER  KILOWATT-HOUR.  PRESSURE 
laj  LB. 

EnKJnc  Turbine 

Saturated    Steam      Superheat  KKI  Deg.  Superheat  KXI  Dcr. 

Guaranteed  per        F.  Guaranteed  per  F.  Guaranteed  jjcr 

CapaciticB,  Kw.            Kw.-hr.,   lb.                  Kw.-hr.,  lb.  Kw.-hr.,  lb. 

■M)                            IS  67                               111  8  17  7 

lUOO                             18.8(J                               lU  9  18.0 

UM.)                              18  80                                  Hi  9  10  8 

2000                               18  93                                  17  0  16.8 

Vacuum  20  in.  Vacuum  28  in. 

Apparently  there  is  little  to  choose  in  the  economy  of 
one  type  of  prime  mover  over  the  other.  It  is  said  that 
an  e.xperimental  turbine  of  10,000  kw.  capacity  has  been 
tested  that  used  12.;).5  lb.  of  steam,  superheated  100  deg. 
F.,  per  kilowatt-hour  and  there  is  every  probability  that 
the  lurbiii;!  will  be  improved. 

-M.VIXTENANCK 

Concerning  the  maintenance  of  economy  it  is  well 
known  that  the  best  reciprocating  engines,  with  either 
Corliss  gridiron  or  poppi^t  valves,  maintain  their  economy 
for  years,  and  that  the  blades  or  l)uckets  of  turbines  have 
been  eroded  by  the  steam  as  it  passes  over  them.  There 
are  instances  of  this  erosion  being  sufficient  to  make  the 
replacement  of  blades  necessary,  as  there  was  a  great  fall- 
ing off  in  economy.  Blades  have  eroded  so  rapidly  in 
some  cases  that  it  has  been  necessary  to  replace  a  set 
at  a  cost  of  several  thousand  dollars  in  five  years.  Il 
appears  to  depend  largely  upon  the  material  of  which  the 
blades  are  made,  and  improvements  in  this  respect  have 
heen  made  and  are  being  made.  Turbines  are  not  strip- 
))ing  blades  nowadays  as  they  did  a  few  years  ago.  Re- 
liairs  in  other  respects  than  this  are  slight,  much  less, 
in  fact,  than  with  piston  engines,  and  in  many  cases  no 
blade  replacements  have  been  needed. 

•.\bstract  of  a  paper  read  before  the  National  Association 
of  Cotton  Manufacturers,  Boston,  Apr.  24. 


High  VAcunii  for  Exgixes  DEf;iRABLE 

Turbines  are  always  provided  with  condensing  apjiar- 
atus  of  sutHcient  capacity  to  give  a  vacuum  of  at  lea.«t 
28  in.  It  is  assumed  by  all  operating  engineers  that  a 
vacuum  of  anywhere  from  23  to  27  in.  is  desirable  for  a 
reciprocating  engine,  the  reason  being  that  there  is  more 
economy  in  obtaining  feed  water  from  the  conden.ser  di>- 
cliarge  witii  the  higher  temperature,  due  to  a  poor  vac- 
uum, than  there  is  with  the  lower,  due  to  a  high  vacuum. 
This  belief  may  have  had  some  truth  in  the  days  when 
the  air  and  feed  pumps  were  worked  from  the  main  en- 
gine, and  when  separate  steam-driven  auxiliaries  were  imt 
used,  the  exhausts  of  which  are  now  used  for  heating  feed 
water,  and  when  also  other  means  of  heating  boiler  fec<l 
were  not  known   or  used. 

-A.t  the  present  time  this  idea  is  a  mistake.  It  will  al- 
ways be  found  that  a  condensing  engine  with  a  high  vac- 
uum is  more  economical  than  one  with  a  low  vacuum, 
not  only  in  steam  consumption,  but  in  coal  coiisum])ti<i]i. 
es])ecially  when  the  feed  water  is  not  taken  from  the  con- 
denser discharge.  The  other  belief  seem.-:  to  be  world 
wide,  and  apparently  has  been  lianded  down  from  the 
distant  ])ast. 

The  turbine  is  usually  given  the  benefit  of  sui>crlicatcd 
steam,  but  it  appears  to  be  claimed  both  by  turbine  and 
engine  builders  that  about  1  per  i^ent.  of  .steam  is  saved 
for  each  10  deg.  F.  of  superheat. 

It  should  not  he  overlooked  that  the  most  economical 
steam  engine  is  the  noncondensing  engine,  the  exhaust 
steam  of  which  is  utilized,  and  in  this  applit^ation  the 
turbine  shares.  It  is  not  as  economical  when  noncon- 
densing as  the  engine.  In  other  words,  it  produces  more 
exhaust  steam  for  the  same  power,  Vnit  if  this  is  all  utilized 
it  makes  no  ditTerence.  The  turbine  also  shares  with  the 
compound  engine  the  opportunity  to  draw  steam  for  man- 
ufacturing ])ur])oses  between  the  expansion  stages. 

There  is  an  im])orlant  application  of  the  turbine  that 
is  not  shared  by  the  ])iston  engine.  This  is  the  exhaust- 
steam  turbine.  While  the  economy  of  the  piston  engine 
would  be  improved  by  a  high  vacuum,  recently  low-pres- 
sure turbines  have  been  placed  between  the  low-pressure 
cylinder  and  the  condenser,  simultaneously  with  an  im- 
provement in  the  vacuum.  The  turbine  lends  itself  to  this 
ai)p]ication  better  than  a  piston  engine,  for  to  obtain  a 
similar  result  with  the  engine,  an  enormous  low-pressure 
cylinder  would  be  required.  Low-pressure  turbines  can 
operate  with  the  collected  exhausts  of  any  number,  kind 
and  size  of  engines,  and  high  economy  is  sure  to  result. 
Moreover,  the  mi.xed-pressure  turbine  will  be  automatical- 
ly supplietl  with  live  steam  as  the  supply  of  exhaust 
steam  diminishes  or  fails. 

Steam  turbines  practically  cannot  be  ajiplied  to  direct- 
current  generators  unless  they  are  geared  so  that  the 
generator  speed  is  reduced  to  diminish  commutator  dilfi- 
culties.  While  turbines  for  direct-current  generators  are 
made,  the  contemplation  of  a  turbine  presupposes,  or- 
dinarily, alternating  current.  Further,  the  adojjtion  of  a 
turbine  carries  with  it  the  tise  of  electricity  in  driving 
shafting  or  machine.':  directly,  that  is,  in  groujis  or  in- 
dividually as  the  case  demands. 


Mav  (i,   1:M 


1'  0  W  K  R 


fir,  I 


Bklt,  Hope  and  Elec'TIjic  Duivks 

If  a  mill  pennits  the  application  of  a  pistou  engine 
vitli  simple  straight  belt  or  ro|)c  di-iws,  this  is  a  more 
■Hiiient  method  of  driving  than  by  clcctriiitv.  If  the 
ri\ us  are  indirect  the  friction  loail  may  be  as  nuuh  as 
K)  to  50  per  cent.,  and  electricity  is  tlie  more  efficient. 

There  are  advantages  in  electrical  driving,  among  which 
nay  be  mentioned  smaller  space  occupied  by  the  prime 
nover,  absence  of  a  belt  tower,  head  shafts,  pulleys  and 
jelts  or  ropes,  any  amount  of  subdivision  of  drives  wiih 
!ie  resulting  opportunity  of  shutting  down  groups  of  nia- 
hinery,  the  application  of  motors  to  separate  machines, 
i:id  the  measurement  of  the  power  which  a  motor  gives 
ut.  It  is  said  that  efficient  variable-s])eed  motors  will 
<(.i)n  be  in  the  nuirkt't,  and  these  will  be  a  convenience. 

In  the  above  advantages  that  of  an  increased  output 
)\  electrically  driven  nuu-hinery  is  not  included.  It  is 
possible  to  understand  how  machines  driven  by  electric 
motors  can  go  either  faster  (jr  steadier  than  those  driven 
)y  belts.  If  there  has  been  an  ineiease  in  product  in 
any  case  it  must  lia\e  l)een  diw  to  removable  defects  of 
the  original  (Iii\c.  It  is  evident  that  this  must  be  so  in 
an  extended  grou])  drive,  for  there  is  little  or  no  diminu- 
tion in  the  numlier  of  belts  used.  It  would,  therefore, 
only  be  in  individual  dri\cs  lluit  the  increase  would  exist 
[and  here  there  is  nn  reascju  \\  by  the  belt  cannot  do  wbat- 
'cver  the  nuitor  can. 

In  general-,  file  advantages  of  electricity  are  such  that 
it  is  ])robable  it  will  be  used  universally  in  the  early  future 
fo;'  driving  textile  mills.  One  reason,  not  thus  far  men- 
tioned, is  that  it  permits  a  central  steam  plant  to  be  used 
under  all  ( ireumstances,  and  this  adds  to  efficiency  and 
minimum  charges  of  all  kinds,  especially  in  an  overgrown 
mill  having  several  steam  plants.  A  further  considera- 
tion of  the  matter  leads  to  the  inevitable  conclusion  that 
prime  movers  in  textile  mills  will  be  steam  turbines  op- 
erated by  superheated  steam  of  rather  high  ])ressure.  The 
economy  of  turbines  is  increasing  and  is  likely  to  surjjass 
that  of  piston  engines. 

In  bad-water  districts  the  fact  that  turbines  use  no  oil 
in  the  working  steam  is  a  great  advantage,  for  with  sur- 
face condensers  the  pure  wafer  from  the  eoiulensed  steam 
can  be  usimI  in  the  boilers  and  thus  avoid  the  boiler 
troubles  that  come  from   bad   water. 

TnK   Boii.Ki;   ri.ANi' 

Fire-tube  boilers,  cither  vertical  or  horizontal  return 
tubular,  are  chea])er  to  build,  are  more  economical,  more 
easily  cleaned,  and  safer  than  water-tube  boilers.  To  the 
writer's  knowledge  no  horizontal  it^t urn-tubular  boiler 
built  with  butt  joints  has  exploded,  nor  has  any  straight 
or  conical-shell  vertical  boiler  with  such  joints  exploded. 
There  have  been  many  disastrous  exjjlosions  of  water- 
tube  boilers. 

Water-tube  boilers  have  tubes  exi)anded  into  drums, 
and  have  in  these  drums  structures  in  unstable  form 
likely  to  (hange  shape  with  variations  in  temperature. 
This  causes  the  plates  to  bend  back  ami  forth  in  the 
weakest  place,  thus  causing  a  likeliiiood  of  rupture  in  the 
same  manner  as  in  the  case  of  shells  with  lap  joints. 
Water-tube  boilers  have  from  two  to  four  drums,  and  each 
one  of  these  is  more  likely  to  explode  from  the  effects  of 
distortion  than  the  well  balanced  shell  of  a  horizontal  or 
Vertical    fire-tube   boiler. 

The  eeonoiTiy  of  the  fire-tube  type  is  greater  than  of 


the  water-tube,  because  the  tubes  can  be  kept  cleaner,  be- 
cause they  are  as  clean  on  the  fire  sides  when  old  as  when 
new,  because  they  do  not  short-circuit,  and  because  they 
are  not  partially  covered  up  by  baffle  tiles.  Another  im- 
]iortant  reason  for  greater  economy  is  that  water-tube 
boilers  have  several  doors  and  clean-out  holes  in  the  brick- 
work, and  these  leak  air,  especially  after  the  boilers  have 
been  in  use  some  time.  This  cools  the  gases,  reduces  the 
economy  of  the  boiler  and  also  that  of  the  economizer 
if  one  is  used. 

Concerning  the  safety  of  fii'e-tube  boilers,  the  butt  joint 
has  done  much,  but  such  joints  with  the  outside  covering 
plate  narrower  than  the  inside  are  not  ideal,  and  boiler- 
makers  should  abandon  them  and  vise  covering  plates  of 
equal  widths. 

In  large  mills  the  use  of  large  boilers,  say  of  400  or 
500  hp.  instead  of  150  to  200  hp.,  should  be  encouraged. 
The  large  boilers  are  just  as  safe,  slightly  more  economi- 
cal, take  up  less  room,  reduce  the  number  of  steam  pipes, 
blowoff  pipes,  stop  valves,  blowoff  valves,  feed  valves, 
water  columns,  steam  gages,  and  reduce  the  amount  of 
brickwork  and  pipe  covering. 

The  use  of  stronger  draft  and  more  rapid  combustion, 
with  the  object  of  reducing  the  number  of  boilers  and 
firemen  is  to  be  encouraged,  as  the  number  of  boilers  in 
some  mills  is  absurdly  large,  t'oal  can  be  properly  burned 
at  a  rapid  rate  as  at  a  slow  rate.  It  is  merely  a  question 
of  adaptation  of  the  metlioil  of  firing,  and  firemen  can 
lie  as  well  schooled  to  lire  for  rapid  combustion  as  for 
slow. 

l'ri;(insi;ii    I'dWi:!; 

The  outside  cenlral-statinn  cnnipanies  are  making  active 
efforts  to  sell  electric  power  to  textile  mills  as  well  as  to 
mills  and  factories  of  other  kinds.  The  price  is  given  at 
so  much  per  kilowatt-hour  at  the  mill  switchboard.  They 
are  especially  anxious  to  do  this  because  it  keeps  a  plant 
the  size  of  which  is  determined  by  the  night-lighting  re- 
quirements, from  earning  next  to  nothing  during  the  day- 
time and  they  consequently  are  able  to  make  low  prices. 
Comparing  the  cost  of  producing  power  in  mills  with  the 
cost  of  purchased  power,  the  author  has  invariably  found 
that  it  is  advantageous  for  the  mill  to  produce  its  own 
power.  In  textile  mills  it  is  more  advantageous  than  in 
most  other  kinds,  as  the  plants  are  usually  of  considerable 
size  and  adapted  to  the  most  economical  ])ro(lucti(ui  of 
I'/ower,  due  to  their  size  and  uniformity  of  load.  This  i.s 
particularly  the  ca.se  in  mills  where  considerable  steam 
is  used,  and.  es])ecially  where  exhaust  steam  can  he  used 
as  for  dyeing,  to  say  nothing  of  slashing  and  heating.  In 
such  mills  there  is  no  chance  for  jiurehased  power,  and 
in  mills  where  steam  is  used  for  power  and  heating  only, 
every  means  for  low  cost  of  ])o\ver  which  the  public  station 
can  use  is  available  to  the  mill  with  a  ])robability  of  more 
care  being  taken  in  operation. 

In  factories  where  the  ])ower  required  is  intermittent, 
and  the  shafting  friction  large,  as  in  a  boiler  shop,  pur- 
cha.sed  electric  power  is  advisjible,  unless  electricity  is  gen- 
erated in  some  other  part  of  the  plant  for  other  purposes. 
In  either  case  electric  individual  driving  is  advisable. 

The  balance  of  the  paper  was  devoted  to  an  analysis 
of  a  circular  giving  the  cost  of  power  as  produced  by  the 
Fitehburg  Yarn  Co.  This  was  given  as  $16.fi8  per  indi- 
cated horse])ower  per  year.  The  analysis  by  Mr.  Dean 
sliowed  that  a  reduction  to  $15.10  would  be  possible. 
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Clark  Centrifugal  Governor 

A  compact  form  of  governor  for  steam  or  hydraulic 
work  has  been  designed  by  C.  H.  Clark,  of  New  York 
City.  Its  action  depends  on  the  centrifugal  force  of  a 
pair  of  sectors  working  against  a  spring.  The  construc- 
tion is  showTi  in  the  accompanying  drawing.  The  edges 
of  the  sectors  pivot  in  the  lower  corners  of  a  casing  sur- 
roimding  the  governor  spindle.  The  proportions  are 
such  that  the  fulcrum  is  'Zyo  times  farther  from  the  cen- 
ter line  of  the  spindle  than  from  the  center  of  gravity 
of  the  weights.  The  teeth  of  the  arcs  mesh  with  a  rack 
at  the  base  of  the  spindle.    As  the  governor  revolves,  the 


Sectional  View  of  Govekxok  and  \alvk 

weights  tend  to  turn  out  and  thus  raise  the  governor 
spindle  against  the  downward  pressure  of  the  spring. 
The  upward  push  of  the  sectors  increases  with  the  speed 
of  the  governor  in  practically  a  straight  line  up  to  a  dis- 
placement of  nearly  80  deg.,  as  does  the  pressure  of  the 
opposing  spring.  The  construction  limits  the  displace- 
ment to  45  deg.  A  balance  between  the  two  forces  is 
thus  readily  efiected  and  regulation  within  i/'2  of  1  per 
cent,  from  no  load  to  full  load  is  obtained. 

The  movement  of  the  governor  spindle  controls  a 
throttle  valve  by  means  of  a  pin  designed  to  fit  an  open- 
ing through  the  valve  body.  The  upper  face  of  the  valve 
has  twice  the  area  of  the  lower  face.  When  the  pin 
closes  the  opening,  steam  admitted  through  the  small 
hole  at  the  side,  in  the  upper  disk,  builds  up  in  pres- 
sure and  forces  the  valve  to  its  seat.  As  the  pin  recedes 
from  the  opening  the  steam  above  the  disk  escapes  to  the 
discharge  side  of  the  valve,  and  allows  the  upward  pres- 
sure, which  is  now  in  excess,  to  open  the  valve.  As  a 
matter  of  fact,  the  valve  floats  on  the  line,  following 
closely  the  movement  of  the  pin.  The  two  do  not  come 
in  contact,  but  as  a  precautionary  measvire,  the  opening  is 
made  a  shade  larger  than  the  diameter  of  the  pin  so  that 
there  can  be  no  interference  with  the  action  of  the  gov- 
ernor. 

For  a  quick-opening  throttle  or  hand  operation  of  large 
steam  and  water  valves  this  same  construction  is  recom- 
mended and  has  been  applied  in  some  cases  by  the  in- 
ventor. 


Standards  for  Ventilation  Legislation! 

The  report  of  the  committee  appointed  by  the  Ameri- 
can Society  of  Heating  and  Ventilating  Engineers  lasi 
year  to  formulate  standards  for  ventilation  legislation  foil 
motion-picture  show  places,  and  presented  at  the  last  an- 
nual meeting  of  the  society  in  New  York  City,  has  just 
been  approved  by  a  mail  ballot  of  the  members.  The  re- 
port has  been  printed  and  is  being  distributed  among  th< 
members. 

The  society  has  on  hand  a  generous  supply  of  this  re- 
port in  printed  form  at  its  headquarters,  29  West  Thirty- 
niuth  St.,  New  York  City,  and  will  be  glad  to  furnisfc 
free  copies  to  all  engineers,  boards  of  health,  town  coun- 
cils, ventilation  inspectors  and  others  interested  in  the 
subject  of  proper  ventilation  of  motion-picture  shoTS 
places. 


Modern  Pumping  Units  for  Steel 

Mills 

By  C.  a.  Ti-ppER 

In  the  accompanying  illustration  is  shown  a  very  good 
e.xamiile  of  the  modern  motor-driven  centrifugal  pumps, 
tor  handling  large  volumes  of  water  daily,  which  are 
ing  installed  by  large  industrial  establishments  through- 
out the  country.    This  unit  was  built  for  a  steel  mill. 

The  pump,  which  has  a  snail-shell  casing,  is  of  the 
single-stage,   double-suction  type.     Its  working  head 
about  l'-i5  ft.     Operating  at  normal  speed,  it  will  deliver 


Lai!(;e  ilitroK-DiiivKx  Prjip 

25,000,000  gal.  of  water  during  2-t  hours'  continuous  ser- 
vice, and  if  speeded  up  its  capacity  is  considerably  greater. 
On  test  this  approached  30,000,000  gal.  The  operation 
of  the  entire  unit  is  exceptionally  smooth,  all  end-thrust 
being  eliminated  by  an  arrangement  in  the  design  which 
admits  water  from  both  sides,  directly  opposite  the  cen- 
ter of  the  revolving  impeller,  thus  creating  a  balanced 
suction. 

The  efficiency  of  such  a  pump  is  dependent  largely  up- 
on the  velocity  imparted  by  centrifugal  force  and  the  ex- 
tent to  which  the  kinetic  energv'  can  be  converted  into 
pressure  as  the  water  leaves  the  impeller,  its  force  be- 
ing the  greatest  at  that  instant.  Accordingly,  the  most 
important  improvements  in  the  designing  of  large  cen- 
trifugal pumps,  both  in  the  United  States  and  abroad, 
have  been  in  the  shaping  and  arrangement  of  fixed  dif- 
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fusion  vaues  to  so  guide  the  water  that  its  velocity,  as  it 
leaves  the  impeller,  is  converted  into  the  maximum  of 
pressure  wilh  the  least  possible  disturbance  to  its  flow. 

lu  the  pump  illustrated,  the  provision  made  for  this 
is  in  line  with  the  latest  tendencies  of  American  and 
European  designs,  although  (Jerman  engineers  are  work- 
ing on  a  similar  unit  having  movable  diffusors. 

It  is  interesting  to  note  that,  while  the  impeller  shaft 
was  made  from  an  openhearth  steel  forging,  it  was  de- 
cided, with  the  quiet  operation,  that  the  casing,  impeller, 
etc.,  could  be  of  a  good  grade  of  close-grain  cast  iron. 

The  motor  driving  this  pump  is  of  the  wound-rotor  in- 
duction type,  which  permits  of  variable  speed.  This  is 
particularly  important  for  starting.  It  operates  on  three- 
phase,  25-cycle  current,  at  a  potential  of  440  volts,  and 
normally  develops  750  hp.,  with  large  overload  capacity. 


Marine  Engineers'  Dinner 

Over  200  attended  the  eighteenth  annual  dinner  of  the 
Marine  Engineers'  Beneficial  Association,  No.  33.  at  the 
Broadway  Central  Hotel,  New  York  City,  April  23,  1913.  Na- 
tional President  'William  F.  Yates  presided  as  toastmaster 
and  after  a  few  words  of  welcome  introduced  Thomas  McGill, 
secretary  to  the  new  dock  commissioner,  the  Hon.  R.  C.  H. 
Smith.  In  behalf  of  the  commissioner,  Mr.  McGill  told  some- 
thing- of  the  aims  and  plans  of  the  Commission,  particularly 
with  respect  to  the  improvements  in  the  dockage  facilities 
for   the   Trans- Atlantic    liners. 

The  remainder  of  the  evening's  entertainment  was  in  the 
form    of   song   and   story,    a   very    interesting-    proe:ram    having 


To  Reorganize  Northern  Colorado 
Power  Co. 

The  plan  of  reorganization  of  the  Northern  Colorado 
Power  Co.,  which  was  offered  by  Vice-President  Chambers  of 
the  Electric  Properties  of  New  York,  to  the  executive  com- 
mittee of  Denver  stockholders'  association  and  which  calls 
for  a  reduction  of  bonded  indebtedness  and  reissuance  of 
new  stock  for  that  now  outstanding,  is  reported  to  have 
been  rejected  by  the  Denver  committee. 

It  was  stated,  however,  that  Mr.  Chambers  had  two  other 
plans  of  reorganization  to  offer  at  the  stockholders'  annual 
meeting  on  .\pril  24.  Under  the  plan  that  was  submitted  the 
bonds  would  be  reduced  from  $2,500,000  to  $2,000,000,  and  to 
compensate  the  bondholders  for  this  reduction  they  would 
receive  new  common  stock  to  the  amount  of  20  per  cent,  of 
their  holdings.  The  new  stock  issue  will  be  the  same  as  at 
present — $1,000,000  6  per  cent,  preferred  and  $2,000,000  com- 
mon. 


Central  States  N.  A.  S.  E.  Conventions 

The  Central  States  Exhibitors  Association  will  have 
charge  of  the  exhibit  at  one  more  state  N.  A.  S.  E.  con- 
vention   this    year,    Ohio    being    the    additional    one. 

Following  are  the  convention  cities,  dates,  official  head- 
quarters,   hotels   and    hotel    rates: 

Kentucky,  Hopkinsville,  May,  7,  8,  9,  Hotel  Latham,  .-Vmer- 
ican  plan  $2  to  $3  per  day. 

Missouri,  Springfield,  May,  14,  15,  16,  Metropolitan  Hotel, 
American    plan,    $1    up    per    day. 

Iowa,  Burlington,  May  21,  22,  23,  Hotel  Burlington,  Eu- 
ropean  plan,    $1.50   to   $3   per   day. 

Illinois.  Rockford,  May,  28,  29,  30,  The  Nelson  Hotel, 
American   plan.    $2.50   up   per  day. 
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been  arranjred 
tertalned  were  th 
Armour.  Billy  Mui 
O'Conncll. 


Frank  Martin.  Amonpr  those  who  en- 
Dlxie  female  quartet,  Herbert  Self,  Jack 
i.v,  Jim   Devins,  Joe  McKcnna  and   Miguel 


A  19x21  Lentz  engine  Is  said  to  have  made  a  record  of 
IG  Ui.  of  steam  per  Indicated  horsepower-hour  upon  the  test- 
loK  floor  of  the  Erie  City  Iron  '^Vorks.  Its  builders.  The  Ini- 
tial pre.isure  was  125-lb.  gage,  superheat  200  degrees  and  the 
exhaust    Into    the    atmosphere. 


Indiana,    Terre    Haute,    June.    4.    5. 
American  plan,  $3  up   per  day. 

Ohio,  Toledo.  June,  11,  12,  13,  Bood 
$1.50    up    per    day. 

Michigan,    Grand    Rapids.    June,    18.    19, 
European    plan.    $1.60   up   per   day. 

Wisconsin,  Milwaukee,  July,  9,  10,  11, 
American  plan,  $2.50  up  and  European 
day. 


G.    Terre    Haute    House, 
House.  European  plan. 


20,   Hotel   Pantllnd, 


Republican   House, 
plan.    $1.50    up    per 


Minnesota,   Duluth,   July, 
ropean   plan,   $1   up  per  day. 


IB,    17,    IS,    Hotel    Spauldlng,    Eu- 
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Difficulties  of  Running  a  Power  Plant 

1.  K.  i\loultrop,  the  nif clianu-al  cngiiifer  of  the  Kdison 
electrical  plant,  gave  an  informal  talk  before  the  Massa- 
chusetts Institute  of  Technology  student  branch  of  the 
American  Society  of  Mechanical  Engineers.  His  subject  was 
"The  Difficulties  of  Running  a  Power  Plant,"  which  he  se- 
lected for  the  especial  benefit  of  the  seniors,  who  are  now 
making   a    power-plant    design. 

Some  of  the  points  taken  up  were  the  difficulties  of  boiler 
setting,  uses  of  the  economizer,  condensers,  mechanical  stok- 
ers, automatic  conveyors  for  coal  and  ashes,  and  steam  pip- 
ing. Mr.  Moultrop  said  that  economizers  should  not  be  used 
without  a  fan.  They  are  also  of  no  use  in  small  plants  where 
the  load  is  variable,  but  are  especially  well  adapted  to  large 
plants  where  the  load  is  steady.  He  also  took  up  the  ad- 
vantages and  disadvantages  of  mechanical  stokers.  With 
good  apparatus  it  is  possible  for  one  man  to  tend  from  four 
to  eight  boilers.  The  saving  made  in  this  way  is  enough  tci 
offset    the    overhead    expense. 

The  talk  was  very  informal,  being  more  like  a  con- 
ference than  a  lecture.  Many  questions  were  asked,  and 
everything  was  explained  with  much  clearness.  The  speaker 
was  a  man  of  great  personality,  the  ideal  engineer,  and  the 
members  of  the  society  all  felt  that  they  had  benefited 
greatly   from   the   talk.— •'Tech." 


Experience  for  Seattle  Students 

An  example  of  the  very  practical  nature  of  the  power- 
plant  engineering  courses  of  the  Seattle  Engineering  School 
is  given  by  the   following  incident: 

The  Tacoma-Roche  Harbor  Lime  Co.'s  vessel,  the 
"Archer,"  had  been  tied  up  for  a  number  of  days  because  its 
300-hp.  gas  engine,  operating  with  a  producer-gas  plant 
which,  at  the  time  it  was  installed  a  few  years  ago  was 
claimed  to  be  the  largest  producer  gas  plant  in  the  world 
and  is  now  the  largest  on  the  Pacific  Coast,  was  badly  out  of 
order,  owing  to  the  difficulty  in  securing  competent  men  to 
operate  it  and   keep  it  in   working  condition. 

Responding  to  the  request  of  the  president  of  the  lime 
company,  the  school  sent  its  gas  engineer  and  a  crew  of  ad- 
vanced students  in  gas  engineering  to  the  "..\rcher."  They 
overhauled  the  producer  plant  and  engine,  found  the  troubles 
and  corrected  them,   and  soon  put   the  vessel   into  commission. 

Incidentally,  one  of  the  students  who  assisted  in  the  work 
was  employed  by  the  lime  company  to  operate  the  "Archer's" 
gas  producer,  and  he  is  now  regularly  with  the  ship.  This 
also  shows  the  great  need  of  competent,  trained  gas  engi- 
neers on   Puget  Sound. 

Report    Regarding  Keokuk   Plant 
False 

A  New  York  newspaper  recently  announced  that  work  had 
stopped  on  the  Keokuk  hydroelectric  plant,  though  the  proj- 
ect was  but  halt  completed.  The  report  states  that  only 
150,000  hp.  will  be  generated  instead  of  the  300,000  hp.  as 
planned,  intimating  that  the  whole  development  was  to  be 
carried  out  immediately  but  that  lack  of  financial  support 
has    necessitated    cutting    the    installation    in    half. 

Those  who  have  followed  the  project  know  that  the  in- 
tention from  the  start  has  been  to  develop  only  120.000  hp.  at 
present,  and  that  expansion  was  not  to  come  for  some  years. 
Moreover,  all  of  the  concrete  has  been  in  for  some  time,  the 
superstructure  is  completed,  the  turbines  and  electrical  ma- 
chinery are  practically  all  in  place,  and  the  transmission  line 
to   St.    Louis   is   finished. 

The  report,  therefore,  is  manifestly  erroneous.  Moreover. 
the  New  York  office  of  Stone  &  \\'ebster  denies  that  there  has 
been  any  cessation  of  work  or  embarrassment  in  funds. 


The  New  England  Society  of  Superintending  Engineers 
held  its  regular  monthly  meeting  and  dinner  on  the  evening 
of  Apr.  26  at  the  American  House.  Boston.  Several  promi- 
nent engineers  were  admitted  to  membership.  A  very  in- 
teresting talk  was  given  by  F.  L.  Fairbanks  on  the  construc- 
tion of  boilers,  after  which  there  was  a  general  discussion  of 
the    subject. 

The  American  Order  of  Steam  Engineers  will  hold  its 
twenty-seventh    annual    convention     in     the    Parkway     Build- 


inn.  Broad  St.,  Philadelphia,  on  June  2  to  7.  The  Windsor 
Hotel  will  be  the  association  headquarters.  The  local  com- 
mittee and  that  of  the  American  Supply  Men's  Association 
have  their  ari-angements  almost  completed,  and  declare  that 
this  convention  will  prove  a  highly  affair. 

At  the  semi-monthly  meeting  of  the  Detroit  Engineering 
Society  on  the  evening  of  May  2.  Clarence  W.  Hubbell.  chief 
engineer  of  the  Bureau  of  Public  Works,  Manila,  P.  I.,  de- 
livered an  interesting  informal  talk  on  "Public  Works  in  the 
Philippine  Islands."  Mr.  Hubbell  is  a  member  and  former 
secretary  of  the  society  and  has  been  identified  with  the 
public    works    of   the    Philippine    Islands    for    several    years. 


OBITUARY 


E.   M.   ADAMS 
E.   M.    .\clams.   president  of  the   Ohio   Society   of  Mechanical, 
Electrical    and    Steam    Engineers,    and    for    a    number    of    years 
chief  engineer  of  the  Quaker  Oats  plant  at    Akion.   Ohio,   died 
suddenly    of    diabetes    on    Apr.    17. 

.J..\MES    T.\NGYE 

James  Tannye.  one  of  the  Tangye  brothers  so  well  known 
in  English  mechanical  circles,  died  at  his  home  in  Cornwall, 
un  Apr.  4,  aged  SS  years.  While  each  of  the  brothers,  of 
whom  George  Tangye  is  the  survivor,  did  his  share  to  build 
up  the  well  known  firm  of  Tangyes,  Ltd.,  it  is  generally 
accepted  that  James'  work  and  influence  were  foremost  up 
to  the  time  of  his  retirement  from  active  work  in  1872,  while 
still  a  comparatively  young  man. 

Possibly  James  Tangye's  application  of  the  principles  of 
hj'draulics,  his  earliest  introduction  to  which  was  in  con- 
nection with  Brunei's  testing  machine,  was  among  his  most 
important  labors,  at  all  events  as  regards  the  fortunes  of  his 
firm. 

His  introduction  of  the  portable  hydraulic  jack  caused  an 
immense  stir  in  engineering  circles  at  the  time  and  brought 
about  a  revolution  in  manufacturing  methods.  As  pointed 
out  by  "The  Engineer,"  it  is  a  curious  fact  that  this  ap- 
pliance as  it  came  from  his  pencil  has  remained  very  nearly 
unaltered  until  the  present  day.  James  Tangye  also  applied 
the  principle  of  his  jack  to  a  number  of  other  purposes,  and 
designed  a  series  of  handy  tools  for  punching,  shearing  and 
otherwise  manipulating  iron  by  hand,  as  well  as  special 
presses  for  a  variety    of  uses. 

James,  at  the  suggestion  of  his  brother,  also  got  out  the 
drawings  for  a  series  of  steam  engines  of  different  powers 
which  could  be  made  to  standard.  This  was  an  entirely- 
novel  departure,  all  engines  having  previously  been  made  one 
by  one  and  without  any  i-eference  to  interchangeability  of 
parts.  Of  these  drawings  it  is  stated  that,  like  all  that  ever 
proceeded  from  his  hands,  the  design  was  produced  once  for 
all,  and  needed  no  retouching  or  modification  as  long  as  the 
conditions  for  which  it  was  intended  remained  unaltered.  In 
these  engines  the  overhanging  cylinder,  the  crank  plate  and 
the  form  of  connecting  rod  were  all  innovations.  The  en- 
gine was  an  advance  on  anything  of  the  kind  previously  in- 
troduced. The  high-speed  governor  was  also  moi-e  delicate 
and  efficient  than  any  of  its  predecessors.  Having  designed 
the  series  of  engines.  James  set  himself  to  evolve  improved 
methods  of  manufacture,  and  the  introduction  of  jigs  is  at- 
tributed to  him. 


PERSONALvS 


Thomas  O.  Oakes,  recently  connected  with  the  New  York 
office  of  the  Nelson  Valve  Co.,  is  now  associated  with  the 
Shipley  Construction  &  Supply  Co.,  New  Y'ork  City. 

A.  Richard  Foley,  of  the  Home  Rubber  Co.,  sailed  for 
England  on  the  "Mauritania"  an  Apr.  23.  Mr.  Foley  will  as- 
sume  the  management  of  that  company's  London   office. 

J.  H.  Stretton  recently  resigned  as  chief  engineer  of  the 
Baltimore  Hotel,  Los  Angeles,  Calif.,  to  accept  the  position 
as  chief  engineer  of  the  W.  H.  Constable  Co.'s  warehouse  and 
cold  storage   plant  at   El   Paso,   Texas. 

E.  F.  Putnam,  formerly  sales  engineer  with  the  Edison 
lamp  department  of  the  General  Electric  Co.,  has  been  ap- 
pointed commercial  manager  of  the  United  Electric  Light  & 
Water  Co..  Greenwich.  Conn.  Mr.  Putnam  has  also  been  con- 
nected with  the  Public  Service  Electric  Co.,  at  Camden  and 
Newark,  N.  J. 
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The  Business  End  of  the   Power  Plant 


LO\\'ER    cost  for  power  means  increased 
dividends.     However,  as  the  power  plant 
is  not  classed  as  a  productive  division, 
the  possibilities  for  increased  economy  there 
arc  often  overlooked ;  a 
productive    depart- 
ment produces  the 
marketable  goods  and 
therefore  seems  worthy 
of  more  attention.   But 
do    the    figures    of    the 
last  audit  substantiate 
that  belief?     Certainly 
not.  Although    the 

power  cost  forms  a 
small  per  cent,  of  the 
total  costs  in  nearly  all 
industries,  it  runs  in- 
to thousands  of  dollars, 
and  losses  there  reduce  ., 
the  dividends  the  same 
as  losses  in  other  de- 
partments. And,  a  thousand  dollars  saved  or 
spent  in  the  power  plant  is  real  money. 

It  is  the  engineer's  business  to  furnish  maxi- 
mum power  at  a  minimum  cost,  but,  to  do 
this,  he  must  be  supported  by  the  manage- 
ment. The  productive  and  selling  depart- 
ments demand  great  attention,  but  if  a  part 
of  what  is  gained  there  is  lost  in  the  plant,  the 
whole  organization  needlessly  suffers.  There- 
fore help  the  engineer  to  improve  the  service 
and  he  will  furnish  it  at  a  figure  that  only  the 
plant  itself  may  excel. 

European  manufacturers,  particularly  the 
Germans,  whose  industrial  and  commercial 
thoroughness  enables  them  to  drive  out  all 
competitors  sup])lying  vSouth  American  mar- 
kets, and  nearly  all  in  the  Oriental  markets, 
devote  much  attention  to  their  engineers  and 
power  plants.  They  help  supjjort  engineering 
schools  and  buy  testing  instruments  and  ap- 
paratus with  which  the  engineer  may  detect, 
remedy  and    prevent    thermal  and  mechani- 


This  foreword  is  written 
chiefly  for  the  power-plant 
owner. 

The  engineer  should  pass 
along  his  copy  to  the  owner, 
superintendent  or  manager, 
as  there  is  much  of  interest 
in  it  to  them 


tal  losses.        It's  not    charity;      it's    a    very 
profitable  investment  which  the  manufactur- 
er is  anxious  to  make.     A  few  of  the  advan- 
tages gained  are .  High-class  service  at  low  cost, 
freedom      from     labor 
troubles,   astonishingly 
few    accidents    and     a 
low  maintenance  cost. 

The  engineer  desires 
that     the     firm     have 
something   more    than 
continuous  service.   He 
knows  that  uninterrup- 
ted power  may  be  sup- 
plied to  the  producing 
machinery  and  yet  be 
poor  because  of  its  high 
cost.       Therefore    con- 
sider his  advice  and  rec- 
r        ommendations.       Fur- 
nish   him    with    record 
and  report  forms  that 
he  may  record  the  performance  of  the  plant. 
There  is  no  better  way  of  improving  a  plant 
than  by  analyzing  its  operation  by  reference 
to  records.     They  reveal  weaknesses  that  are 
difficult  for  the  engineer  to  discover  othenvise. 

Competition  is  fierce  in  the  market  receiving 
the  manufactured  goods,  but  it  does  not  end 
there.  The  company's  power  plant  also  has 
a  competitor  that  sells  power  for  profit.  It 
is  watching  for  those  weak  spots  that  the  en- 
gineer could  have  prevented  if  the  manage- 
ment had  given  him  support,  and  when  the 
time  is  ripe  will  advance  with  smooth  speech 
and  convincing-looking  figures  to  show  the 
fallacy  of  generating  power  instead  of  buying 
it.  If  fair  and  thorough  investigation  shows 
that  it  is  cheaper  to  buy  it,  do  so.  But  help 
the  engineer,  and  call  in  a  consulting  engineer, 
if  he  recommends  it,  to  aid  him  in  generating 
jiower  cheajx-r  than  it  can  be  bought.  The 
profits  will  then  remain  in  the  company's 
vault  instead  of  being  charged  to  the  expense 
.sheet. 
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McCalls  Ferry  Hydro-Electric  Plant 


By  Chakles  H.  Uhojiley 


.<YXOFSTS—The  McCalls  Ferry  hydro-eledrir  plan  I  mi 
the  :>usquehanna  River,  near  Lancaster,  Peitn.,  ix  irilh- 
iii  a  radius  of  70  miles  of  where  over  750,000  lip.  is  de- 
veloped by  steam.  The  present  rated  capacitt)  is  84, ^OU 
hp.  and  another  17 ,dOO-hp.  unit  is  being  installed.  Pro- 
vision is  made  for  three  more  17,dOO-hp.  units,  making 
an  ultimate  rated  capacity  of  155,000  hp.  The  tail  race  uf 
this  plant  is  a  natural  one.  The  current  of  the  i-iver  is 
such  as  to  carry  away  all  ice.  The  entire  daily  load,  aver- 
aging 30,000  kiv.  u-ith  a  niajimum  peak  of  61,000  kii ..  is 
uoir  going  to  Baltimore.  The  generators  deliver  threr- 
phase,  25-cycle  current  at  11.000  voll.i  and  it  is  //•«//>- 
milted  at  70,000  rolls. 

Hl.sTOKKAL 

The  location  of  the  McCalls  Ferry  plant  is  ideal.  "With- 
in an  economical  transmission  radius  of  70  miles  are  sev- 
eral of  the  largest  cities  of  Pennsylvania,  Maryland  ami 
Delaware.  The  map,  Fig.  1,  shows  cities  within  this 
radius. 

The  site  for  the  phmt  had  been  under  consideration  for 
many  years,  the  investigations  being  carried  on  by  George 
S.  Morrison,  deceased.  Tiie  river  showed  a  record  flood 
of  2'i5  volumes  of  low-water  discharge.  A  series  of  rapids 
above  the  present  location  make  available  a  head  of  63 
ft.     This  site,  was  determined  by  Mr.  Morrison. 

About  1905  the  McCalls  Ferry  Power  Co.  was  incor- 
porated with  a  capital  of  $10,000,0(10.  This  company  de- 
signed the  present  dam  and  power  house  and  carried  on 
the  construction  work  until  1907,  when  the  financial 
])anic  of  that  year  caused  the  company  to  fail.  It  will 
be  understood  that  this  failure  was  purely  a  financial 
one.  The  engineering  scheme  was  successfully  laid  out 
as  is  evidenced  by  the  fact  that  the  present  owners,  the 
Pennsylvania  Water  &  Power  Co.,  which  took  over  the 
plant  about  two  years  after  the  first  company  failed, 
has  practically  carried  out  what  was  initially  planned. 

The  engineering  organization  of  the  McCalls  Ferry 
Power  Co.  consisted  of  Carev  T.   Hutchinson,  CO  Wall 


St..  New  York  City,  as  chief  engineer.  The  hydraulic 
plant  was  designed  and  partially  executed  bv  Hugh  L. 
Cooper,  60  Wall  St.,  Xew  York  City.  Beverly  K.  \'alue 
was  engineer  in  <harge  of  construction. 

CONSTUrcTIIlX 

The  plant  an'd  dam  were  built  by  day's  labor,  as  ex- 
haustive study  of  conditions  proved  this  course  the  best. 
The  dam  is  approximately  2370  ft.  long,  53  ft.  high, 
with  a  Ijase  width  of  65  ft.     To  allow  for  expansion  and 
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Fig.  1.    Map  Showing  Cities  withix  Ecoxojiical 
Thaxsmissiox  Distance 

contraction,  and  thus  a\(iid  cracking  ami  deformation, 
laA'crs  of  compressible  material  were  inserted  at  intervals 
of  10  ft. 

The  Susquehanna  is  a  widely  and  suddenly  fluctuating 
river,  and  s])ecial  provisions  were  necessary  in  construct- 
ing the  dam.  The  dam  was  thus  built  in  alternate  sec- 
tion.?, each  10  ft.  long,  average  height  53  ft.  with  a  10-ft. 
space  between  each  section  to  provide  for  a  flow  of  50,000 
cu.ft.  per  sec.  These  spaces  were  filled  in  later  to  form 
a  solid  dam.     To  stop  the  openings  between  sections,  hol- 


FiG.  2.   Panorama  of  Dam  and  Powee  House,  Showing  Deflecting 
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lotv  t^top  logs,  cousistiug  of  steel  skeleton  frames  were  pro- 
vided for  each  opeuiug.  To  divert  the  flow  of  water  ami 
allow  of  filliug  ill  the  spaces  between  sections  these  sto]) 
logs  were  lowered  into  the  spaces  and  heavy  canvas  cur- 
tains made  to  cover  the  upstream  side  of  the  framework. 
Lengths  of  large  hose  were  placed  at  the  sides  and  bot- 
tom and  then  inflated  with  air;  the  space  then  became 
dry.  It  is  estimated  that  over  •$40(),()0()  was  saved  hx  the 
use  of  these  stop  logs  instead  of  building  coifer-dams  for 
the  purpose. 

After  the  necessary  cott'er-dams  were  built,  tirst  one 
from  the  Lancaster  or  east  .shore  and  then  one  from  tiie 
I'ork  or  west  shore,  a  construction  bridge  was  Iniilt  on 
the  down-stream  side  of  the  dam.  It  was  thought  that 
the  flood  waters  of  the  ii\er  wduld  undoubtedly  carry 
away  the  usual  temporary  trestle  work  u.sed  for  construc- 
tion purposes,  hence  the  use  of  the  construction  bridge. 
The  Lancaster  end  of  the  bridge  was  1100  ft.  long,  arch 
form,  with  40-ft.  spans,  and  had  a  roadway  50  ft.  wide. 
The  York  end  of  the  bridge  was  ot  the  same  design  but 
!)00  ft.  in  length. 

Huge  traveling-boom  cranes  ran  on  tracks  on  this  con- 
struction bridge  to  deposit  steel  and  concrete.  Inter- 
changeable steel  forms  were  used  in  the  construction  of 
the  dam. 

An  idea  of  the  rapidity  willi  which  the  work  was  done 
and  the  volume  of  material  handled  is  gained  from  the 
fact  that  a  concrete-mixing  plant  was  built  with  a  mix- 
ing capacity  of  '-JOOO  cu.yd.  every  10  hr.  and  a  storage 
cajtacity  of  14,000  cu.yd.  for  concrete  material.  This  plant 
was  later  destroyed  bv"  fire. 

The  flow  of  the  river  at  the  head  of  the  dam  is  west- 
ward, while  the  power  house  is  on  the  east  shore.  This 
flow  carries  ice  away  from  the  power  house.  However,  a 
wing  dam,  right  background.  Fig.  2,  having  three  sub- 
merged arches,  through  which  water  enters  the  forei)ay 
was  built  at  right  angles  to  the  main  dam  and,  with  thr. 
aid  of  floating  booms,  diverts  ice  into  the  main  stream 
where  it  is  carried  away.  Tiie  wing  dam  terminates  at  a 
meter  house  containing  a  meter  for  recording  tiie  iieiglit 
of  water  in  the  forebay.  Two  ice  chutes  in  the  power 
house  and  three  on  the  shore  end  permit  of  tiie  disposal 
of  ice.  A  deflecting  wall,  separating  the  main  stream 
from  till'  tailra<i'.  >crvcs  as  a  walk  to  Piney  Island   (right 


foreground.  Fig.  2),  where  are  located  the  first  transmis- 
sion-line towers  and  the  arc-extinguisher  eqtiipment. 

The  tailrace.  Fig.  3,  is  a  natural  one  throughout  its 
entire  length  of  two-thirds  of  a  mile.  It  is  formed  by 
the  east  shore  of  the  river  and  Piney  Island,  also  a  few 
other  smaller  islands.  The  spaces  between  the  islands 
were  closed  by  cribs  and  rock  fills.  About  150,000  cu.yd. 
of  rock  were  removed  at  the  lower  end  of  the  tailraee  to 
obtain  a  head  of  5.']  ft. 


Fig.  '■>.   y..\Tvi:.\h  'rA[i.i;A(  i: 

The  fisliway,  extreme  viglif.  Fig.  'i,  is  in  two  sections, 
each  8  ft.  10  in.  wide,  'i'tl  ft.  long,  with  a  slope  of  1  to 
4.     Each  section  contains  wooden  barriers  every  6  ft.  to 

break  tile  velocity  of  tlie  flow  and   to  fm-ni  eddii's  where 
tile  tisii  may  rest. 

Til  I-:  PowKi;  Horsi-: 

Tile  generatcn-  Iimisi',  i.o.,  tiial  part  of  it  iieiow  tile 
rails  of  tlir  liiu-inii  rraiie  {see  Fig.  ll  and  aiso  llie  gate 
iioiise  ai'i'  iif  -iilid  <iincrete.     Tlie  \vall>  ol'  tlic  transrormcr 
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house  are  of  reinforced  concrete.  The  power  house  was 
originally  designed  to  provide  space  for  ten  13,500-hp. 
turbines.  The  concrete  superstructure  is  already  in 
place,  so  that  to  install  more  units  all  that  is  necessary 
is  to  run  in  the  parts  on  a  spur  track,  erect  the  unit,  and 
add  the  necessary  length  to  the  power  house. 

As  shown  in  the  transverse  section.  Fig.  5,  the  main 
generating  room  is  in  the  center  with  the  rheostat  gallery 
and  gate  house  on  the  right  and  the  transformer  house  on 
the  left.  A  machine  shop  is  located  at  the  rear  of  the 
transformer  house. 

TURBIXES 

Although  space  for  13,500-hp.  turbines  was  provided 
for  in  the  design  of  the  plant,  the  present  owners  found 
that  units  of  IT, 500  hp.  capacity  could  be  installed  with- 
out altering  the  pits.  This  was  done  with  unit  Xo.  6  and 
the  seventh  unit,  which  is  also  of  17,500  hp.  is  now  be- 
ing installed;  each  of  the  first  five  units  are  of  13,500 
hp.  capacity.  The  first  four  units  were  originally  con- 
nected to  7000-kv.-a.,  three-phase,  25-eycle,  11,000-volt 
generators,  but  the  present  owners  rewound  units  Nos.  1 
and  2,  increasing  their  capacity  to   10,000   kv.-a.  each. 

As  shown  in  Fig.  5,  the  turbines  are  provided  with 
double  draft  tubes.  This  is  necessary  because  of  the  vary- 
ing height  of  the  tail  water.  The  penstocks,  wheel  cham- 
bers and  draft  tubes  are  of  concrete.  The  recent  high 
water,  reaching  a  height  of  13  ft.,  going  over  the  dam  on 


tion  end  may  be  quickly  connected  to  the  oil  reservoir  cf 
the  thrust  bearing;  the  discharge  is  connected  to  the  oil 
pipe  discharging  directly  into  the  bearing,  which  serves 
as  a  hydraulic  jack.  By  operating  the  pump  with  com- 
pressed air  the  rotor  may  be  lifted  and  when  raised  may 
be  held  by  a  rnchet  arrangement  at  the  side  of  the  casing. 
By  mounting  the  pump  on  a  truck  it  may  be  easily  moved 
to  any  turbine. 

Control  of  Maik  and  Exciter  Turbines 

There  are  two  250-volt,  400-kw.,  compound-wound,  in- 
terpole-exciter  units,  running  at  240  r.p.m.,  and  one  250- 
volt,  500-kw.,  compound-wound,  interpole  unit,  running 
at  750  r.p.m.  The  first  two  are  driven  by  water  turbines 
of  1000  hp.  each  at  240  r.p.m.  with  53-ft.  head.  The 
third  unit  is  driven  by  a  synchronous  motor  of  750  hp., 
25  cycles,  three-phase  and  10,500  volts;  Fig.  6  shows  the 
exciter  units. 

As  there  are  six  main  units  and  two  turbiue-driven  ex- 
citers there  are  thus  eight  governors  which  are  of  the  gear- 
driven,  double-floatiug-lever  type.  The  actuating  power 
system  for  the  governors  is  most  complete,  there  being 
five  motor-driven,  six-stage  centrifugal  pumps  and  one 
turbine-driven  triplex  pump.  The  pump  room  is  located 
at  the  left  of  and  below  the  generators.  The  floor  has  a 
transverse  slope  of  1^4  in-  fo  the  foot  toward  a  lo-in. 
gutter  to  provide  for  drainage.  There  are  two  5-in.  sin- 
gle-stage  centrifugal-drainage   pumps   driven  by   direct- 


Yii..    1.    I.\ii;i;iji;  uv  (_ii:M;i;ATOi;  IJihim. 


Mar.  29,  reduced  the  head  by  10  ft.,  but  did  not  cause  any 
trouble  at  the  plant. 

The  turbines  each  have  two  wheels  on  a  single  shaft, 
the  load  of  410,000  lb.  being  carried  at  some  of  the  tur- 
bines by  roller  bearings,  and  at  others  by  thrust  bearings 
known  as  the  Kingsbury  bearings.  This  bearing  is  de- 
scribed and  illustrated  on  page667of  this  issue. 

The  turbine  rotors  are  so  heavy  that  it  is  not  desired 
to  lift  them  with  the  100-ton  crane  provided  in  the  gen- 
erator room.  For  this  purpose  a  high-pressure,  double- 
acting  pump  mounted  on  a  truck  is  fitted  so  that  the  suc- 


eurrent  vertical  motors  of  50  hp.,  220  volts,  750  r.p.m. 
The  actuating  power  system  for  the  governors  is  laid  out 
as  follows : 

The  five  motor-driven  centrifugal  pumps  and  the  one 
turbine-driven  triplex  pump  take  water  through  a  14-in. 
line  from  the  forebay  and  deliver  at  300-lb.  pressure  into 
a  10-in.,  8-in.  and  5-in.  pipe  line  leading  to  three  steel 
accumulator  tanks  on  the  turbine  floor.  An  air  com- 
pressor driven  by  a  7.5-hp.,  220-volt,  direct-current  motor 
running  at  1100  r.p.m.,  furnishes  air  to  these  accum- 
ulator tanks  to  create  a  cushion  effect  in  the  system.    The 
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compressor  also  lurnishes  air  to  brakes  on  the  turbine 
shafts.  From  these  tanlcs  the  liigh-pressure  water  is  led 
to  the  cylinders  operating  the  wicket  gates  controlling  the 
flow  of  water  to  the  turbines,  the  admission  and  release 
of  water  from  these  operating  cj'linders  being  controlled 
bv  the  turbine  governors,  the  speed  of  which  varies  as 
the  .-^iJeod  of  the  turbines.  The  operating  cylinders  are 
jnucli  the  same  as  a  steam-engine  cylinder  and  are  pro 


Fig.  5.   Tiiwnmrsf  Sfi  rio\  oi  PoA\ri  TToi'iE 

vided  with  an  index  pointer  moving  over  the  face  of  a 
graduated  gage  which  indicates  the  percentage  of  gate 
oj^ening.  As  the  water  used  in  this  high-pressure  sys- 
tem becomes  quite  warm  it  is  cooled  after  being  dis- 
charged from  the  operating  cylinders  into  the  "sump" 
tanks;  the  cooling  water  passing  through  brass-welded 
coils  submerged  in  the  "sump"  tanks,  of  which  there  are 
three. 

To  avoid  recourse  to  hand  control  of  the  operating  cyl- 
inders, two  of  the  five  motors  driving  the  5-in.,  six-stage 
centrifugal  pumps  in  this  system  are  of  the  induction 
type,  300  hp.,  three-phase,  2.5  cycles,  665  amp.  per  ter- 
minal, running  at  1410  r.]).m.  The  other  three  are  direct- 
curixnt  motors,  two  being  of  l-")!)  hji.,  •^•^^o  vdlts,  running 
at  1-330  r.p.m.,  and  the  other  is  li)(i  hp.,  'i-'i)  vults,  ST.") 
amp.,  running  at  1700  r.p.iu.,  and  is  direct  connected  to 
a  six-stage  centrifugal  pump  cajiable  of  discharging  450 
gal.  per  min.  at  a  300-lb.  head. 

As  mentioned  before,  tliere  i.s  a  trii)li\  pump.  turl)in(' 
driven,  also  connected  to  this  system.  It  is  thus  realized 
that  if  the  alternating-current  supply  fails,  the  direct- 
current  motors  may  be  started,  and  vire  versa.  It  is  pos- 
sil)le  also  to  maintain  the  pressure  willi  the  turbine-driven 
triplex  pump.  Three  of  the  high-])rcssure  service  jjumps 
are  connected  for  pumping  water  out  of  the  ])iimp  room 
in  case  it  should  be  flooded,  and  for  delivering  water  for 
house  ]nirposes  to  the  dwellings  on  the  hill,  right.  Fig. 
2,  occupied  by  the  working  force  at  the  plant. 

LriUilCATIOX   SvsiiM 

In  this  system  the  oil  flows  from  two  storage  tanks, 
each  of  3000  gal.  capacity,  located  in  the  gate  house  and 
connected  to  a  header  located  on  th(  wall  of  the  passage- 
way where  the  wheel-gate-o])erating  ])umps  are  situated. 
This  header  is  connected  to  the  storage  tanks  i)y  dupli- 
cate pipe  lines,  so  that  in  case  of  a  breakdown  in  one 
storage  tank,  the  other  may  he  placed  in  commission,  and 
in  this  way  the  system  is  insured  against  a  shutdown. 

From  the  above  header,  each  generating  unit  is  fed  by 


separate  pipe  lines.  The  dirty  or  used  oil  is  collected 
in  a  pipe  header  and  flows  by  gravity  to  the  filter.  This 
filter  has  a  capacity  of  125  gal.  per  min.,  is  equipped  with 
cooling  coils,  and  also  has  a  storage  capacity  of  4700 
gal.,  which  allows  the  oil  to  be  run  to  the  filter  in  ca.se 
of  accident  to  a  storage  tank. 

In  this  filter  the  oil  is  cleansed  and  cooled  and  from 
here  is  pumped  to  the  storage  tanks  by  motor-driven  cen- 
trifugal jiumps.  By  means  of  a  bypass  in  the  piping  sys- 
tem, oil  from  these  pumps  may  be  placed  directly  into 
the  header  which  supplies  oil  to  each  generating  unit. 

Sight-feed  indicators,  with  electrical  attachment,  are 
placed  in  each  feed  line,  so  that  in  case  of  an  accident 
+0  the  feed  line,  the  operator  is  apprised  by  an  annunci- 
ator which  is  connected  to  these  sight  flows.  Thermom- 
eters are  placed  in  the  storage  tank  and  also  at  each  out- 
let of  each  generating  unit. 

Elkctiucal  Equipmext 

The  exciters  deliver  current  to  duplicate  sets  of  bus- 
bars, each  set  taking  care  of  one-half  the  plant.  The 
voltage  is  regulated  automatically  by  a  regulator  mounted 
on  the  switchboard.  This  regulator  can  handle  one,  two 
or  all  three  exciters.  Provision  is  also  made  for  a  dupli- 
cate regulating  system  for  operating  the  plant  as  two 
separate  divisions  of  units. 

TRA\.SFORMEtiS 

The  transformer  house  provides  .space  for  10  three- 
phase  transformers  for  stepping  u]>  the  voltage  from  11,- 
000  to  70,OO<i  ,,,H.^      Ti...  transformers  arc  rated  for  a 


Fig.  6.  Showing  the  Three  Exciter  Uxits 

maximum  nf  .'iiiO.iKMi  volts.  Seven  Iransformers  are  now 
installed,  live  being  of  10,000  kv.-a.  capacity,  two  of  7500 
kv.-a.  capacity.  The  first  10,()00-kv.-a.  transformer  was 
the  largest  ever  built  at  tlu^  time  of  its  installation.  They 
are  elliptical,  15  ft.  11  m.  long,  S  ft.  S  in.  wide  and  1(! 
ft.  high. 

The  windings  are  delta  connected  on  the  low-tension 
side  and  star  connected  on  the  high-tension  side.  The 
neutral  is  grounded  through  resistaiU'c  "stacks"  iinnuTted 
in  series.  All  transformers  are  of  the  shell  type  moiiiilcil 
on  wheels  so  that  they  may  he  run  out  under  the  1  Hil- 
ton Morgan  crane  in  the  generator  room. 

The  smaller  transformers  arc  oil  cooled.  The  larger 
ones  are  oil  insulated  and  internally  water  cooled.  The 
water  gravitates  to  the  transftu-mers,  passing  through 
them  to  coils  in  concrete  taid<s  under  the  arches  of  the 
transformer  house.  The  cooling  water  is  taken  from  the 
forebay.  The  covers  are  cquip))ed  with  vents,  consisting 
of  lead  gaskets  which  break  when  the  pres.surc  gets  too 
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high  in  the  tank.  The  high-teusion  terminals  are  brought 
out  of  the  tanks  through  oil-cooled  bushings. 

The  substation  at  Baltimore  has  five  10,000-kw.  trans- 
formers to  step  down  the  line  voltage  of  60,000  to  13,200. 
These  transformers  are  oil  insulated  and  externally  water 
looled.  The  cooling  system  consists  of  two  motor-driven 
centrifugal  pumps,  each  of  350  gal.  per  miu.  capacity. 
One  of  these  pumps  takes  water  from  an  artesian  well  and 
discharges  it  to  a  10,000-gal.  tower  elevated  65  ft.  above 
the  transformer  bases.  After  gravitating  through  the 
transformers,  to  a  cistern,  the  other  pump  lifts  the  water 
to  the  roof  where  it  is  prepared  for  rapiil  cooling  by  pass- 
ing through  spraying  nozzles.  It  then  runs  down  to  mix 
with  the  coider  well  water,  after  which  the  cycle  is  re- 
peated. 

Besides  the  main  transformers  in  the  plant  there  are 
two  station-service  transformers,  circuits  11,000  volts  to 
•330  volts.  A  300-kw.  testing  transformer  of  300,000  volts 
maximum  voltage,  excited  by  a  step-down  transformer  of 
200  kw.  capacity.  11,000.  2200  volts  is  also  provided.  The 
testing  load  is  obtained  by  a  water  rheostat  designed  for 
l.";.nnfi-!,:vr.   n.iiiiiiii.iiN    'nn-l.      A'''-.-  *-,ri^''<.nii(>i-.    150 


7,  on  a  gallery  overlooking  the  generating  room.  The 
generator  rheostats  on  the  gallery  opposite  their  respective 
generators  are  motor  operated,  as  are  the  field  circuit- 
breakers.  The  exciter  board  is  on  the  rheostat  gallery 
and  contains  panels  for  each  of  the  three  exciters.  Five 
other  panels  provide  for  service  to  motors  for  cranes, 
pumps,  headgate  hoists,  etc.  Each  individual  circuit  is 
provided  with  automatic  circuit-breakers,  voltmeters  and 
ammeters.     All  switchboards  are  of  natural-oiled  slate. 

The  main  control  board  contains  ten  sets  of  panels  for 
generators  and  transformers.  The  benchboard  contains 
one  control  switch  for  each  generator  oil  switch,  trans- 
former oil  switch,  low-  and  high-tension  side,  generator- 
field  rheostat  and  governor  control.  The  usual  red  and 
green  lamps  are  provided  in  each  control-switch  circuit. 
Both  the  high-  and  low-tension  Ims  systems  are  repro- 
duced in  mimic  on  the  benchboard.  The  control  switches 
for  the  signal  system  in  the  generator  and  pump  rooms 
are  also  mounted  on  the  vertical  panels.  An  intercom- 
municating telephone  system  is  also  installed  in  the  plant. 

On  the  rear  panels  of  the  benchljoard  facing  the  switch- 
room  arc  inounti'il  the  s'l'iHTntor  intcvLrratinsr  watt-hour 
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kv.-a.  capacity,  11,000  to  250  volts,  is  used  for  lighting 
Holtwood  (name  of  settlement  at  plant)  and  for  the  con- 
struction plant. 

BissES,  Switchboards  axd  Stoijagi:  Battkries 

The  station  is  provided  for  six  outgoing.  70,000-volt, 
300-amp.  lines.  Provision  for  six  outgoing,  11,000-volt, 
300-amp.  local  feeders  also  obtains. 

The  busses  are  of  hollow-coj^per  tubing.  Each  generator 
delivers  current  either  to  the  low-tension  bus  or  step- 
up  transformers  or  to  both  at  the  same  time.  Thus  there 
are  ten  groups  of  oil  switches,  each  group  having  a  gen- 
erator switch,  a  transformer  switch  and  a  tie  switch.  Dis- 
connecting switches  are  installed  on  each  side  of  every 
circuit-breaker  so  that  they  may  be  cleaned  and  inspected 
with  safety. 

The  feature  of  the  busbar  system  is  that  the  high-ten- 
sion busses  are  in  duplicate,  sectionalized  at  the  center 
and  tieil  together  at  the  ends  by  oil  circuit-breakers.  This 
makes  a  complete  ring  bus  capable  of  being  operated  in 
one,  two.  three  or  four  sections.  Any  of  the  sLx  lines  and 
any  of  the  ten  transformers  may  be  connected  to  any  of 
the  ten  high-tension  busbars  by  selective  oil  switches. 

The  entire  plant  is  controlled  from  a  benchboard.  Fig. 


meters;  the  definite  time-limit  relays  protecting  the  gen- 
erators; the  inverse  time-limit  relays  protecting  trans- 
formers, outgoing  lines  and  feeders,  and  instantaneous  re- 
Invs  protecting  the  station-service  circuits  and  testing 
equipment  circuits. 

Storage  Batteries 

In  the  transformer  house  is  a  small,  glass-jar  cell, 
stora,ge  batterv  used  in  emergencies  to  supplement  the 
250-volt,  direct-current  supply  to  circuit-breakers,  oil 
switches,  etc.  A  wooden-tank  cell,  battery  of  142  cells, 
with  37  end  cells,  is  installed  in  a  compartment  in  the 
gate  house.  This  battery  is  expected  to  carry  the  entire 
excitation  load  for  one  hour. 

Traxsmissiox  Fixes 

The  right-of-way  to  Baltimore  is  100  ft.  wide  and  iO 
miles  long.  The  lines  are  in  duplicate,  each  set  having 
three  cables,  the  current  being  three-phase.  The  cables, 
300,000  circ.mils  in  size,  are  of  aluminum  and  suspended 
from  the  steel  towers  by  strain  insulators  where  long 
spans  or  angles  occur  and  by  suspension  insulators  in 
straight-away  work.  There  are  415  towers,  ranging  in 
height  from  63  to  135  ft.  The  longest  span  in  the  line 
and  one  of  the  longest  in  the  world  is  1800  ft.,  between 
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I'iuey  Island  and  the  York  ishore  of  the  river.  Horn  gap 
lightning  arresters  are  provided  where  the  lines 
leave  the  station.  On  Piney  Island  there  is  an  elaborate 
a  re -extinguishing  equipment  to  minimize  the  troubles  due 
to  electrical  storms.  This  equipment  is  shown  in  Fig.  8. 
The  towers  carry  a  private  telephone  line  connecting  the 
power  plant,  jiatrol  stations,  substations,  and  the  steam 
plants  of  the  Baltimore  Gas  &  Electric  Co.,  and  United 
Railways  Co.  of  Baltimore  which  act  as  standby  stations 
for  the  McCalls  Ferry  plant. 

The  transmission  line  to  Lancaster.   Penn.,  is  nearly 
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1700 
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Pressure 

350  lb. 

350  lb. 

360  lb. 

Manufacturer 


General  Electric  Co. 

General  Electric  Co. 

Westinghouse  ricciric  &  ^ifg.  Co, 

General  Electric  Co. 

General  Electric  Co. 

General  Electric  Co. 

Genera!  Electric  Co. 


Dome  Sttam  Pump  Co. 
National  Brake  &  Electric  Co. 
Peterson  Engineering  Co. 
Morgan  Engineerin:j  Co. 


completed  and  it  is  expected  that  at  least  UMido  kw.  will 
be  sent  over  these  lines  this  cummg  J  uiie. 

The  present  plant  with  its  transniissimi  lin  .-.  suhsta- 
tions,  etc.,  cost  nearly  $16,000,000. 

The  engineering  department  of  tlio  Pennsyhania  Water 
(.t  Tower  Co.,  with  offices  at  Baltimore.  Md.,  is  composed 
of  J.  A.  Walls,  cliief  engineer :  F.  A.  AUiicr,  griicral  super- 
intendent; A.  Benson,  assistant  chit'f  engincci' :  P.  L, 
Smith,  su])erintendent  of  operation :  A.  Bang,  chief  test- 
ing engineer;  W.  P.  Baker,  superintendent  of  installa- 
tion, and  T.  ('.  Stahloy.  chief  oj^erator. 
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Furnace  for  Horizontal  Tubular  Boiler 


_By  R.  ("ederblom 


SYNOPSIS — The  author  hopes  to  obtain  complete  com- 
bustion by  passing  the  gases  through  a  perforated  arch 
like  that  in  the  Broman  furnace  {see  Powiiit,  Feb.  Jf,  page 
171),  and  then  get  best  results  by  the  scrubbing  action  of 
the  gases  on  the  heating  surface.  The  scrubbing  effect 
is  produced  and  made  intense  by  passing  the  gases,  by 
induced  draft,  through  narrow  passages  between  the  shell 
and  walls  or  bridges. 

Every  experiment  along  the  line  of  increased  evapora- 
tion in  boilers  shows  that  it  is  a  matter  of  getting  the  hot 
gases  in  close  contact  with  the  metal  and  making  them 
sweep  over  the  surface  at  a  high  velocity  to  give  a  scrub- 
bing action.  The  boiler  must  be  built  to  give  rapid  and 
positive  circulation  to  the  water  so  as  to  take  up  the  heat 
as  fast  as  it  is  applied. 

With  return-tubular  boilers  as  ordinarily  built  and  with 
a  common  setting,  the  results  would  probably  not  be  good, 
should  we  try  to  double  the  capacity  by  doubling  the  grate 
area.  The  circulation  in  this  type  of  boiler  is  not  as  good 
as  in  a  water-tube  boiler,  also  the  4-in.  fire  tubes — the 
usual  size — are  not  as  eSective  as  might  be  desired,  prob- 


FiG.  1.    Showing  Large  Combustion  Chamber 

ably  because  of  such  large  diameter  that  part  of  the  gases 
pass  through  without  making  good  contact  with  the  metal, 
thus  increasing  the  stack  temperature  when  trying  to 
force  this  type  of  boiler.  With  some  modification,  how- 
ever, in  the  way  of  both  boiler  and  furnace  construction, 
as  good  results  could  be  had  from  a  return-tubular  boiler 
as  from  any  other  kind,  and  if  so  this  type  of  boiler  would 
have  many  advantages  over  the  water-tube  construction. 

The  ordinary  conditions  are-  10  or  12  sq.ft.  of  heat- 
ing surface  per  boiler  horsepower,  whidi  means  about 
3300  B.t.u.  absorbed  per  hour  per  square  foot  of  sur- 
face, and  with  the  usual  rating  of  one  to"  forty  and  an 
evaporation,  of,  say,  about  ?  lb.  of  water  per  pound  of 
coal,  we  have  20  lb.  of  coal  burnt  per  sq.ft.  of  grate.  This 
is  far  from  the  48,000  B.t.u.,  or  80  or  190  lb.  of  coal 
burned  per  square  foot  of  grate  which  has  been  accom- 
plished in  recent  experiments  and  with  as  good  results 
m  regard  to  efficiency  as  under  the  ordinary  slow  rate  of 
combustion  and  evaporation. 

In  a  locomotive  boiler  the  firebox  generally  evaporates 
from  30  to  40  lb.  of  water  per  hour  per  square  foot  of 
surface,  and  there  is  no  reason  why  the'  lower  sheets  of 
a  return-tubular  boiler  should  not  be 'as  effective  and 
doubtless  are,  if  the  heat  is  applied  in  the  right  way.  In 
the  ordinary  setting,  however,  this  is  not  done,  as  a  large 
per  cent,  of  the  gases  never  gets  in  contact  with  the  shell. 
Where  smoke  ordinances  are  in  force,  the  biggest  part  of 


this  surface  is  often  made  ineffective  by  brick  arches, 
piers,  etc.,  throwing  the  flame  away  from  the  shell  in- 
stead of  toward  it,  the  flame  often  not  coming  in  contact 
with  the  boiler  at  all  until  it  strikes  the  rear  head  aii(i 
enters  the  tubes. 

Theoretically  this  should  not  make  any  difference,  as 
there  is  ample  surface  in  the  tubes  to  take  up  all  the  heat 
produced  by  combustion,  but  for  some  reason  this  does 
not  work  out  practically.  Probably  this  is  because  the 
circulation  around  the  tubes  is  not  what  it  could  be  with 
proper  arrangements.  Also  it  may  be  due  to  the  fire  side 
of  the  tubes  being  more  or  less  covered  with  soot.  Soot 
seems  to  form  more  readily  on  the  thin  metal  of  the  tubes 
than  on  the  boiler  plate,  probably  because  the  tempera- 
ture of  the  tube  surface  is  nearer  to  that  of  the  water 
than  is  that  of  the  comparatively  thick  plate. 

What  arrangement  should  we  have  for  a  practical  ap- 
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Flu.  2.  Fig.  3. 

AcTiox  OF  Water  on  Staggered  and 
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Fig.  4.   Two-Pass  Boiler 

plication  of  these  methods  to  a  return-tubular  boiler  60 
in.  by  18  ft.,  ordinarily  rated  at  100  hp.  but  intended  for 
an  output  of  200  hp.  with  50  per  cent,  overload  if  neces- 
sary ? 

The  principal  requirements  are:  High  rate  of  com- 
bustion, high  gas  speed,  close  contact  between  gas  and 
heating  surface  and  as  long  passage  as  possible  from  the 
grates  to  the  uptake. 

High  rate  of  combustion  may  be  obtained  from  either 
forced  or  induced  draft,  but  in  this  induced  draft  will  be 
iised  to  get  high  gas  speed.  To  create  this  draft  we  must 
sacrifice  a  certain  per  cent,  of  the  boiler  outijut,  but,  on 
the  other  hand,  the  higher  effieciency  invariably  gained  by 
such  means  will  often  more  than  offset  this  loss. 

At  a  rating  of  200  hp.,  which  means  6000  lb.  of  water 
evaporated  per  hour,  and  with  an  evaporation  of  8  lb.  of 
water  per  pound  of  coal,  we  have  to  burn  about  750  lb. 
per  hr.  At  50  lb.  per  sq.ft.  per  hr.,  which  is  really  a  low 
figure  with  intense  draft,  we  need  about  15  sq.ft.  of  grate 
surface. 

With  narrow  gas  passages  and  close  contact  with  the 
heating  surface  it  is  necessary  to  get  complete  combus- 
tion of  the  gases  before  they  come  in  contact  with  the 
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boiler  shell  or  tubes,  once  iu  contact  and  the  temperature 
reduced,  combustion  cannot  be  completed,  and  to  accom- 
plish desired  results  we  must,  therefore,  provide  a  proper 
combustion  chamber. 

Under  the  required  draft  conditions,  neither  a  dutch- 
oven  nor  any  of  the  ordinary  arrangements  with  arches, 
bridges,  etc.,  would  serve  the  purpose,  as  the  gases  would 
travel  at  such  a  high  velocity  after  leaving  the  bed  of  coal 
on  the  grates,  that  there  would  not  be  time  or  chance  for 
thorough  mLxing  or  complete  combustion  before  they  come 
iu  contact  with  the  heating  surfaces.  Under  such  condi- 
tions nothing  but  a  checker  work  of  heated  bricks  would 
do,  and  the  only  device  the  writer  has  seen  so  far  that 
would  promise  a  solution  of  this  essential  problem  is  the 
"Broman"  perforated  arch  furnace,  described  in  Power. 
Feb.  -1,  page   171. 

A.S  seen  from  Fig.  1,  this  proposed  setting  provides  a 
large  combustion  chamber  without  sacrificing  any  of  the 
most  effective  part  of  the  heating  surface  and  brings  the 
gases  in  very  close  contact  with  the  shell.  In  passing 
through  the  numerous  small  openings  the  gases  are 
divided  up  into  such  small  volumes  and  brought  in  such 
intimate  contact  with  the  free  air  that  it  seems  complete 
combustion  would  be  the  inevitable  result.  After  com- 
plete combustion  has  once  been  accomplished  the  ne.\t 
problem  is  to  bring  the  gases  in  as  close  contact  with 
the  shell  as  possible.  For  the  remaining  part  of  the  shell 
this  could  be  done  by  building  two  or  three  bridges,  such 
as  .1,  back  of  the  oven,  the  top  of  these  to  conform  with 
the  curvature  of  the  shell,  the  space  between  the  bridge 


and  boiler  depending  on  the  intensity  of  the  draft;  the 
higher  the  speed  of  the  gases  the  less  the  space. 

To  obtain  as  long  a  passage  as  possible  the  boiler  should 
be  made  longer  than  the  ifeual  standard,  if  space  per- 
mits, and  the  tubes  of  much  smaller  diameter,  not  over 
2  in. 

In  regard  to  spacing  of  tubes,  the  author  believes  the 
method  of  staggering  them,  universal  25  or  30  years  ago, 
is  the  most  effective  when  it  comes  to  rapid  heat  absorb- 
tion. 

As  the  circulation  is  more  or  less  in  a  vertical  direction, 
a  glance  at  Figs.  2  and  3  will  tell  at  once  which  con- 
•struction  is  the  most  effective.  In  Fig.  2  the  body  of 
water  passing  down  between  the  tubes,  strikes  the  hottest 
part  of  the  tube  below  and  splits  up  in  two  directions, 
sweeping  the  entire  surface  of  the  tubes.  This  is  not  the 
case  iu  Fig.  3,  however.  Being  a  liquid  and  not  subject 
to  expansion,  it  cannot  fill  the  larger  space,  as  at  A,  if  the 
rate  of  flow  is  uniform,  and  the  result  is  poor  heat  trans- 
mission over  what  should  be  the  most  effective  surface 
and  corresponding  high  stack  temperature. 

With  still  higher  rate  of  combustion,  say,  80  or  100 
lb.  of  coal  per  hour  per  square  foot,  it  may  be  found  ad- 
visable to  have  a  two-pass  boiler,  as  showu  in  Fig.  4,  or 
some  simple  economizer  arrangement  made  up  of  piping 
and  boxed  in  so  as  to  be  easily  blown  out  with  steam. 
With  proper  draft  there  is  no  reason  why  we  should  not 
get  250  or  300  hp.  out  of  a  boiler  of  this  size,  at  as  hign. 
if  not  higher,  efficiency  than  is  now  obtained  with  the 
ordinarv  arrangements. 


Power  Equipment  of  the  "Aquitania"* 


Sl'XOFSIS — The  refuel  i^^■  considered  the  queen  of 
the  Cunard  fleet.  She  has  21  doubled-ended  boilers.  Tiie 
turbines  u-ork  on  the  triple-compound  system,  giviii'j  a 
great  range  of  expansion.  The  steam  piping  is  most  roiii- 
jdete.  A  Diesel  engine-generating  set  on  the  boat  dcclc 
irill  fi;r::ish  light  in.  emergencies. 

On  Apr.  21,  the  new  C'un::rd  liner,  "Aquitania,"  was 
launched  at  Clydebank,  England.  This  vessel  is  S'02  ft. 
long,  97  ft.  beam,  with  a  hull  depth  of  64  ft.,  and  a  dis- 
placement of  49,000  tons.  It  will  be  propelled  by  four 
screws  driven  by  steam  turbines,  giving  a  total  of  6U,0()0 
shaft-horsepower.  The  boilers  are  double  ended,  witii  a 
total  heating  surface  of  139,000  .«q.ft. ;  grate  area,  35(10 
sq.ft.,  and  they  will  operate  at  195  11).  pressure.  The  ves- 
sel is  built  for  23.5  knots  l)er  hour.  Fig.  1  sliows  ihc 
hull  in  cour.se  of  construction. 

This  vessel  was  patterned  after  the  "Lusitania"  an. I 
"Mauretania,"  Init  new  features  are  added,  increa.sing  ibc 
.safety  and  general  utility  of  the  vessel.  The  "Aquitania" 
i>  larger  in  length,  beam  and  tonnage  than  the  "Lusi- 
iMiiia,"  but  i.s  less  in  horsepower  by  8000;  less  in  boilci- 
lieating  surface  by  19,350  .sq.ft.,  and  less  in  grate  surfad' 
i)y  548  .>*q.ft.     She  is  also  2.5  knots  slower. 

In  the  "Lusitania."  tlie  ratio  of  heating  to  grate  sur- 
face is  36.7 :  1,  and  in  the  "Aqin'tania"  39.7 :  1.  The  ratio 
of  indicated  horsepower  to  grate  surface  is  1 7.1 4 : 1  for  the 
"Aquitania"  and  16.8:  1  for  the  "L\isitania."  It  is  thus 
seen  that  the  "Aquitania"  has  much  reserve  power. 


i)()ll.i:i;s 

There  are  21  double-i'nded  boilers,  with  eight  furnaces 
in  each;  the  working  pressure  is  195  lb.  per  sq.in.  All 
boilers  work  under  forced  draft,  the  air  pressure  being 
iiuiintained  by  twenty-eight  (ili-in.  fans,  driven  bv  14  elec- 
tric motors,  one  motor  driving  two  I'ans. 
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There  are  four  boiler  rooms.  In  caeli  of  the  three  for- 
ward boiler  rooms,  which  are  T'S  ft.  loug  by  60  ft.  wide, 
are  six  boilers,  placed  three  abreast,  while  in  the  after- 
most boiler  room,  which  is  42x60  ft.,  there  are  three  boil- 
ers simliarly  placed.  In  addition  to  the  ordinary  exits, 
there  is  an  emergency  escape  from  each  boiler  room 
through  the  deck  overhead. 

To  each  boiler  room,  there  is  a  large  double-elliptical 
fumiel,  the  outer  casings  of  each  being  24  ft.  on  the  major 
axis,  by  17  ft.  on  the  minor  axis.  The  forward  funnel  is 
154  ft.  9  in.  above  the  fire  grate,  and  64  ft.  6  in.  above 
the  casing  top.  The  ^ring  platforms  are  clear  at  all  times, 
as  the  ashes  are  expelled  by  machinery.  In  addition  tc 
these  expellers,  eight  ash  hoists  are  distriliuted  through- 
out the  boiler  rooms. 

TriilUXE-PuOPELLIXG  Maciiixkby 

The  turbines  are  arranged  in  three  engine  rooms,  one  in 
each  wing,  and  a  center  compartment,  divided  by  longi- 
tudinal bulkheads.  The  total  length  of  the  engine  room 
is  84  ft. 

The  turbine  arrangement  is  somewhat  cliticrent  from 
that  in  the  "Lusitania."  In  the  latter,  the  system  of  com- 
pound turbines — one  high-pressure  exhausting  into  one 
low-pressure  turbine — was  adopted,  there  being  two  com- 
plete and  separate  units  on  each  side  of  the  center  line  ol 
the  ship.  In  the  '"Aquitania,"  however,  the  turbines  arc 
arranged  to  work  on  the  triple-compound  system,  which 
gives  a  greater  range  of  expansion,  and,  consequently,  a 
higher  economy.  The  port-wing  shaft  is  rotated  by  the 
high-pressure  turbines,  which  exhaust  into  an  intermedi- 
ate-pressure turbine  on  the  starboard-wing  shaft,  the 
steam  goes  thence  through  a  pipe  leading  into  two  low- 
pressure  turbines  mounted  on  the  inner  shaft.  The  steam- 
piping  arrangement  in  connection  with  the  operation  of 
this  triple  arrangement  is  such  that  the  high-pressure 
turbine  may  be  cut  out  at  will  iu  the  event  of  an  acci- 
dent, the  steam  passing  direct  from  the  boileis  to  the  in- 
termediate-pressure turbine  on  the  starboard  shaft. 

In  the  event  of  its  being  necessary  to  cut  out  the  in- 
termediate-pressure turbine,  the  boiler  steam  will  pass 
to  the  high-pressure  turbine  on  the  port-wing  shaft,  and 
thence  to  the  low-pressure  turbine  on  the  port  inner  shaft, 
while  the  starboard  low-pressure  turbine  could  be  driven 
by  boiler  steam,  passed  direct  through  the  lead  provided 
for  the  running  of  the  low-pressure  turbine  when 
maneuvering.  If  the  low-pressure  turbine  on  the  star- 
board inner  shaft  should  be  placed  out  of  action,  the  high- 
pressure,  the  intermediate-pressure  and  the  other  low- 
pressure  turbine  could  be  operated,  a  blank  flange,  pro- 
vided for  the  purpose,  being  fitted  in  the  connection  be- 
tween the  intermediate-pressure  turbine  and  the  starboard 
low-pressure  turbine.  Thus,  if  any  one  turbine  is  dis- 
abled, the  other  three  shafts  can  be  worked  with  little 
loss  of  time  in  making  the  changeover.  Considering  the 
capacity  for  overload  of  ail  the  turbines,  the  speed  of  the 
ship  need  not  be  greatly  reduced.  The  turbine  arrange- 
ment is  considerably  better  than  that  of  the  twin-scrcM" 
ship,  where,  if  the  machinery  on  one  side  breaks  down,  the 
ship  can  only  be  propelled  by  the  machinery  on  one  side 
of  the  center  line. 

Mafx  Steam  Pipixg 

As  on  all  large  ships,  there  are  two  main  steam  pipes 
betn-ecn  the  boiler   and  the  engine  room.     Both   are  in 


direct  conimxmication  with  the  main  liiu-  ol'  piping  at  thr 
forward  end  of  the  engine  room.  In  this  line  are  inter- 
))osed  separators,  the  usual  stop  valves,  the.se  being  so  lo- 
cated that  the  steam  may  pass  directly  into  the  high- 
pressure  turbine  or,  alternately,  directly  to  the  inter- 
mediate turbine,  while  an  independent  line  of  piping  is 
led  to  each  of  the  two  low-pressure  turbines,  the  main 
object  being  to  utilize  these  pipes  for  maneuvering  in  the 
harbor  or  at  docks.  At  sea,  and  whenever  required,  all 
four  propellers  can  be  utilized  for  astern  working,  each 
shaft  liein<;-  fitted  with  an  astern  turbine.     On  the  win;; 


Fu;.  2.    Low-PiiKssiKE  Ahead  axd  Asteisx  Tuuhixe 

OF   "AciriTAXIA" 

shaft  are  mounted  bigh-prcssurc  astci'ii  turhines  abaft 
and  separate  from  the  ahead  turbines  and  to  these  there 
are  direct  lines  of  steam  pipes. 

liow-pressure  astern  turbines  are  arranged  in  the  same 
casing  as  the  low-pressure  ahead  turbines  on  both  inner 
shafts.  The  port  astern  high-pressure  turbine  passes 
steam  directly  to  the  low-pressure  astern  turbine  on  the 
port  inner  shaft  and  the  starboard  astern  high-pressure 
turbine  to  the  low-pressure  astern  turbine  on  the  star- 
board inner  .•^haft.  All  steam-admission  or  maneuvriug 
valves  and  the  bulkhead  valves  are  operated  by  levers 
from  a  platform  on  which  the  engineer  on  watch  must 
stand.  He,  therefore,  has  full  control  of  the  engine  room. 
On  the  high-pressure  turbine-exhaust  line  to  the  inter- 
mediate-pressure turbine  a  53-in.  change  valve  is  intro- 
duced, by  which  the  high-pressure  ahead-turbine  exliaust 
can  be  passed  either  to  the  intermediate-pressure  turbine 
or  directly  to  the  low-pressure  ahead  turbine. 

A  66-iu.  shutoff  valve  is  fitted  in  the  line  of  piping  be- 
tween the  intermediate-pressure  turbine  and  the  low- 
pressure  Turbine,  so  that,  when  this  valve  is  closed,  the 
intermediate-pressure  turbine  exhausts  through  the  star- 
board low-pressure  ahead  turbines  only,  and  the  high-pres- 
sure turbines  exhaust  into  the  low-pressure  turbine  on  the 
port  shaft  only.  This  means  that,  should  the  low-pressure 
turbine  on  the  port  inner  shaft  get  out  of  order,  the  ship 
could  be  propelled  l)y  the  high-pressure  turbine  on  the 
port-\ring  shaft,  the  intermediate-pressure  turbine  on  tln' 
starboard-wing  .^^haft  and  tlie  low-pressure  turbine  on  the 
starboard  inner  shaft.  There  is  a  separate  boiler-steam 
connection  to  the  intermediate-pressure  turbine  so  that, 
if  the  shutofE  valve  on  the  intermediate-pressure  exhaust 
pipe  is  closed,  the  intermediate-pressure  turbine  and  tli' 
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lo\v-pres!iui-o  turbine  on  tlu'  starbonril  side  ean  be  'ivorkeil 
indepeudeiitly  of  the  high-pressure  turbine  and  the  \i>\y- 
pressure  turbine  on  the  port  side. 

Under  these  conditions,  the  port  shaft  may  be  working 
ahead  while  the  starboard  shafts  are  running  astern,  or 
rice  versa.  The  high-pressure  astern  turbine  is  fitted 
al)aft  tlie  liigh-pressure  ahead  turbine  on  the  port  shaft. 
These  two  turbines,  when  eou])led  togetlier,  make  a  total 
length  of  63  ft.  The  bearing  bloek  between  these  turbines 
is  fi.xed,  the  forward  and  aft  ends  being  free  to  take  up 
the  expansion.  The  high-pressure  astern  turbine  fitted 
abaft  the  intermediate-pi-essure  turbine  on  the  starboar<l- 
wing  shaft  is  siniibir  t<j  that  on  the  jiort-wing  shaft.  The 
main  educti(jn,  oi-  exhaust  pipe  to  the  condenser  of  tiie 
low-pressure  alu'ad  and  astern  tni-bine  is  I'ectangular  and 
15  ft.  wide  by  (i  It.  high.  Fig.  2  sIujws  one  of  the  low- 
pressure  ahead  and  astern  lui'bines  with  the  upper  part 
of  the  casing  removed,  showing  the  rotor.  The  rotor  of 
this  turbine  is  shown  in  Fig.  3,  and  weighs  130  tons.  The 
lilades  of  the  turbines  are  fitted  in  segments  on  the  rosary 
|)rinci]>le.  and  are  sbarpentvl  away  at  the  ])oints  like  a. 
gmige. 

On  the  after-turbine  eoupling.  on  eaeh  line  of  shaft- 
ing, a  motor-driven  turning  gear  is  fitted.  All  the  casing 
(•<l^ers  have  motor-driven  lifting  gears,  the  lifting  l)eams 
being  built  into  the  ship  and  supi)orted  liy  the  guide  col- 
umns at  both  ends  of  the  casing.  The  tunnel  .shafting  is 
hollow  ami  dividi'd  into  lengths  of  about  25  ft.  each. 
There  are  two  Jjearings  to  eacli  length.  All  the  shafting 
and  the  rotor  drums  wei-e  made  by  John  Brown  &  Co. 
The  rcitor  drums  are  of  Forged  steel  and  are  spr\ing  out 
from  an  ingot  |ire\iously  trepanned.     The  turbine  casings 
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are  of  cast  iron.  Fach  low-pressure  turbine  exhausts  in- 
to a  Weir  "'rniflu.x"  condenser.  'I'uo  .'!o-in.  discharge 
pipes  from  tw(»  centrifugal  pumps  su|iply  the  cii'culating 
water  to  each  condenser. 

The  forced-lubrication  system  is  very  complete,  there 
Iieing  si.x  main  force(l-lul)ricalion  innups  in  the  center  en- 
gine room,  and,  in  connection  with  these,  arc  the  neces- 
sary strainers  and  coolers.  .Ml  the  tunnel  blocks  ha\e 
foreed-lul)rica(  ion  connections. 

Fach  wing  of  the  engine  room  contains  two  evaporators, 
<'aeli  of  75  tons  capacity  per  21  hours. 

Ki,i:cTRif.u,  Tnmt.\t,t,.\tion 
'i'hc  gciu'rating  madiinery  for  the  electrical  installation 
will  consist  of  four  British   Westinghousp  f'o.'s  impulse 
turbinfis,  each  driving  a  225-volt,  40fl-kw.,  three-wiro  fli- 


rect-currcnt  generator  at  1500  r.p.m.  The  current  on 
each  side  of  the  circuits  will  be  balanced  or  compensated 
for  by  a  .static  transformer  in  conjunction  with  slip  rings 
on  each  turbo-dynamo.  In  addition  to  the  main  gen- 
erators, a  Mirrlees  Diesel  oil  engine  driving  a  30-kw. 
Westiughouse  generator  will  be  placed  in  a  house  on  thr 
boat  deck  and  will  be  available  for  emergency  purpose.'-.. 
There  will  be  a  total  of  about  200  motors,  ranging  in 
borsi'power  from  (>(»,  lor  the  stokehold-fan  motors,  to  1/4 
lip.  All  elevators,  lids,  wiiiehes,  etc.,  will  be  motor  driven, 
for  lighting  the  shi|i.  about  TOOO  electric  lamps  will  he 
installed.  As  far  as  is  jiraetiealile,  these  will  be  of  the 
metallic-filament  type. 

liEF]!XGEI!.\TJ0X    PlaXT 

The  refrigeration  plant  will  be  used  solely  for  the 
cuisine  department,  as  no  refrigerated  cargo  will  be  car- 
ried. A  compound  duplex  refrigerating  machine  with  two 
CO.  compressors,  two  independent  evaporators,  duplex 
drying  pumps  and  circulating  pumjis  are  being  fitted  to 
cool  the  many  large  compartments  in  which  the  ship 
stores  are  carried.  The  "Acpiitania"  and  its  turbines  were 
built  by  .Fdlm  limwii  &  Co..  Sbellield.  Fni;-land. 


Japanese  as  Electrical   Manufacturers 

it  is  the  ambilKin  i.i  .lap.iiiese  engineers  to  make  their 
country  the  workshoji  ficun  wliieli  a  great  part  of  A.sia  will 
draw  its  requirement's  in  ie.-pe(  i  oF  electrical  and  other 
machinery,  declares  the  London  'J'Imcs,  and  it  does  not 
appear  to  be  realized  l)y  iMiropean  nianufacturers  that  al- 
ready the  diligent  imitative  talent  and  the  energetic  en- 
terprise of  the  Japanese  have  established  important  works 
of  this  character. 

There  is  no  sign  as  yet  that  Japan  will  eontribute  any- 
thing toward  the  progress  of  engineering  science  and  in- 
vention, and  the  protective  policy  aims  rather  at  provid- 
ing file  means  whereby  the  new  ideas  of  European  and 
-Vmerican  engineers  may  be  readily  adoi)ted  as  soon  as 
llicir  value  is  proved.  For  repetition  work  the  low  cost  of 
Asiatic  lalior  may  or  may  not  beroine  a  |iowerful  competi- 
ti\-e  influence,  but  as  there  appeal's  to  be  no  reason  why 
nearly  all  the  generating  and  distributing  electrical  plant 
and  ai)])aratus  needed  for  the  Ja])aiiese  home  market 
should  not  he  manufactui'eil  locally,  the  attentic f  out- 
siders may  preferably  be  directed  in  the  near  future  to  the 
prospects  on  the  mainland. 

China  has  already  niade  a  slaiM  with  engineering  works 
in  c(mnection  with  the  railways,  and  it  will  perhajjs  be 
necessary  before  long  for  'Western  enter])rise  to  come  to 
a  decision  as  to  whether  (inaiu-ial  and  c'ominerc-ial  control 
should  he  acquired  oF  the  iiiFaiit  electrical  factories  that 
will   come   into  being. 

Thf.sc  ni-w  pulilu  ntiiiiis  .ire  aiinnencerl  liy  the  Ituri-;iu  of 
Minis  an<I  may  be  liad  by  addii'ssiiiK  th.-  niiictor.  Huii»au  of 
Mines,  Washington.  D.  C.  and  ordprinf?  by  number:  liuUetin 
48.  Selection  of  e.\plosives  used  in  enftineerintr  and  inininK' 
operations,  by  Clarence  Hall  and  .'?.  P.  Howell.  50  pp„  3 
pis.,  7  flKS.  Bulletin  iiS.  The  commercial  trend  of  the  gas 
produciT  in  the  United  States,  by  11.  H.  Fernald.  92  pp..  1 
pi..  4  flKs.  Hulletin  fi2.  .Vational  Mine-Re.scue  and  Flrst- 
.\id  Conference.  IMttsburtrh.  Penn..  Sept.  23-2B.  1912.  by  H.  M. 
Wilson.  74  pp.  Ti.chnical  Paper  3S.  Wastes  in  the  produc- 
tion and  utilization  of  natural  (;aa.  and  means  for  their  pre- 
vention, by  rialph  Arnold  and  F.  C.  Clapp.  2!)  pp.  Technical 
Paper  4S.  Coal-mine  accidents  in  the  United  States.  189S- 
ini2.  with  monthly  statistics  for  lfll2.  complied  by  P.  W. 
Iliiitnn.      72    pp..    in    flKs. 
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Engineer's  Annual  Report 

By  V.  T.  McChesnky 

It  is  au  excellent  praotice  to  gather  yearly  all  the 
statistics  and  general  data  available  relating  to  power- 
plant  operation,  and  formulate  them  into  a  general  re- 
!>ort,  tising  only  such  facts  and  figures  from  the  weekly 
reports  as  are  of  most  importance  to  a  yearly  operating 
statement. 

It  is  the  business  of  the  chief  engineer  to  undertake 
this  work,  so  that  his  employers  may  annually  have  a 
r.tatement  of  results  for  comparison  with  previous  years, 
comparison  with  plants  of  approximately  similar  size 
and  as  a  guide  for  future  expansion  and  endeavor. 

First,  the  report  should  contain  a  brief  sumnuuy  nf 
the  power-plant  equipment,  as,  for  instance: 

Boilers: 

4   Horizontal-tubular    boilers,    shell    54    in.    x    14    ft.      Built 

1S97.      Insured   for   100    lb.   pressure. 

1   Chimney,    56   in.    diameter   x    110    ft.    high. 

This  tabulation  is  to  be  carried  through  all  deiiart- 
ments.  It  will  be  found  that  information  thus  accumu- 
lated and  set  forth  will  frequently  prove  useful.  It  is 
well  to  start  with  the  engine-room  units  by  designating 
them  by  numbers,  location  or  use.     Thus: 

Unit  No.  1.     Blank  Co.'s  automatic, 

16xlS    in.,    250   r.p.m.,   directly   connected   to 
12o-kvv.  X  X   generator. 
Piston    rod  2%    in.   diameter. 
Hp.   =   3.92   X  mean  pressure. 

It  is  assumed  that  weekly  indicator  diagrams  have 
been  taken  from  each  uuit.  Representati\e  diagrams 
should  be  selected  and  incorporated  in  the  report.  They 
will  disclose  the  nature  of  the  valve  setting,  and  give 
an  idea  of  the  back  pressure  on  the  engine,  vacuum  main- 
tained, loss  of  pressure  in  the  steam  line  and  a  hint  as 
to  the  tightness  of  the  valves  and  pistons.  Explanatory 
notes  may  be  written  on  the  diagrams  regarding  the  con- 
dition of  the  valve-gear,  etc. 

Resii.t,s  of  Tests 

If  weekly  power  determinations  have  been  made,  they 
may  be  stated  about  as  follows: 

Department Unit  No.  1 

Date  Sets  of  Cards        Indicated  Horsepower  Load 

1 — 2 — 12  6  200  Machine  or  switch- 

board readings. 

An  abbreviated  statement  of  boiler  evaporation  or  ca- 
pacity tests  should  be  incorporated  in  the  re])<)rt.  as  fol- 
lows in  an  assumed  case: 

BOILER  TESTS  .\T  BUILDING  A 


Trial  No 

100 

Duration,  hr 

10 

.Steam-gage  pressure,  lb 

75 

0.40 

Temperature  of  feed  water,  deg.  F. . . 

182 

Temperature  of  chimney  gases,  deg  F,, 

480 

Kind  of  coal  used    

Bituminous 

Moisture  in  coal,  per  cent 

3 

W^et  coal  used,  lb 

10,000 

Dr>'  coal  used.  lb 

9,700 

Dry  ash  and  refuse,  lb 

850 

Drj'  ash  and  refuse,  per  cent.- 

8.8 

Dry  combustible,  lb 

.    8,850 

.    .    90,000 

W'ater  evaporated  at  and  from  212  deg.  F. 

per  pound  of  dry  coal,  lb. . 

9  83 

Water  evaporated  per  lb.  of  combustible 

lb 

...        10.80 

Boiler  horsepower 

280 

Note:     In  calculating  the  foregoing  boiler  trial,  let 
t  =  Temperature  of  feed  water,  deg.  F. ; 
H  =  Total  heat  of  steam  at  the  boiler  pressure  above 

32  deg.  F.: 
W  =  Weight  of  water  actually  evaporated. 


Then   the  equivalent  evaj.'oration   from   and  at   '■i]2   deg. 
F.  equals 

n  ~(t  +  32) 


w  = 


965.7 


The  percentage  of  ash  equals  the  weight  of  ash  multi- 
plied by  100  and  divided  by  the  total  weight  of  dn-  i-oal 
used. 

A  summary  of  the  total  amounts  of  raw  materials 
used  in  the  operation  of  the  plant  for  the  year,  and  their 
costs,  together  with  labor  and  wages  should  also  lie 
tabulated  as  assumed  herewith. 

Thus: 

Power  Dept.  of  BIdg.  .\ 


Quantities: 

Davs  null  ran 

300 

300 

Boiler  hp 

2G5 

2S.0 

Engine  hp 

185 

200 

Kind  of  coal  used 

Pocahontas 

Bituminous 

Cylinder  oil,  gal  . 

200 

190 

Machine  oil,  gal. 

225 

210 

Costs: 

Total  for  coal,  $2.90  per  ton. 

S5..S(X) 

$5,510 

.\sh  removal  (25c.  per  ton) 

45 

42   75 

Cylinder  oil  (35c.  per  gai.) . . . 

70 

60. -.0 

Engine  oil 

68 

65 

Waste,  packing  and  other  supplies 

100 

100 

Boiler  compound 

50 

25 

Boiler  insurance  per  year 

15 

15 

Fire  insurance 

20 

20 

Repairs 

390 

400 

Engineers,  firemen  and  coal  passers,  wagc^. 

5„500 

5,500 

Yearly  cost 

$12,103 

$11,789.25 

Power  cost  per  engine-hp.  per  year,  not  including  steam 

used  for  nonpower  purposes 

$05.42 

$58.95 

These  estimates  do  not  include  any  charges  for  de- 
lu'eciation  and  interest  on  money  invested  in  the  power 
plant. 

Lastly  the  engineer  may  prepare  a  table  of  coal  and 
power  costs  per  unit  of  production  of  his  plant.  This 
will  be  a  Tabulation  that  will  interest  his  employer,  and 
is  the  only  fair  manner  in  which  to  judge  the  economy 
<if  power  production. 

Conclusions  and  Recommendations 

A  general  review  of  the  work  of  the  year  should  be  in- 
corporated in  the  annual  report.  It  need  not  be  elaborate :, 
merely  a  statement  of  facts  that  stand  out  clearly  as  im- 
portant. After  the  general  description  of  the  plant,  work 
that  has  been  done  on  it,  and  all  important  information 
have  been  given,  the  engineer  may  proceed  to  give  his 
recommendations  for  the  future  welfare  of  the  plant. 

It  is  a  written  plea  from  the  man  in  charge  to  his 
su|jerior,  in  which  he  asks  that  he  be  allowed  to  make 
lertain  changes  or  purchases.  He  may  thus  demonstrate 
l)y  his  report  that  such  and  such  a  line  of  action  is  ad- 
vantageous, and  he  may  .show  in  this  manner  that  he  is 
a  capable,  wide-awake  engineer. 


Professor  Huxley,  the  celebrated  scientist,  could  not  be 
accused  of  undervaluing'  science,  but  he  never  lost  sig:ht  of 
the  fact  that  practical  work  kept  the  world  moving".  In  ad- 
dressing the  students  of  a  scientific  school  he  once  took  oc- 
casion to  urge  the  necessity  for  combining  skill  in  handicraft 
with  technical  knowledge.  -Ml  his  life  he  had  been  try- 
ing to  persuade  people  that,  if  they  wanted  to  teach  physical 
science,  it  was  no  use  to  proceed  by  filling  the  minds  of  the 
students  with  general  propositions  which  they  did  not  un- 
derstand, from  which  they  were  to  deduce  details  which  they 
comprehended  still  less.  The  learned  professor  spoke  of  the 
advances  made  in  providing  scientific  education  for  artisans 
and  anticipated  that  progress  in  this  line  was  destined  to 
become  very  rapid,  all  of  which  has  been  verified. — "Railway 
&  Locomotive   Engineering." 
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The  Kingsbury  Thrust  Bearing 

The  design  of  the  Kingsbury  thrust  hearing  consists 
in  general  of  a  collar  rotating  with  the  shaft  and  sliding 
on  stationary  parts  arranged  to  receive  the  thrust,  the 
whole  being  flooded  with  oil.  The  bearing  somewhat  re- 
sembles the  ordinary  collar-thrust  bearing  used  on  line 
shafting,  etc.,  but  it  differs  from  the  common  type  in  one 
c->cntial  feature,  as  described  below: 

In  the  ordinary  collar  bearing  the  stationary  bearing 
surface  is  provided  by  a  continuous  ring,  while  in  the 
Kingsbury  bearing  this  ring  is  divided  into  several  inde- 
pendent sectors  or  ''shoes,"  generally  six  in  number. 
These  shoes  are  shown  at  A  in  the  photograph. 

Each  shoe  is  so  supported  against  the  thrust  that  it 
may  independently  align  itself  to  the  different  conditions 
of  bearing  surface.  This  self-adjusting  feature  is  pro- 
vided by  rounding  the  supporting  surface  or  seat  of  the 
shoe,  so  that  it  may  rock  or  pivot  over  its  central  area. 
The  seat  of  the  "shoe"  is  sliown  at  B  in  Fig.  1  and  at  ('  in 
Fig.  2. 

The  bearing  here  shown  is  such  as  is  used  in  the  10,000- 
kw.  vertical  generating  units,  load  410,000  lb.,  speed  94 
r.pjii..  at  the   M<Calls  Ferry  plant  of  the  Pennsylvania 


1.    Kivi 
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I)rs.\ssinri!i,t:i) 


Water  &  I'ower  Co.,  and  referred  to  in  this  issue  on  page 
6.58  of  the  article  describing  tliat  plant.  Tests  were 
made  of  the  bearing  at  this  plant  and  the  following  dnla 
obtained  : 


Oiilsido  (linmj-t<T  of  rollar.  inrho 
TotftI  loftfl  on  boarinK.  poundtt 
Arra  of  shof^s,  sfjuarp  inrhcft.  .  .  . 

T'nit  prpcsurp  pfr  sq.in.,  lb 

Hrvoluti 
Mr 


,410.000 

l.lfiO 

3.W 


Oil  flow  tbrouch  brarinK  por  min.  sal 

Kind  of  oil  

Mfan  t<-mpcrat\irf  riw  of  oil  in  bearinfr,  dcg.  F. 

Frinional  loss  in  boarinR,  hp 

Cooflfipirnt  of  frirtion    


equalizing  the  load  on  the  '•shoes."  The  runner  D,  Fig. 
1,  revolves  with  the  shaft  and  on  an  oil  film  between  the 
runner  and  the  "shoes."  In  Fig.  1,  E  is  an  oil-inlet  pass- 
age and  F  is  the  inside  oil-retaining  ring.  Half  of  the 
runner  is  here  shown  in  section,  the  other  half  being  stood 
on  ends  to  show  the  construction. 

The  shaft  collar.  Fig.  2,  is  generally  made  of  cast  iron 
or  mild  steel,  the  shoes  of  cast  iron  or  cast  steel  and 
faced  with  babbitt  metal.     For  very  heavy  loads  at  slow 


For  large  bearings,  such  as  the  above,  each  shoe  is  pro- 
vided with  adjusting  wedges  C,  Fig.  1  ;  D,  Fig.  3,  for 


Fig.  2.  Partial  .Sectional  Elevatiox  of  Kingsbitky 
Thrust  Bearing 

speeds  a  harder  material  than  babbitt  is  used,  such  as 
chilled  cast  iron  or  hardened  steel  with  brass  or  bronze 
shoes.  The  bearing  is  made  in  halves  when  required  to 
allow  of  assembling  it  without  desturbing  the  shaft  collar. 

As  applied  to  steam  turbines,  this  bearing  ordinarily 
carries  500  lb.  per  sq.in.  us  a  maximum,  the  linear  speeds 
being  3000  to  4-500  ft.  per  min.  For  vertical  waterwheels 
and  similar  work  the  pressure  is  from  250  to  400  lb.  per 
sq.in.,  the  coefficient  of  friction  lying  between  0.001  and 
0.002. 

Tests  have  shown  that  this  bearing  practically  has  no 
limit  as  to  speed  so  long  as  there  is  a  good  circulation  of 
oil.  Tests  for  overload  capacity  have  been  made  on  a 
bearing  running  at  3600  r.p.m.,  4500  ft.  per  min.,  on 
which  the  load  was  gradually  increased  from  800  to  10,- 
000  lb.  per  sq.in.  without  causing  failure  of  the  oil  film. 
At  10,000  lb.  the  pressure  was  sufficient  to  crush  the 
babbitt  metal,  causing  it  t<i  flow  laterally  in  all  directions. 

The  bearing  was  invcnlcd  i>y  .\lbert  Kingsbury,  of 
Pittslnirgh,  Penn. 

Dundee  Falls  Development 

At  Dundee  Falls,  Maine,  on  the  Presum])scot  River,  a 
new  power  station  for  the  S.  I).  Warren  Co.,  paper  manu- 
facturers, is  being  erected  uiuler  the  general  supervision 
of  the  Stone  &  Webster  P^ngineering  Corp.  The  dam 
structure,  about  1400  ft.  long,  is  of  earth,  with  the  power 
bouse  and  sjiillway  of  reinforced  concrete  nearly  in  the 
<en1('r.  The  liead  is  to  be  50  ft.,  with  a  wheel  capacity 
of  1500  lip.  The  concrete  s|)illway  is  ol'  the  gravity-suc- 
tion type. 

Power  will  be  supplied  by  three  33-in.  horizontal  tur- 
bines of  the  wicket-gate  tyi)e,  each  capable  of  developing 
1500  hp.  at  277  r.ii.m.  Each  wheel  is  direct  connected  to 
an  800-kw.  generator  o])erating  three-phase  at  60  cycles 
per  .second,  and  at  a  pressure  of  11.000  volts.  Tn  each 
ca.se  the  exciter  is  on  an  extension  of  the  generator  shaft. 
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Electric  Elevator  Questions  and 
Answers 

By  a.  C.  Wai.duox 

Name  some  cau^ei:  for  magnetic-control  clevntois  nof 
starting. 

The  car  may  be  down  so  low  that  the  counterweights 
ha\e  come  agaiust  th(  limit  switches  at  the  top  of  the 
well,  M'hich  breaks  the  circuit  and  throws  out  the  circuit- 
breaker.  Most  electric  elevators  are  supplied  with  two 
.-;pauner  wrenches  which  fit  round  the  brake-wheel  hub, 
and  by  slightly  relieving  the  tension  on  the  brake  band, 
the  motor  can  be  turned.  This  will  raise  the  car  and 
lower  the  counterweights  away  from  the  limit  switch.  If 
there  are  two  sets  of  counterweights  and  the  brake  ten- 
sion is  completely  relieved,  the  elevator  will  race  to  the 
roof,  sometimes  unaided. 

Another  way  is  to  put  a  screwdriver  in  the  limit  switch 
while  it  is  open ;  this  will  close  the  circuit  and  the  car 
can  be  moved. 

Another  cause  for  the  car  not  starting  may  be  the  ropes 
riding  over  each  other  on  the  lifting  drum,  this  extra 
thickness  of  rope  bearing  agaiust  the  "slack  cable"  de- 
vice, underneath  the  drum,  and  tipping  it,  which  breaks 
the  circuit  and  cuts  off  current  to  the  motor.  The  remedy 
is  to  use  the  spanner  wrenches,  as  before,  to  wind  the  rope 
\intil  it  is  running  right. 

If  the  elec'trical  contacts  are  not  kept  clean  and  bright 
the  car  will  not  always  start.  If  the  car  is  above  the  top 
floor  about  two  feet  it  it  will  come  against  the  limit  switch 
and  cut  off  all  current.  In  this  case  it  is  easier  to  use 
spanner  wrenches  to  slacken  the  brake  band  and  bring 
the  car  down  enough  to  allow  the  limit  switch  to  close. 

Blowing  of  fuses  will,  of  course,  stop  the  car  and  throw 
out  the  circuit-breaker. 

What  will  cause  a  car  iu  run  pasi  floors? 

If  there  is  a  short-circuit  in  the  controller  it  will  arc 
from  one  contact  to  another,  and  cause  the  brake  to  hold 
up. 

Eenu^dy:  Remove  the  burnt  nonarcing  baffle-plate  anit 
replace  it  with  a  new  one.  Also  if  the  tension  on  the 
brake  .spring  is  slack  or  the  brake  band  is  hot  it  will  cause 
the  car  to  slide.  Having  put  too  much  soap  on  the  brake 
pulley  will  cause  the  ear  to  slide  by  floors. 

What  causes  a  solid  stop  on  the  up  trip? 

If  the  top  brake  band  is  too  tight  it  will  jounce  the  car. 
The  remedy  is  to  take  out  the  bolt  in  the  brake  band  and 
give  the  screw-eye  half  a  turn  less.  If  a  solid  stop  occurs 
on  the  down  trip,  take  out  the  bolt  on  the  bottom  brake 
band  and  slacken  up  a  half  turn.  Xever  take  out  both 
bolts  at  once  unless  a  timber  is  put  in  the  main-rope  drum 
wheel,  becau.se  the  car  will  run  away  to  the  roof. 

What  care  should  he  given  electric  elevators  in  general? 

Watch  the  ropes  for  stretching,  especially  the  car 
counterweight  ropes.  Do  not  allow  the  weights  to  bang  on 
the  basement  floor  as  thev  are  cast  iron  and  are  liable  to 


lirake.  They  slioiilil  be  taken  up  in  six  oi-  eight  nu)nths, 
tiepending  on  the  (juality  of  rope  used. 

Hon-  should  a  rope  be  inspected? 

When  the  rope  passes  over  the  sheaves  at  the  top  of  the 
elevator  well,  have  the  operator  run  the  car  two  feet  at 
a  time,  and  broken  wires  can  he  plainly  seen  and  ex- 
amined. 

How  many  broken  wires  are  considered  dangerous? 

The  writer  has  seen  as  many  as  15  broken  wires  in  a' 
length  of  3  ft.,  this  instance  being  in  one  of  the  busiest 
and  largest  office  buildings  in  Boston.  Ropes  are  fre- 
quently kept  running  a  long  time  with  many  broken  wires 
if  they  do  not  occur  in  a  short  distance  from  each  other. 

Where  should  one  tool-  for  the  greatest  number  of 
breaks  in  a  rope  ? 

In  the  back  drum  eoutiterweight  ropes,  because  this  fre- 
quently has  twice  as  many  sheaves  to  run  over,  making 
twice  as  much  bending.  Attention  should  also  be  paid 
to  the  worm  gear,  which  is  extended  from  the  motor 
shaft,  and  the  gear  easing  should  be  kept  half  full  of  oil, 
preferably  castor  oil.  The  automatic  feeding  grease  cups 
on  the  traveling  sheave  over  the  main  drum  should  be 
kept  full.  If  they  are  not,  the  sheave  will  refuse  to  travel 
and  will  ride  the  ropes  over  one  another,  in  which  case 
they  are  liable  to  run  off  the  sheave. 

How  may  a  loaded  car  be  started  after  the  safety  de- 
vices have  set  ? 

The  first  thing  to  do  is  to  get  the  passengers  out.  Ir 
this  is  impossible,  assure  them  that  all  will  be  well  if  they 
remain  quiet.  Then  see  if  the  lifting  ropes  are  slack. 
If  they  are,  take  the  spanner  wrenches  and  turn  the  motor 
or  brake  shaft  enough  to  tighten  the  lifting  rope  so  as 
to  hold  the  car  and  its  load.  Then  get  into  the  car  and 
take  up  the  small,  round,  floor  plate  and  with  a  socket 
wrench,  unscrew  the  safety  very  easily.  If  the  safety  is 
slackened  sufficiently,  the  elevator  will  hang  normally  on 
the  lifting  rope.  Next,  go  to  the  top  of  the  elevator 
well  and  throw  back  the  safety  lever,  which  will  throw 
out  the  safety-governor  clutch  so  that  the  car  can  be  run. 
In  case  the  stoppage  is  between  floors,  take  the  spanner 
wrenches  and  lower  the  car  to  the  nearest  floor  to  let 
off  the  load,  after  which  put  the  safety  rope  back  in  the 
ball  clutch  on  the  top  of  the  car;  then  operate  the  car 
from  the  switchboard  controller  for  several  trips  to  see 
that  everything  is  in  good  order  liefore  anyone  gets  into 
the  car. 

lT7(ff/  care  should  be  given  the  safeties? 

Every  month  raise  the  car  above  the  basement  floor, 
get  under  it  and  pull  the  rope  that  is  wound  up  on  the 
safety-clutch  .shaft.  This  will  set  the  safeties,  and  keep 
them  in  good  working  order.  Then  get  into  the  car. 
take  up  the  round  floor  plate  and  with  a  socket  wrench 
as  previouslv  mentioned  slacken  up  on  them  until  they 
do  not  drag. 

Tr/(fl/  care  should  be  given  the  guide  rails? 

Both  the  car  rails  and  the  counterweight  rails  should 
be  scraped  and  oiled  once  a  week  to  keep  the  car  shoes  from 
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rubbing  hard  cu  the  guides.  An  e.xcelleut  lubricant  con- 
sists of  oHe  (juart  of  cylinder  oil  iind  half  a  pint  of  flaked 
graphite,  in  warm  weather,  while  in  cold  weather,  there 
may  be  added  red  engine  oil  to  give  the  proper  consist- 
ancy.  If  the  babbitt  in  the  car  shoes  is  badly  worn  and 
causes  grating,  a  graphite  candle,  held  on  each  side  of  the 
rail  for  a  few  trips,  will  stop  grating;  or,  the  shoes  may 
be  slackened  so  that  they  will  not  jam  against  the  rails. 
Jamming  is  bad,  both  on  the  car  rails  and  on  the  counter- 
weight rails,  because  it  wears  them  to  a  sharp  burr  edge, 
necessitating  treatment  with  a  file. 

Care  should  be  taken  in  using  the  proper  lubricant  on 
the  overhead  sheeves,  because  a  grease  that  will  do  in 
winter  will  not  always  give  satisfaction  in  the  summer, 
and  vice  versa.  Many  a  passenger  has  got  a  new  suit  or 
a  dress  soiled  because  of  a  drop  of  lubricant  from  the 
bearings  of  the  overhead  sheeves.  Let  the  attendent  keep 
the  drip  pans  empty  and  this  will  not  happen. 

]V7(//  are  two  sets  of  couiitenreights  used  on  an  electric 
passenger  elevator? 

One  set  is  to  nearly  balance  the  car.  This  set  usually 
IS  above  the  other.  The  bottom  or  back-drum  counter- 
weights are  fastened  by  cable  around  the  rope-drum 
wheels  and  weighted  to  counterbalance  the  average  pas- 
senger load.  This  lessens  the  load  on  the  motor  when 
the  car  is  carrying  normal  load ;  hence  when  the  car  is 
lightly  loaded,  it  takes  more  current  (on  the  return  trip) 
than  when  a  fair  load  is  carried,  because  when  a  fair  loatl 
is  carried,  if  the  back-drum  counterweights  are  of  the 
proper  weight,  the  motor  simply  slides  along.  With  no 
load  the  car  tends  to  run  away  to  the  roof  if  the  brake  is 
lifted,  or  becomes  disabled. 


Alternating-Current   Conductors 

By  C'LiFFOtu)  K.  Pakliman 

The  tendency  of  alternating  current,  when  transmitted 
along  a  coiiductor,  is  to  travel  in  concentric  circles.  Take, 
for  an  example,  the  cross-section  of  a  round,  solid-copper 
conductor.  Fig.  1,  as  a  graphical  explanation  of  current 


tains  a  maximum  value  at  the  periphery ;  causing  what 
is  technically  known  as  a  "skin  etfect."*  The  result,  how- 
ever, of  overloading  a  conductor  is  leakage,  as  presented 
at  A,  Fig.  2;  this  is  proportional  to  the  overload.  The 
current  density,  nevertheless,  would  still  be  greater  at 
the  periphery. 

Assuming  that  this  theory  of  alternating-current  trans- 
mission is  correct,  then  surely  there  is  an  unnecessar; 
waste  of  material  at  the  core,  when  the  proportionate 
carrying  capacity  of  a  cross-section  is  considered. 

Another  bad  feature  of  such  a  conductor  is  that  as  the 
circumfluent  current  density  becomes  a  maximum  at  the 
periphery,  the  conductor  is  susceptible  to  overheating. 
Both  of  those  faults,  however,  can  be  obviated  by  a  hollow 
conductor,  as  in  Fig.  3,  where  the  proportion  of  orifice 
diaaneter  C  to  the  thickness  of  walls  T  is  as  ^  :  1.  It  is 
evident  that  with  a  larger  exposed  surface  (F  and  F')  the 
cooling  cojiditions  of  this  hollow  conductor  will  be  greatly 
improved  over  that  of  the  solid  one,  also  the  current 
density  would  be  more  evenly  distributed  over  the  cross- 
section. 

It  might  be  mentioned  ihat  the  Xew  York  Edison  Co. 
is  planning  to  experiment  upon  the  use  of  hollow  bus- 
bars in  one  of  its  large  stations. 

Quick  Restoration    of  Service 

During  the  last  week  in  March,  ('ohimbus,  Ohio,  was 
inundated  by  the  Scioto  River  and  for  over  two  days  the 
main  generating  units  of  the  Municipal  Lighting  plant 
were  under  water.  After  the  water  went  down  the  gen- 
erators were  dried  out  by  running  them  with  the  arma- 
tures short-circuited,  in  the  usual  manner.  On  Saturday 
afternoon,  however,  Apr.  12,  a  shirt-circuit  developed  in 
the  leads  to  two  of  the  turbo-generators,  one  a  1000-kw. 
and  the  other  a  2000-kw.  machine.  These  dead  shorts 
followed  the  leads  into  the  high-tension  stator  windings, 
which  were  so  badly  damaged  that  the  two  machines  will 
have  to  be  rewound.  The  branch  office  of  the  Allie- 
Chalmers  Co.  in  Cleveland  received  notification  of  the  ac- 
cident  on    Monilav   afternoon    and    the    information    was 
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travel.  We  are  given  to  understand  by  Steinmetz  and 
other  investigators  that  the  current  density  at  the  center 
(if  such  a  conductor  is  at  a  minimum  and  gradually  in- 
creases toward  the  periphery.      Us  density,  therefore,  at- 

♦Skiii    Effect — see   Foster's   Hand    Book. 


iiiiMiediately  wired  to  the  fai  Imy  In  Milwaukee.  The  gen- 
erator  end  of  a  10()(l-kw.  unit  wa.^  in  stock.  This  wa.s 
loaded  and  shipped  from  the  factory  on  Tuesday,  and  by 
Thursday  evening  it  had  been  conneited  uj)  and  was  able 
to  carry  a  part  of  the  load  on  the  station. 
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Dust  Determinations  for  B last-Furnace 
Gas 

•  Bt    EvElIAHll   BliOWX 

There  are  several  methods  employed  for  measuring  the 
amount  of  flue  dust  in  blast-furnace  gas.  Where  such 
gas  is  used  for  gas  engines,  knowledge  of  its  dust  content 
is  essential,  because  it  permits  of  careful  surveillance  of 
the  gas-cleaning  plant  and  its  efficiency.  That  all  blast- 
furnace gas  must  undergo  a  thorough  cleaning  before  it 
is  introduced  into  the  engine  is,  of  course,  understood. 

In  making  determinations  of  this  kind  the  method  of 
taking  the  samples  is  of  prime  importance.  In  the  first 
place,  the  samples  should  be  taken  from  the  gas  main  at 
a  point  between  the  last  or  final  cleaning  apparatus  (sev- 
eral stages  of  cleaning  being  necessary  to  make  the  gas 
suitable  for  use  in  internal-combustion  engines)  and  the 
engine,  at  least  12  or  15  ft.  from  any  bend  or  constric- 
tion, in  order  that  the  current  of  gas  may  be  free  from 
local  disturbances. 

The  sampling  pipe  should  be  of  hard-drawn  brass, 
which,  because  of  its  polished  internal  surface,  affords  the 
least  opportunity  for  dust  accumulation.  A  half-inch 
tube  is  sufficiently  large  for  the  purpose,  bent  to  any 
convenient  radius  but  not  less  than  6  in.,  so  that  it  can 
be  inserted  in  the  main  with  its  entering  end  pointing 
against  the  current  of  gas.  It  is  important,  however,  that 
the  bent  portion  within  the  main  be  parallel  to  the  sides 
of  the  latter  so  as  not  to  change  the  direction  of  flow  nor 
impede  the  progress  of  the  gas.  Moreover,  it  is  advisable 
to  reduce  the  walls  of  the  brass  tube  at  the  entering  end 
to  a  sharp  edge  so  there  will  be  as  little  disturbance  of 
the  gas  as  possible  at  this  point.  Wherever  possible  the 
sampling  pipe  should  be  inserted  on  the  horizontal  diam- 
eter of  the  gas  main  and  should  extend  into  the  stream 
of  gas  from  one-fourth  to  one-third  of  the  internal  diam- 
eter of  the  main,  in  order  to  secure  a  representative  sam- 
ple. There  appears  to  be  some  difference  of  opinion  on 
this  point,  however,  the  contention  being  that  with  a  fair- 
ly clean  gas  it  is  not  necessary  to  extend  the  pipe  further 
than  a  few  inches  beyond  the  lining  of  the  gas  main.  The 
necessity  for  bending  the  sampling  pipe  so  that  its  enter- 
ing end  will  face  the  current  is  also  doubted  by  some; 
nevertheless,  it  can  do  no  harm  and  might  possibly  do 
some  good.  With  gas  that  was  not  thoroughly  cleaned, 
for  instance,  it  would  be  rather  difficult,  even  with  arti- 
ficial suction,  to  overcome  the  inertia  of  the  heavier  dust 
particles  and  cause  them  to  change  their  direction  and 
enter  a  pipe  that  sticks  straight  into  the  gas  main,  whereas 
with  a  curved  sampling  pipe  this  would  not  be  necessary. 

In  taking  an}'-  gas  sample  for  the  purpose  of  determin- 
ing the  amount  of  its  suspended  matter,  it  is  desirable 
to  maintain,  as  nearly  a-s  possible,  a  velocity  in  the  sam- 
pling pipe  equal  to  that  in  the  gas  main  itself.  This  is 
rather  difficult,  however,  because  there  is  sure  to  be  some 
retardation  within  the  former.  Various  devices,  such  as 
siphons  and  other  inductive  agents,  have  been  tried  to 


increase  the  velocity  in  the  sami^ing  pijje,  but  as  far  as 
the  writer  knows  the  success  of  these  has  been  doubtful. 

Probably  the  most  common  method  employed  in  mak- 
ing flue-dust  determinations  consists  in  filtering  the  blast- 
furnace gas  through  a  tube  packed  with  absorbent  cotton. 
This  method  is  rather  crude,  however,  and  is  subject  to 
many  chances  for  error.  In  fact,  the  simplicity  of  the 
apparatus  involved  is  about  all  that  commends  it. 

In  the  first  place,  this  method  is  hardly  practical  for 
checking  up  the  efficiency  of  operation  of  a  gas-cleaning 
plant  because  of  the  long  period  required  for  each  in- 
dividual observation  and  also  because  of  the  great  amount 
of  time  taken  up  in  drying  and  weighing  the  cotton.  This 
means  that  probably  not  more  than  one  determination 
can  be  made  each  day. 

With  the  use  of  absorbent  cotton  as  a  filtering  medium 
it  is  necessary  to  first  thoroughly  dry  it  over  phosphorus 
pentoxide  or  calcium  chloride,  after  which  it  must  be 
carefully  weighed  and  packed  in  its  glass  container.  Then, 
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Details  of  Sampling  Tube 

when  a  certain  quantity  of  gas  has  passed  through,  this 
cotton  must  be  again  thoroughly  dried  and  weighed,  the 
difference  in  weight  determining  the  amount  of  dust  and 
impurities  contained  in  the  sample  of  gas  passed  through. 
This  process  not  only  requires  considerable  time,  but  also 
skill  and  attention,  because  of  the  highly  hygroscopic 
character  of  the  filtering  material.  Furthermore,  in  pack- 
ing the  cotton  into  the  glass  tube,  there  is  another  source 
of  error  on  account  of  the  practical  impossibility  of  two 
operators  to  so  pack  the  cotton  as  to  get  the  same  homogen- 
ity  of  filter,  without  crevices  and  channels  through  which 
particles  of  the  gas  might  pass  unfiltered.  This  also 
holds  true  of  one  operator  preparing  a  number  of  filter?. 

Another  method  of  making  flue-dust  determinations 
consists  in  first  passing  the  gas  through  several  TJ-tubes 
filled  with  glass  pearls  for  condensing  the  moisture  and 
then   through  glass-wool   as   a   filtering   medium.     This 
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mothod  has  an  advantage  over  the  previous  one  in  that 
glass-wool  is  not  so  liighly  hygroseopie  as  absorbent  cot- 
ton. Perhaps  another  advantage  is  the  ability  to  weigh 
tlie  glass  tubes,  including  their  filling,  on  a  chemical  bal- 
ance. The  disadvantage  of  the  method  is  the  care  neces- 
sary in  handling  this  bulky  apparatus. 

Twelve  or  fifteen  years  ago  an  entirely  different  method 
of  determining  the  amount  of  suspended  matter  in  blast- 
furnace gas  was  brought  out  by  Leo  Martins,  of  Germany, 
whereby  ordinary  Swedish  filter  paper  is  used  as  a  filter- 
ing medium.  The  accompanying  sketch  shows  the  ap- 
paratus in  slightly  modified  form,  which  seems  to  be  an 
improvement  over  the  original  construction. 

The  filter  paper,  which  is  about  5  in.  in  diameter,  is 
contained  in  a  conical-shaped,  metallic  receptacle  made  in 
two  parts  to  permit  of  the  ready  insertion  and  removal 
of  the  paper.  The  halves  of  this  container  are  held  to- 
gether by  three  swing  bolts  fitted  with  thumb  nuts  so  that 
little  time  is  required  to  get  at  the  interior.  The  paper 
itself  is  supported  by  a  wire  screen  to  prevent  tearing, 
due  to  the  pressure  of  the  gas.  The  upper  part  of  the  ap- 
paratus is  connected  to  the  gas  main  and  the  lower  to  a 
wet-gas  meter  measuring  the  volume  of  the  gas  sample 
taken.  In  order  to  catch  the  moisture  due  to  condensa- 
tion of  steam  and  vapors  in  the  gas,  a  tube  containing 
calcium  chloride  is  attached  to  the  lower  part  of  the  de- 
vice, through  which  the  sample  must  pass  before  it  is 
metered.  The  reason  for  this  is  obvious,  as  it  is  not 
desired  to  take  into  account  any  moisture  that  might  be 
contained  in  the  gas.  Furthermore,  the  whole  apparatus 
is  inclosed  in  a  box,  usually  of  wood,  with  an  asbestos 
board  lining,  within  which  a  sufficiently  high  tempera- 
ture is  maintained  by  means  of  an  electric  incandescent 
light  or  other  device,  to  prevent  condensation  and  accumu- 
lation of  moisture  on  the  filter  paper. 

The  container  for  the  filtering  paper  should  be  of  pol- 
ished brass  so  as  to  present  as  little  adhering  surface  as 
possible  for  the  gas.  This  will  practically  eliminate  any 
error,  due  to  precipitation  of  dust  on  the  interior  walls 
of  the  apparatus.  For  the  same  reason  the  inlet  pipe 
should  also  be  of  brass.  The  tube  containing  the  cakium 
chloride  is  usually  made  of  aluminum  and  the  rest  of  the 
connections  of  ordinary  standard  material.  A  hose  should 
be  used,  however,  to  connect  the  lower  end  of  the  cal- 
cium-chloride tube  with  the  gas  meter  so  that  there  will 
be  enough  flexibility  to  allow  the  filter  container  to  come 
apart  by  simply  loosening  the  three  thumb  nuls  and  pull- 
ing down  the  bolts.     The  operation  is  as  follows: 

Before  inserting  the  filter  paper,  it  is  thoroughly  dried 
and  carefully  weighed.  A  sufficiently  large  sample  of 
gas  is  then  drawn  through  the  instrument  to  assure  an 
ajipreciabie  anKuuit  of  dust  on  the  filter  paper,  this  quan- 
tity of  gas  being  recorded  by  the  wet-gas  meter.  All  the 
dust  and  impurities  contained  in  this  sami)le  are  deposited 
on  one  side  of  the  paper,  which  is  then  removed,  dried 
and  weighed  again,  the  difference  l)etween  the  two  weights 
being  the  weight  of  the  impurities  extracted  and  in  turn 
the  weight  of  the  impurities  per  cubic  foot  of  gas. 

If  the  moisture  content  of  the  gas  is  also  desired,  which 
is  most  generally  the  case,  the  calcium  chloride  in  the  at- 
tached tube  can  be  weighed  before  and  after  the  sample 
is  taken  and  the  difference  in  weight  will  be  the  amount 
of  moisture  absorbed.  If  the  gas  contains  a  largo  amount 
of  moisture,  two  of  tliese  tubes  may  he  used. 

This  method  of  making  dust  determinations  is  prob- 


ably the  most  satisfactory  of  all  methods  in  use  at  pres- 
ent, as  it  has  the  advantage  of  being  reliable  and  prac- 
tically independent  of  the  skill  and  ability  of  the  op- 
erator. It  also  enables  the  chemist  to  make  a  number  of 
determinations  per  day  and  if  two  instruments  are  used 
almost  continuous  records  may  be  had. 

It  must  be  understood,  of  course,  that  the  method  de- 
scribed, or  any  other  method  for  that  matter,  will  not 
give  as  satisfactory  results  with  raw  gas  that  has  received 
no  cleaning  as  with  gas  sufficiently  cleansed  fo'r  use  in  a 
gas  engine.  This  fact,  however,  does  not  necessarily  re- 
flect on  the  method  itself  because  it  is  rather  doubtful 
whether  any  apparatus  could  be  devised  that  would  take 
care  of  the  very  large  quantities  of  flue  dust  in  uncleaned 
blast-furnace  gas. 

Junkers  vs.   Diesel   Engine  * 

Though  not  a  Diesel  engine  adherent  to  the  extent  of 
failing  to  see  certain  fundamental  advantages  in  the  con- 
struction of  the  Junkers  engine,  I  do  not  believe  that 
some  of  the  statements  made  by  Mr.  Junge  in  his  discus- 
sion of  this  engine,  will  bear  close  scrutiny.  First,  the 
attempted  comparison  between  the  two  engine  types  is 
entirely  too  broad  for  bringing  any  light  whatever  on  the 
subject,  and,  second,  the  claims  made  with  respect  to  the 
superiority  of  the  Junkers  engine  are  too  broad. 

Mr.  Junge  enumerates  certain  features  relating  to  the 
combustion  space  and  to  the  scavenging,  which  are  re- 
garded as  necessary  for  obtaining  the  highest  efficiency, 
and  which  unquestioningly  are  correct  in  principle;  then 
he  shows  that  the  Junkers  engine  possesses  these  favor- 
able features :  and  from  that  he  concludes,  without  show- 
ing that  the  Diesel  engine  cannot  equally  well  possess 
These  features,  that  the  Junkers  engine  must  be  the  more 
efficient.  The  main  proposition  on  which  this  higher  effi- 
ciency of  the  Junkers  engine  is  based  Mr.  Junge  expresses 
thus :  "For  obtaining  high  efficiency  it  is  necessary  to  keep 
the  ratio  of  area  to  volume  of  the  combustion  space  as 
small  as  possible.  Of  course,  this  is  not  to  be  taken  literal- 
ly. The  least  possible  ratio  of  area  to  volume  is  possessed 
by  a  sphere,  but  the  combustion  space  of  the  Junkers  en- 
gine is  not  spherical.  A  cylinder  possessing  the  least  pos- 
sible ratio  of  area  to  volume  is  one  'of  a  height  equal  to 
its  diameter.  If  taken  literally  Mr.  Junge's  proposition 
would,  therefore,  mean  that  for  obtaining  the  highest  effi- 
ciency in  an  engine  using  a  compression  pressure  of  ap- 
proximately 500  lb.  it  would  be  necessary  to  em])loy  a  pis- 
ton stroke  something  like  twelve  times  the  cylinder  diam- 
eter. The  fact  to  which  Mr.  Junge's  .statement  alludes 
can  be  stated  briefly  only  by  saying  that  when  the  com- 
pression is  high  the  stroke  of  the  engine  should  ])e  some- 
what long.  The  area  of  the  surface  confining  the  com- 
bustion space  should,  of  course,  be  a  minimum.  It  would 
not  be  im]iossible  to  design  a  Diesel  engine  of  the  tyi)e 
in  question  which  would  fulfill  these  conditions  jjractieally 
as  well  as  they  are  filled  in  Ibc  .Innkcrs  engine. 

Another  proposition  on  which  the  clnims  for  a  higher 
efliciency  of  the  Juid<crs  engine  seem  1ii  be  bused  is  that, 
i)ecause  of  the  shorter  crank  radius  of  (bis  engine,  a 
higher  piston  speed  can  lie  used.  This  would  be  correct 
if  all  other  conditions  were  the  same,  init  not  when  com- 
]iaring  two  engines  of  entirely  different  construction;  it 

•nisrusBlon  of  a  series  of  ciKht  nttlil.a  on  tho  JunkiTS 
eriKlne   by  P.   E.   Junge,   which   wtTe   c  oiicliKi.rt    In    the   M.ar.    25 

I.SBUf. 


P  0  W  E  E 


A-ol.  37,  No.  19 


all  depends  on  the  weights  of  the  reciprocating  masses. 
In  tlie  Junkers  engine  there  are  attached  to  the  rear  pis- 
ton a  piston  rod,  a  heavy  yoke,  and  side  rods,  with  which 
the  Diesel  engine  is  not  hampered.  The  question  will 
then  be:  How  much  greater  weight  of  the  reciprocating 
parts  may  be  allowed  the  Junkers  engine,  for  equal 
smooth  running  at  the  same  aggregate  piston  speed  as 
That  of  the  Diesel  engine? 

For  smooth  running  (without  backlash  in  the  cvankpin 
boxes)  it  will  be  required  that  the  accelerating  for.  ■  cm 
the  crankpin  shall  not  exceed  a  ]iroper  limit.  Under  nor- 
mal conditions,  as  to  the  lengtli  of  the  connecting-rod, 
this  force  is 

P  G 

=  O.00()034^j\"2r 

where    >,  equals  maximum  accelerating  force  per  square 

inch  of  piston  area  at  the  head  end ;  F  represents  the  area 

of  the  piston;   -p  the  weight  of  the  reciprocating  parts 

per  square  inch  of  piston  iU'ea;  N  the  revolutions  per 
minute,  and  r  the  crank  radius  in  inches. 

In  the  accompanying  sketch  the  force  -7-,  is  the  dis- 
tance AM  and  the  line  AB  is  the  acceleration  ttirve  for 
the  reciprocating  masses.  The  line  DEF  is  the  adiabatic 
compression  line  for  a  compression  to  500  lb.  gage,  and 
the  dotted  line  GHB  represents  the  resulting  pressure  be- 
tween the  bottom  connecting-rod  box  and  the  crankpin, 
per  square  inch  of  piston  area.  If  the  numerical  value 
of  the  negative  accelerating  force  at  I  becomes  so  great 
as  to  carry  the  dotted  line  below  the  base  line  Mi^ ,  it 
would  indicate  that  l)ii(khish  in  the  crankpin  box  will 
occur  at  that  point. 

P 

To  avoid  this  -j,  must  not  be  more  than,  a})proxi»iately, 

0.4  of  the'ccmpression' pressure  r,  for  "a  pressure  ajiproxi- 
matiug  500  lb.     Hence. 

0.00003-1: -^,T 2/-  <  0.4  C 
r 

A'-' 
Substituting  j\  '^  =  !i  ^p 

where  8  =  Piston  speed  in  feet  per  minute; 


whence  S  <  K 


lev' 


(1) 


K  being  a  constant  which  varies  with  the  compression. 
Wishing  to  compare  the  limiting  piston  speed  of  the 
Junkers  engine  with  that  of  the  Diesel  engine  of  the 
same  diameter  and  stroke,  we  write 

■  Cr 

^  =    ^  J-'  ^  JIj 

'%          1 2_tV  l-fl 

Gn  '^D 

\'    F 

Sj    is    the    aggregate    piston  speed    of    the    Junker: 


(2) 


•Kquation    (1)    may    be    written    S  <  K, 


For   a    cor 


engine ;  >'z)  the  piston  speed  of  the  Diesel  engine ;  Gj 
and  Gd  the  respective  weights  of  the  reciprocating  parts. 

For  equal  weights  of  the  reciprocating  parts  the  Junk- 
ers eu^ne  has,  thus,  with  respect  to  the  allowable  piston 
speed,  an  advantage  over  the  Diesel  engine  in  the  ratio 
of  2  to  1.41.  Thi.s  advantage  may  be  lost,  however,  if  its 
reciprocating  parts  arc  heavier  than  those  of  the  Diesel 
engine :  and  equation  (2)  makes  it  evident  that  it  is  futile 
to  discuss  the  question  of  allowjible  ])iston  speed  of  the 
two  types  without  considering  the  weights  of  their  re- 
ciprocating parts. 

That  the  scavenging  of  the  Junkers  engine  must  neces- 
sarily be  more  efficient  than  that  of  the  Diesel  engine  be- 
cause of  any  differences  in  the  manner  in  which  the  air 
is  admitted  to  the  cylinder,  cannot  be  taken  for  granted. 
It  must  be  conceded,  though,  that  an  uncooled  inlet  valve 
of  the  Diesel  engine  may  have  some  effect  on  the  tem- 
perature charge,  without  greatly  affecting  the  efficiency. 

It  is  true  that  the  rear  cylinder-head  casting  of  a  sin- 


pression  pressure  of  500  lb.  K  becomes  approximately  3SO0 
and  for  100  lb.,  7300.  .See  the  "Modern  Gas  Engine  and  the 
Gas   Producer."  by   A.   M.    Levin. 


ACCELEBATIOX  C'tlRTI 

gle-acting  engine  appears  complicated  and  ha,«:  proved 
susceptible  to  breakiige,  but  as  far  as  the  complication  of 
the  ca.sting  is  concerned,  it  does  not  seem  to  cause  any 
alarm  in  the  uptodate  foundry,  and  if  properly  designed 
it  should  not  be  more  liable  to  break  than  any  other  part. 

Viewing  the  whole  question  in  a  broader  sense  the  effi- 
ciencies of  the  two  engines  may  be  considered  practically 
the  same,  there  being  no  good  reason  for  doing  otherwise, 
until  conclusive  tests  have  proved  such  an  assumption 
false.  Then,  disregard  minor  details,  and  we  shall  find 
that  the  essential  features  are  as  follows: 

In  the  Junkers  engine  there  are  two  sets  of  reciprocat- 
ing working  elements  which  ])ractically  balance  each 
other,  and  there  are  no  longitudinal  strains  in  its  frame, 
cylinder  or  cylinder  connections ;  and  this  latter  feature 
should  not  be  considered  liglitly.  In  the  Diesel  engine 
the  reciprocating  elements  are  the  simplest,  but  they  are 
not  entirely  balanced,  and  there  are  heavy  longitudinal 
strains  in  the  framework  that  must  be  taken  care  of.  The 
Diesel  engine  will,  therefore,  require  a  heavier  founda- 
tion and  a  much  heavier  frame,  cylinder-jacket  walls  and 
cylinder  connections,  than  the  Junkers  engine.  The  Diesel 
engine  may  be  said  to  have  some  advantage  in  that  it  can 
be  installed  more  compactly  as  a  two-  or  four-eylinder 
cross-connected  engine.  Rut  as  for  weight  there  is  no 
doubt  but  that  the  Junkers  has  the  advantage. 

A.  M.  Levin. 

Chicago.  Til. 
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HEATING     AND     VENTILATION 
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Some  Notes  on  Ventilation  i^ust  Troubles 

All  iiiti'iv,sting  paper  on  ventilation  was  read  recently  The    shortcomings    of    window    ventilation    for    many 

l)y  Arthur  K.  Ohmes  before  the  Institute  of  Operating  kinds  of  buildings  lias  been  the  cause  of  installing  arti- 

Eiigineers.  of  New  York  City.     He  told  how  difficult  it,  ficial  ventilating  plants  which  furnish  a  constant  supply 

is  becoming  to  secure  a  supply  of  fresh  air  iu  large  cities  of  tempered  air  irrespective  of  wind  and  weather  condi- 

whcre  the  atmosiihere  is  laden  with  oil  and  gasoline  from  tions.    The  quality  of  air  secured  by  artificial  ventilation 

automobiles  and  objectionalile  gas  and  cinders  from  the  is  at  the  present  time  a  much  discussed  subject.     If  only 

.stacks  of  large  heating  and  power  plants.     On  dry,  windy  o.xhaust  ventilation  is  provided,  the  air  then  enters  or- 

ilays,  dust  and  dirt  from  building  operations  and  from  dinarily  through  the  windows  to  be  heated,  iu  the  colder 

the  streets  add  to  the  difficulty.     The  effect  upon  venti-  weather,  to  room  temperature  by  the  radiators.     If  air 

lation  from  contamination  of  the  air  by  the  human  breath  is  supplied  by  a  blower,  it  is  heated  to  nearly  room  tem- 

wa.s  discus-scd  to  considerable  length,  inorganic  contamina-  jierature  by  a  tempering  coil.    There  are  people  who  seem 

tiou,  .such  as  dust  or  gas  in  the  air,  was  given  passing  to  think  that  air  heated  by  a  tempering  coil  is  impaired 

mention  and  the  heat  given  out  by  different  kinds  of  lights  for  breathing,  evidently  basing  their  judgment  upon  the 

was  tabulated.  dryness  of  the  air  and  the  burning  of  dust  on  radiator.- 

.       ,-.  ^,  r<  ''"'i  pipes.     The  drying  effect  of  heat  cannot  be  avoided 

Air  Quantities  axd  f  ubio  C  ontents  i       ai        ■     ■  ■  f      i       »     j.    x,     i 

^  unless  the  air  is  moistened.     As  to  the  burning  of  du.'^t 

In  a  school  room  used  for  a  few  hours  in  succe.ssiou  it  on  heated  surfaces,  it  should  be  realized  that  different 

i.s  usual  to  allow  1800  cu.ft.  of  air  per  hour  per  pupil ;  kinds  of  dust  require  higher  or  lower  temperatures  before 

for  theatei-i  used  only  once  a  day  for  a  few  hours,  1000  burning  can  take  place.     The  approximate  temperature 

to  ir)0(»  cu.ft.  per  hour  per  occupant;  for  hospitals,  3000  at  which  the  ordinary  dust  begins  to  burn  is  160  deg.  F. 

to  4000  cu.ft.  per  hour  per  bed.     Large  banking  rooms  Thus  a  steam  radiator,  whose  temperature  is  generally 

may  have  about  three  changes  of  air  per  hour;  engine  about  312  deg.  F.,  will  be  capable  of  burning  this  dust, 

.111(1  boiler  rocmis,  according  to  the  nuuhinery  layouts,  10  wherea.s  a  hot-water  radiator,  at,  say,  140  deg.  F.,  would 

to  l(»  changes  of  e.xhaust  per  hour  and  8  to  35  changes  ol'  not  aft'ect  the  du.st  at  all. 

air  supply  per  hour.  These  values  must  be  used  with  After  heat  has  been  turned  on,  scarcely  any  dust  wili 
discretion  because  special  conditions  may  require  a  greatiT  settle  on  the  hot  radiators,  because  of  the  rising  air  cur- 
amount  of  air.  rent  carrying  away  the  heat.     Almost  any  steam-heating 

To  obtain  the  amount  of  air  advocated  above  there  an'  plant  will  smell  at  the  beginning  of  the  season,  particular- 

ill  general  two  ways:  the  natural  and  the  artificial.     The  ly  if  the  radiators  have  not  been  cleaned  during  the  suin- 

iiiily  natural  means  that  need  be  considered  are  the  win-  nur,  but  if  steam  radiators  are  wiped  off  every  day  with 

(lows  and  it  is  but  right  to  point  out  that  perhaps  90  per  a  wet  cloth  no  offensive  odors  from  burning  chist  will  bo 

iciit.  of  all  buildings  are  ventilated  in  this  way.     Drafts  ])resent. 

and    uneven    temperatures    are    the    chief    objections    to 

,  ,     I         It   L-  1  I      •  1      ii  1   It       t  ■  lnuKK  Ways  to  Ckkatic  a  Flow  of  .\ii! 

iiatilral  ventilation  and  besides  the  jiossibility  ot  .securing 

an  ample  amount  of  air  through  windows  has  its  liniita-  In  a  ventilating  system  there  are  three  ways  of  creat- 

tioiis,  depending,  of  course,  on  the  cubic  contents  avail-  jug  a  flow  of  air.     The  flow  may  be  due  to  wind  velocity 

able    per   occu])ant    and    the   number   of   windows.      The  as  utilized  in  vent  and  smoke-fine  caps,  generally  called 

cuiiic  contents  available  for  each  person  in  a  room  is  gen-  \entilators;  to  temperature  dill'erence,  as  in  vent  flues,  or 

erally  called  the  "air  cube"  and  a  fair  average  in  ditt'ereiit  to  mechanical   means,  such  as  blowers  and   fans.     With 

Iniildings  is  as  follows:  ventilators  the  amount  of   air   handled   depends   mainly 

iioHpiui  wards  (modern) 21)11(1  cult  |xt  hi-.i  iipoii  wiiid  Velocity,  aiid  with  increasing  wind,  where  iiat  ■ 

tSrhiH)!  (by  law) 200  to  210  ru.lt    |mt  pupil  n  ■       •  *  ■     i        ,i         i       -i  i  •  i  ,  i 

siwpii.i!  roomB  (ordinarily  in  9uburb») .5(x)  <-u  ft  i»r  „.-,upnni  urally  iiiorc  air  IS  coiuing  iiito  the  Inuldiiig,  due  to  tllC 

C>?wdlri1!ffi^'-.H 25()  I'll  ft  [kt  !M-'i-upan!  Miaiiy  wiiidow  leaks,  and  when  the  least  amount  of  arli- 

oKf;raUroHdcar.;:;.    .       :  'T i:/^/ ^^f c  i^? !::™°n  'i'-'"!  Ventilation  is  iiecessaiy.  tbcy  will  naturally  handle 

Elootric  car  (with  strap  hanK<Ts) . .  2.'»  to  ;10  ru.ft.  imt  ixrson  (jj,,  iij(>,<;t   air 

With  a  i-killful  arrangement  ol'  windows  and  heating  In  many  buildings  llie  need  of  ventilation  is  greatest 
.surfaces,  with  ])eople  allowed  to  move  away  with  |ierfecl  in  (he  siiinmer  inontlis,  and  at  (bis  time  the  vent  Hues 
freedom  to  places  where  an  o|)eii  window  does  not  annoy  will  handle  the  least  aniount  of  air,  because  this  dc|ienda 
1  belli  and  witli  an  air  cube  of  500  cu.ft.,  fair  results  with  on  (he  tem|)era(iire  differences  between  inside  and  out- 
window  ventilation  may  be  .secured,  provided  none  of  the  side.  The  mily  ])ositive  means  of  supplying  (be  air  i.s 
objictions  general  to  window  ventilation  exist  around  by  means  of  a  blower  or  fan.  for  with  cilber  (he  amouiir. 
the  building.  To  .secure  a  constant  sii|)ply  of  air  by  of  air  handled  does  not  depend  upon  (he  vclocily  of  the 
manipiiladng  the  windows,  is  almost  impossible.  There  wind  or  temperature  conditions  primarily. 
is  generally  too  much,  or  too  little  air,  and  (he  economy  The  features  of  an  arlificiiil  ventilating  .xyslem  to 
in  fuel  usually  attributed  to  this  nielhod  of  ventilation  which  most  consideration  must  lie  given  are  tbe  air  in- 
is  liiit  seldom  secured.  lot,  (he  tempering  coil,  (ho  duct  system,  and  (be  (leaning 
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(le\iees.  The  fresh-air  inlet  must  be  located  at  a  poiut 
where  such  air  reallj'  exists.  This  may  be  at  the  ground 
level  or  on  the  roof,  or  perhaps  at  a  certain  height  be- 
tween. Common  sense  in  each  case  will  dictate  the  best 
location.  The  opening  must  be  protected  against  rain  Ijy 
louvers  or  hoods,  and  with  a  screen  to  keep  out  birds  and 
debris  of  various  kinds. 

In  the  arrangement  of  the  duct  system,  every  precau- 
tion should  be  taken  to  guard  against  contamination.  The 
l^ractice  of  installing  all  kinds  of  pipes,  even  sewer  pipes, 
in  fresh  air  ducts,  must  be  condemned.  Many  ventilating 
plants  have  proved  a  failure  from  this  very  reason. 

The  tempering  coils  must  be  designed  and  operated  so 
as  to  secure  an  even  temperature  of  air.  Air  filters  and 
air  washers  for  cleaning  the  air  must  lie  designated  as  nec- 
essary evils,  for  it  would  certainly  be  desirable  if  equally 
clean  air  could  be  secured  without  their  installation.  Gen- 
erally speaking,  washers  have  the  advantage  of  cleaning 
the  air  more  thoroughly  than  filters.  On  the  other  hand, 
air  washers  are  costly  to  install  and  operate,  and  when 
they  are  not  in  operation  the  air  is  nut  automatically 
cleaned  as  with  a  filter. 

OrEKATIOX    OK    VeXTILATIXG    SYSTEil 

Temperature  changes  within  a  room  with  a  ventilating 
apparatus  must  be  effected  carefully.  The  room,  the  hall, 
the  theater  or  the  schoolroom  should  be  prepared  for 
the  best  atmospheric  and  temperature  conditions  before 
the  people  assemble.  It  is  almost  invariably  better  to  err 
en  too  low  a  temperature  than  too  high,  because  it  takes 
Init  a  few  moments  to  heat  up  a  room,  without  any  of 
the  occupants  knowing  anything  about  it,  whereas  it  is 
more  difficult  to  cool  a  room,  even  a  degree  or  two,  with- 
out making  it  evident. 

Air  filters  must  be  kept  clean  and  all  the  sprays  in  con- 
tinuous operation.  The  water  should  be  renewed  often, 
and  the  dust  exhausted  from  the  air  removed,  as  other- 
wise objectionable  odors  will  soon  develop.  The  tempera- 
ture of  the  primary  coils  for  an  air  washer  is  better  set 
low  if  the  apparatus  serves  offices,  schools,  theaters,  etc., 
as  otherwise  too  much  moisture  will  be  added  to  the  air. 
The  dust  systems  must  be  kept  clean,  and  all  moving 
parts  of  the  fan  as  well.  The  tempering  coil  should  be 
cleaned  at  least  once  a  year. 

For  the  proper  operation  of  ventilating  apparatus  the 
engineer  requires  a  few  instruments,  such  as  accurate 
thermometers,  a  hygrometer,  and  an  anemometer.  The 
ordinary  dry-  and  wet-bulb  hygrometer  or  the  sling  hv- 
grometer  is  sufficiently  accurate,  and,  if  properly  handled, 
the  anemometer  will  give  approximate  results.  Another 
instrument  which  may  occasionally  become  of  value  to 
the  chief  engineer  is  the  ordinary  U-tube  draft  gage  for 
determining  the  working  pressures  of  the  apparatus.  Care 
must  be  exercised  to  distinguish  between  the  velocity, 
.static  and  dynamic  pressures. 

In  Europe,  particularly  in  Germany,  the  operation  of 
ventilating  apparatus  is  quite  different  from  here.  In 
this  country  we  are  accustomed  to  rely  as  much  as  pos- 
sible upon  the  automatic  regulation  of  temperatures,  air 
supply,  etc. ;  in  Germany  the  operation  is  mainly  done 
by  hand.  In  large  plants  will  be  frequently  found  compli- 
cated boards,  not  unlike  switchboards,  upon  which  are 
mounted  numerous  instruments,  such  as  electric  long- 
distance thermometers  and  micromanometers,  gages,  op- 
erating de\  ices  for  large  dampers,  etc.,  all  for  the  purpose 


of  enabling  the  engineer  to  control  the  entire  Ventilating 
apparatus  and  temperature  conditions  existing  in  the 
building  from  his  switchboard  in  the  cellar.  He  can  de- 
termine the  pressures  and  temperatures  existing  in  three 
or  four  parts  of  the  house,  and  is  supposed  to  work  his 
ventilating  apparatus  according  to  a  certain  tabulated 
formula. 

Xo  centralized  service  will  ever  be  successful,  unless 
the  engineer  has  an  intimate  knowledge  of  the  plant  and 
its  workings.  Few  operating  engineers  in  this  cotmtry 
would  take  the  'necessary  pains  to  properly  operate  a  cen- 
trally controlled  plant.  For  the  meantime  the  localized 
automatic  control  is  therefore  superior,  although  a  com- 
bination of  both  systems  may  be  the  ultimate  outcome. 


Check  Valves  Relieve  Trouble 

In  one  of  the  buildings  to  which  the  '^vriter  supplies 
heat,  both  the  one-pipe  and  two-pipe  systems  are  installed. 
Some  of  the  radiators  are  connected  to  the  one-pipe  sys- 
tem and  all  of  the  coils  are  on  the  two-pipe  system.  The 
building  has  three  stories  and  basement  and  is  heated 
from  a  central  power  house,  the  supply  and  return  pipes 
being  in  the  basement.  The  one-pipe  radiators  are  tied 
in  with  the  returns  of  the  coils  on  all  three  floors.  A 
great  deal  of  trouble  was  experienced  in  getting  the  cokl 
air  out  of  the  coils  before  the  steam  would  close  the  au- 
tomatic air  valves.  Especially  was  this  true  in  the  six 
pipe  coils  heating  two  large  rooms  on  the  top  floor.  The 
coils  would  be  warm  at  the  supply  end  and  return  end, 
but  the  center  and  largest  part  of  the  surface  would  be 
stone  cold.  The  supply  main  entered  the  building,  which 
is  about  SO  ft.  long,  at  one  side  of  the  basement  near 
the  end,  being  carried  to  the  center  and  down  to  the  other 
end.  From  each  side  risers  were  tapped  for  each  floor, 
the  top  story  being  supplied  from  risers  at  the  extreme 
ends  of  the  supply  main. 

In  operation,  the  steam  to  the  one-pipe  system,  which, 
of  course,  had  the  pressure  of  the  main  supply,  wouhl 
back  up  into  the  returns  from  the  coils,  heating  the  air 
valves  and  closing  them  before  the  cold  air  was  all  out 
of  the  coils.     Consequently,  the  coils  remained  cold. 

By  closing  the  return  valves  of  the  coils  at  night  after 
they  were  drained,  and  then  opening  them  in  the  morn- 
ing after  the  coils  were  heated,  the  trouble  was  relieved. 
This,  of  course,  necessitated  some  one  walking  to  the  top 
and  all  over  the  building  twice  a  day.  Finally,  vertical 
check  valves  were  put  in  on  the  return  lines  just  above 
each  supply  pipe  of  the  one-pipe  system  and  there  has 
been  no  further  trouble.  The  steam  pressure  closes  the 
check  Valve  so  the  steam  cannot  reach  the  air  valve  by 
the  way  of  the  return,  and  the  weight  of  the  returns 
readily  opens  the  check  valve. 

H.    S.    SWEETSER. 

Medford,    Mass. 


Mixing  a  liandful  of  burnt  lime  w'.th  120  grams  of  lin- 
seed oil,  boiling  down  to  the  usual  Consistency  of  putty  and 
allowing  the  plastic  mass  to  spread  out  in  a  thin  layer  to  dry 
in  a  place  where  it  is  not  reached  by  the  sun's  rays,  yields 
eventually  a  very  hard  putty.  When  required  for  use  it  is 
made  plastic  by  holding  over  the  funnel  of  a  lamp;  on  cool- 
ing it   regains   its    hardness. — "Penberthy   Engineer." 
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EDITORIALS 


aUMuuiiiiiinniiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

Economy  in  the  Boiler  Room 

Tlie  articles  now  appearing  in  the  "Eugiiieers'  Study 
Course,"  dealing  with  combustion  aud  analysis  of  coal, 
should  be  generally  appreciated  as  one  has  only  to  step 
into  the  average  boiler  room  to  see  evidences  of  the  lack 
of  knowledge  on  fuel  economj'.  While  making  rapid 
strides  in  power-plant  management  and  campaigning  for 
more  efficient  engineers  the  boiler  room  has  in  a  measure 
been  left  to  take  care  of  itself  and  iu  many  cases  labor 
entirely  unfitted  to  the  trust  has  been  put  in  charge  of  the 
boilers. 

A  man  may  be  a  good  fireman  from  the  standpoint  of 
safety,  he  may  keep  his  surroundings  clean  and  always 
have  the  steam  up  to  the  "top  notch,"  but  this  does  not 
always  imply  that  he  is  getting  the  best  results  out  of  the 
fuel.  Does  he  know  the  quality  of  the  gas  he  is  permitting 
to  escape  into  the  chimney?  Has  he  any  idea  of  the 
amount  of  excess  air  going  into  these  gases,  either  through 
the  fuel  bed  or  the  numerous  cracks  and  crevices  present 
in  many  boiler  settings?  Is  he  sure  that  the  draft  is  the 
best  for  the  fuel  used  and  the  thickness  of  the  fuel  bed? 
With  the  reliable  instruments  that  are  on  the  market  at 
the  present  time  it  is  within  the  power  of  every  engineer 
to  intelligently  answer  the  above  questions. 

We  do  not  mean  to  infer  that  the  engineer  or  head  fire- 
man should  be  put  to  the  expense  of  purchasing  these  in- 
struments himself.  It  is  our  opinion  that  the  majority 
of  ])lant  owners  or  managers  are  willing  to  purchase  such 
devices  if  the  engineer  can  show  that  he  is  familiar  with 
the  subject  of  combustion  and  fuel  economy  and  can  con- 
vince the  management  that  by  the  constant  use  of  such 
devices,  a  check  can  be  kept  on  the  average  running  con- 
ditions and  money  saved  thereby.  A  talk  on  so  much 
increase  in  the  ratio  of  evaporation  per  pound  of  fuel 
may  perhaps  not  be  convincing  or  even  interesting  to  the 
management ;  it  must  be  told  in  dollars  and  cents.  The 
I'ossibility  of  saving  fi\e  or  ten  ])er  cent,  in  llic  fuel  hills 
will  always  appeal. 

Many  may  know  that  it  is  possible  to  make  a 
ten  per  cent.,  or  even  greater,  saving  by  keeping  ever- 
lastingly at  the  combustion  problem.  We  ha\e  in  mind 
one  boiler  tliat  consumed  .seven  per  cent,  less  fuel  for  the 
same  capacity  after  stopping  np  the  small  cracks  and 
crevices  ii    the  walls. 

Too  many  Ijoilcjr  plants  have  not  been  provi<le(l  with 
ai)paratus  to  properly  measure  the  amount  of  water 
]>iit  into  file  boiler,  the  amount  of  fuel  fed  to  the  furnace 
and  the  pounds  of  steam  the  boiler  is  giving  in  return. 
No  one  would  think  of  operating  generators  without  am- 
meters to  indicate  the  work  fliaf  is  being  done.  Trying 
tfi  keep  informed  as  to  the  load  on  the  generator  by  feel- 
ing the  heat  given  off  would  l)e  considered  ridiculous, 
but  that  is  about  a.s  reasonable  as  the  way  many  boilers 
are  opcratcrl.  They  can  go  on  day  after  day  with  o\cr- 
loads  or  they  can  "loaf  on  the  job"  and  it  is  all  taken  as  a 
matter  of  cour.se. 

It  is  more  important  to  consider  as  an  inseparnl]l<'  y)art 


of  the  boiler  equipment  such  devices  as  will  show  the  water 
evaporated,  the  coal  burned,  the  steam  given  out  and  the 
furnace  efficiency  than  to  equip  the  prime  movers  with 
proper  instruments.  Economy  here  is  all  important,  for 
the  fuel  lost  in  the  boiler  room  can  never  be  reclaimed. 

Even  if  the  boiler  room  is  not  equipped  with  the  in- 
struments and  devices  necessary  to  insure  economy,  it 
should  not  give  the  engineer  or  fireman  license  for  inac- 
tion. He  can  become  informed  on  the  operation  and  ne- 
cessities of  such  appliances,  and  be  in  a  position  to  take 
charge  of  plants  which  include  them  in  their  equipment. 
The  study  of  combustion  and  fuel  economy  is  certainly 
worth  all  the  time  put  into  it  and  will  bring  big  returns. 

Learn    How   To    Learn 

Why  is  it  that  the  practical  man  has  so  little  use  for  the 
fresh  college  graduate?  Jt  is  because  in  the  eye  of  the 
practical  man  the  college  man  knows  nothing.  What, 
then,  did  he  gain  by  the  time  spent  in  school?  Just  this, 
he  learned  how  to  learn. 

If  this  one  lesson  is  learned  by  the  practical  man  the 
college  graduate  has  but  slight  advantage  over  him.  The 
college  man  advances  (provided  he  has  push  aud  ambi- 
tion) because  he  knows  how  to  teach  himself  what  he 
ought  to  know  and  how  to  take  advantage  of  knowledge 
thrust  in  his  way.  Thus  equipped  one  has  mastered  the 
hardest  part  of  any  department  of  engineering. 

Some  readers  have  a  habit  of  passing  up  phrases  which 
they  do  not  understand  and  then  wonder  why  the  rest 
of  the  article  means  nothing  to  them.  Skipping  phrases 
and  words  in  this  way  is  a  harmfnl  Imliit  and  induces 
mental  laziness  and  discouragement. 

One  of  the  best  ways  to  learn  how  to  learn  is  to  take 
each  article,  phrase  and  word  and  pick  it  apart  as  though 
it  were  an  engine  that  has  broken  down  and  is  being  ex- 
amined to  locate  the  trouble.  Those  who  read  continually 
(when  they  have  the  time)  find  that  understanding  soon 
comes  with  less  effort. 

Some  engineers  and  ])o\ver-house  men  long  ago  decidccT 
that  they  have  no  brains  for  algebraic  expressions,  figures 
and  the  like.  While  they  feel  this  way  they  will  make 
no  progress,  but  if  they  will  only  determine  to  apply  them- 
selves more,  and  make  a  business  ])ro]iosition  of  their 
studies,  they  will  find  it  a  kind  of  business  that  will  ])ay 
good  dividends  in  file  future. 

What  Arbitration  Can   Do 

That  the  wages  of  thirty-one  thousand  locomotive  fire- 
men can  be  increased  three  and  a  half  to  four  million 
dollars  a  year  without  a  strike  which  would  liave  tied  up 
fifty-four  Eastern  railroads,  is  a  splendid  testimony  to 
arbitration  as  a  means  of  settling  capital  and  labor  differ- 
ences. 

When  Ibis  action  of  the  firemen  is  contrasted  wifli  the 
stand  taken  by  both  sides  in  the  mai'oritv  of  recent  strikes. 
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it  secius  strauge  that  the  latter  did  not  find  some  way  to 
avoid  paralyzing  the  big  business  interests  and  working 
great  hardship  to  the  workinginan  and  seriously  incon- 
veniencing to  the  public. 

It  must  be  admitted  that  the  patience  and  conservatism 
of  the  firemen  were  strong  factors  in  the  peaceful  settle- 
ment of  their  contentions.  Their  vocation  closely  paral- 
lels that  of  the  men  in  the  stationary  engineering  field; 
l)oth  demand  intelligence  and  skill  and  a  knowledge  that 
much  depends  upon  their  individual  efforts.  This  is  the 
main  reason,  we  believe,  why  there  have  been  few  or  no 
serious  disagreements  between  power-plant  employees  and 
their  employers. 

Should  the  time  come  when  it  will  be  necessary  to  ad- 
Just  questions  of  large  moment  in  the  operating  engineer- 
ing field,  it  is  to  be  hoped  that  recourse  will  first  be  had 
to  arlntration.  While  falling  far  short  of  being  a  panacea 
for  all  industrial  difficulties,  it  furnishes  the  best  means 
at  hand  for  their  peaceful  settlement. 


Much-Needed    Information 

Two  difficulties  usually  confront  an  editor  when  gather- 
ing material  for  an  article  descriptive  of  a  power  plant. 
These  are  getting  cost  data  and  accounts  of  operating 
troubles. 

Just  why  the  designing  engineer  should  be  reluctant 
to  give  out  cost  figures  is  hard  to  conceive.  Surely  there 
are  no  trade  secrets  to  be  -thus  divulged,  and  if  there 
were,  the  data  need  not  be  of  such  a  detailed  nature  as 
to  reveal  discounts,  etc.  What  is  most  needed,  is  data 
upon  various  types  of  plants  dealing  with  the  total  cost, 
cost  of  buildings,  main  units,  auxiliaries  and  electrical 
equipment  per  horsepower  or  kilowatt  of  capacity.  Most 
books  on  power-plant  design  are  sadly  deficient  in  this 
respect. 

By  giving  out  such  information,  consulting  engineers 
would  profit  in  the  long  run.  In  return  for  a  com[)ara- 
tively  small  amount  of  information  each  individual  would 
receive  a  large  amount  relative  to  a  great  variety  of 
plants.  This  would  be  especially  advantageous  to  the 
smaller  firms  whose  business  is  not  extensive  enough  to 
enable  them  to  compile  data  of  their  own  dealing  with 
different  types  of  plants. 

Operating  troubles  generally  do  not  reflect  upon  the 
apparatus  itself.  Sometimes  they  are  due  to  wrong  ap- 
plication of  perfectly  reliable  equipment  while  more  often 
they  are  the  result  of  unforeseen  circumstances  or  local 
conditions.  In  either  event  experience  is  the  only  remedy 
and  engineers  should  gladly  give  their  fellows  the  bene- 
fit of  such  experience.  In  this  way  many  mistakes  would 
be  averted  and  much  labor  and  expense  saved. 

Not  long  ago  manufacturers  were  wont  to  carefully 
guard  their  shops  from  all  visitors  and  even  engine  builil- 
ers  did  not  care  to  give  out  the  performance  of  their 
products.  Since  the  organization  of  several  of  the  large 
engineering  societies,  however,  with  their  custom  of  pre- 
senting and  discussing  technical  papers,  this  condition 
has  changed  and  much  useful  information  is  disseminated 
tliroughout  engineering  circles.  It  is  hoped  that  this 
habit  will  be  extended  to  include  more  discussions  of 
cosfc=  and  operating  troubles,  for,  without  question,  both 
are  subjects  which  are  of  interest,  at  least,  to  very  many, 
and  of  intimate  concern  to  not  a  few. 


Discouragement  of  Ingratitude 

What  can  requite  the  engineer  who  takes  a  plant  with- 
out enjoying  the  confidence  of  his  employers,  is  thwarted 
in  nearly  every  improvement  he  wishes  to  make,  and 
criticized  no  matter  how  well  he  does?  We  heard  of  such 
a  case  only  a  few  days  ago.  In  spite  of  no  cooperation 
and  in  the  face  of  all  evidences  that  his  employers  are 
not  satisfied  with  him,  he  has  cut  down  their  coal  con- 
sumption from  24  to  101/2  tons  a  day  on  an  average.  (One 
day  recently  he  burned  only  9i/4  tons.)  Where  before  the 
plant  had  to  shut  down  at  least  once  a  week  for  some 
cause  or  other,  he  has  had  no  shutdowns  since  he  was 
there.  In  fact,  without  having  the  chance  to  do  half  the 
things  to  improve  the  plant  that  he  would  like  to  do,  he 
is  already  saving  the  company  four  times  his  salary  and 
yet  he  does  not  know  what  moment  he  may  be  discharged. 

What  is  hard  work  compared  to  ingratitude?  We  can 
do  to  the  very  limit  of  our  ability  and  gladly  while  it  is 
appreciated,  but  nothing  can  chill  our  enthusiasm  quicker 
or  more  thoroughly  than  failure  to  recognize  our  efforts. 
There  remains  only  one  comfort — the  inner  satisfaction 
of  having  done  our  best — a  conscience  that  cannot 
criticize. 


The  professional  engineers  are  commencing  to  consider 
the  advisability  of  legislation  which  will  provide  for  their 
license  or  registration.  A  conference  committee  of  the 
national  engineering  societies  held  a  meeting  during  last 
month,  to  which  were  invited  also  representatives  of  the 
jSTational  Electric  Light  Association,  the  American  Gas 
Institute  and  the  Institute  of  Consulting  Engineers,  to 
consider  the  propriety  of  preparing  a  bill  for  registering 
engineers,  which  should  be  offered  to  the  legislatures  of 
New  York  and  other  states,  should  these  bodies  consider 
legislation  in  this  matter  essential.  It  was  the  sense  of 
the  conference  that  such  a  bill  be  prepared  and  this  reconi- 
mendation  has  been  made  to  the  councils  of  the  organiza- 
tions represented.  The  national  engineering  societies  com- 
prise the  civil,  mechanical,  mining  and  electrical  engi- 
neers. It  will  be  but  a  step  from  the  examination  and 
registration  of  such  men  to  the  examination  aiul  licensing 
of  operating  engineers. 

A  correspondent  of  Engineering  (London)  suggests 
that  the  pitting  and  corrosion  which  are  of  .such  frequent 
occurrence  in  condenser  tubes  subjected  to  the  action  of 
sea  water,  may  be  due  to  the  internal  stresses  .set  up  in  the 
drawing  of  the  tubes.  He  cites  a  number  of  cases  of  cor- 
rosion in  copper  pipes,  and  other  situations  which  appear 
to  be  due  to  some  such  cause,  and  has  ])een  successful  in 
preventing  corrosion  where  it  had  been  occurring  l)y  an- 
nealing the  pipes  before  they  were  put  into  place. 

When  a  society  only  three  3'ears  old  can  get  out  the 
crowd  and  the  enthusiasm  that  was  evidenced  at  the 
dinner  of  the  American  Institute  of  Boiler  Inspectors 
(referred  to  on  page  692)  it  is  founded  on  right  princi- 
ples and  made  up  of  the  right  stuff.  Power  is  so  heartily 
interested  in  decreasing  accident  and  promoting  safety  in 
the  handling  of  power-plant  equipment  that  it  is  natural- 
ly in  sympathy  with  the  purposes  of  this  society  and 
wishes  it  continued  and  ever  increasing  success. 
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Why  Belt  Ran  to  One  Side 

Keceiitly  I  erected  a  mam-liue  shaft.  Every  care  was 
taken  to  get  the  shaft  in  line  and  level,  and  when  it  was 
uj)  1  felt  sure  there  would  be  no  trouble  encountered  in 
starting.  The  next  day  1  put  on  a  12-in.  main-driving 
belt  and  started  the  engine,  when,  to  my  astonishment, 
the  belt  crawled  over  to  one  side  of  the  pulley,  about  4 
iu.  of  it  sticking  over  the  side.  I  was  told  that  the  shaft- 
ing was  out  of  line  or  out  of  level  and  it  would  be  quite 
a  jol)  to  change  it,  but  I  knew  that  was  not  the  trouble 
for  I  had  rechecked  for  line  and  levels  after  it  was  up. 
Another  suggestion  was  that  the  belt  was  not  laced  to 
give  even  tension  across  it,  and  that  the  tight  side  was 
pulling  away  from  the  center,  but  as  I  had  carefully 
squared  the  ends  of  the  belt  before  lacing  it  and  had 
drawn  and  laced  the  ends  square  with  the  aid  of  a  belt 
clamp,  I  knew  that  could  not  be  the  cause  of  the  trouble. 

I  again  tested  for  levelness,  thinking  that  possibly  the 
sides  of  the  building  foundations  might  have  settled  un- 
evenly, but  found  everything  all  right.  I  then  tried  the 
crown  of  the  pulley  on  the  main  shaft  to  see  if  it  was  in 
the  center  of  the  pulley  and  found  it  all  right.  Next  I 
started  the  engine  to  see  if  the  pulleys  ran  true  and  found 
they  did ;  they  were  akso  iu  line.  For  a  few  moments  I 
could  not  imagine  what  else  could  be  wrong.  Finally  I 
thought  that  jjossibly  the  pulley  might  be  larger  in  diam- 
eter on  one  side  than  the  other.  After  measuring  both 
sides  with  a  steel  tape  1  found  a  difference  in  the  measure- 
ments for  both  sides  of  the  pulley  of  about  one  inch.  Hert?, 
then,  was  the  .-^cat  of  the  trouble. 

The  pulley  had  a  wooden  rim,  solid  cast-iron  center, 
and  to  take  it  off  the  shaft  would  mean  taking  down  the 
shaft,  which  would  require  at  least  a  day's  work.  I  set 
a  temporary  wooden  rest  in  front  of  the  pulley,  took  off 
the  12-in.  belt  and  replaced  it  with  a  3-in.,  which  was 
positively  guided  to  the  small  diameter  end  of  the  re- 
ceiving pulley  and  then  the  large  diameter  end  was  turned 
down  to  equal  the  other  end,  using  a  common  wood 
turner's  chisel,  the  crown  was  akso  reduced  a  little  as  this 
change  had  increased  the  amount  of  crowning.  The  pul- 
ley was  smoothed  and  the  12-in.  belt  i)ut  back.  This  time 
it  ran  true  in  the  center  and  has  never  shown  the  least 
tendency  to  crawl  to  one  side. 

Gkouok  1'.  Pk.vrce. 

Exeter.  N.  If. 

Miniature    Suspension  Bridge 

At  a  certain  New  Englanil  plant,  it  became  neccs.sary 
lo  extend  the  injection  ])ipe  of  the  condenser  30  ft.  into 
the  river,  where  soundings  revealed  deeper  and  cooler 
water.  There  was  dang(>r  that  the  foot  valve,  which  was 
in  the  channel,  would  frequently  become  choked  with  fish 
and  floating  debris.  Constructing  a  box  for  the  protection 
of  the  valve  was  not  difficull,  liiit  to  design  a  pa.ssagcway 
and  j)la<form  over  the  water,  that  the  screen  might  be 
daily  cleared,  demanded  ingenuity. 


The  illustration  shows  the  construction  of  a  suspension 
Ijridge,  which  solved  the  problem.  As  shown,  AA  are  two 
posts  about  90  ft.  apart,  mounted  one  on  each  side  of  the 
river  in  line  with  the  mouth  of  the  injection  valve.  Con- 
necting them  are  Yo-'m.  woven  wire  ropes  BB,  CO  and  DP. 
The  wires  BB  lead  from  near  the  base  of  the  poles,  and. 
through  lag  screws  FF,  support  the  10-in.  planks  EE 
and  the  50x60-in.  platform  G.  HE  are  two  2-in.  pipes 
serving  to  spread  the  wires  BB  for  the  better  support  of 
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Details  of  Bhidgk  CoxsTKrcTiox 

the  platform,  as  shown  in  the  plan.  The  wires  CC ,  l>e- 
sides  helping  to  supi>ort  the  ])latform  by  passing  through 
the  top  pipe  of  the  railing  A',  serve  also  as  hand  ropes,  be- 
ing placed  about  30  in.  ai)art. 

The  main  purpose  of  the  ropes  DD  is  to  prevent  undue 
swinging  of  the  bridge  while  the  screen  is  being  lifted 
through  the  30-in.  opening  in  the  platform.  LL  are  heavy 
single-strand  wires  which  .secure  the  planks  to  the  ropes 
CC,  as  is  best  shown  in  the  right-hand  sketch.  They 
serve  to  equalize  the  strain  on  the  upper  and  lower  wires. 
As  the  wires  are  all  galvanized  they  should  last  many 
years. 

R.  ().  Hichakhs. 

Framinghani,  Mass. 

Engineers  and  the  Central  Station 

The  New  York  Edi.son  Co.  has  been  directing  it-  ad- 
vertising iu  PowKU  recently  at  the  engineer  rather  than 
the  owner.  Through  suggestions  that  by  recommending 
the  Edison  service  to  their  em]iloyers  they  can  "get  away 
from  the  di.sagrecable  details"  improve  their  condition  and 
'■get  in  on  the  executive  side  of  the  job"  the  Edison  (.'o. 
is  trying  to  get  engineers  by  their  own  recommendidioiis 
to  let  tile  Edison  scrvuc  in— mid  themselves  out. 

The  engineer  is  apt  to  linvc  less  work  to  do  and  lo 
get  more  time  for  self-improvement  when  the  Kdisoii  .ht- 
viee  comes  iu.  but  his  pay  is  a])!  to  stop  at  the  same  time 
with  the  work,  and  selfim))rovenient  does  noi  buy  shoes 
for  the  children. 

Ahy  city  plant  of  such  size  that  the  salary  of  a  cam- 
pctent  engineer  will  not  be  disproportionate  to  the  output, 


678 


r  0  W  E  R 


Vol.  37.  Xo.  19 


aud  which  has  use  for  its  exhaust  steam  can  make  light. 
heat  aud  power  cheaper  thau  the  central  station  can 
make  aud  distribute  it.  Any  owner  of  such  a  plant  who 
allows  himself  to  become  involved  in  a  long  contract  with 
the  central  station  is  losing  money,  aud  the  engineer  is 
losing  money,  too,  for,  notwithstanding  all  the  talk  about 
getting  in  on  the  executive  side  of  the  job,  cases  are  not 
in  evidence  where  the  engineers  are  getting  more  money 
for  pulling  Edison  switches  than  for  intelligently  admin- 
istering a  complete  power  plant. 

The  writer  recalls  one  case  in  which  Edison  service 
was  substituted  for  the  private  plant  and  the  engineer 
was  retained  to  run  the  heating  plant.  He  advised  his 
employers  that  it  would  be  more  economical  to  operate 
their  own  light  and  power  plant  which  was  already  in- 
stalled, and  supply  the  entire  service.  The  York  Service 
Co.,  a  subsidiary  of  the  Xew  York  Edison  Co.,  made  a  bid 
to  operate  the  plant  for  a  fixed  annual  charge  and  got  it. 
The  engineer  had  to  get  out. 

In  another  case  a  plant  of  about  5(10  hp.  was  being 
sought  after  by  the  central  station,  although  the  operating 
engineer  did  his  best  to  induce  the  owners  to  continue 
operation.  They  would  not  listen  to  his  argument,  how- 
ever, aud  the  Edison  Co.  have  a  contract,  a  short  one  I 
believe,  to  supply  the  elctric  current.  The  steam  part  of 
the  plant  has  to  be  run  for  manufacturing  purposes  as 
well  as  heating  in  winter,  but  a  cheaper  man  can  do  this. 
The  engineer  now  has  to  look  for  another  position. 

These  are  both  fine  examples  of  graduating  to  the  larger 
and  more  productive  side  of  the  job,  but  perhaps  it  is 
only  those  who  advise  the  employer  to  scrap  his  plant  and 
use  Edison  service  that  are  thus  qualified. 

We  hear  much  of  the  new  buildings  equipped  with,  and 
old  plants  shut  down  in  favor  of,  Edison  service.  But 
we  hear  little  of  the  new  buildings  in  which  plants  are 
installed  or  those  who  resume  plant  operation  after  find- 
ing Edison  service  more  expensive. 

William  Peckham, 
President,  Xational  Power  Plant  Assn. 

Xew  York  Citv. 


How  Were  the  Diagrams  Taken? 

The  diagrams  herewith  shown  were  taken  from  a 
82x48-in.  Allis-Chalmers,  first-motion,  Corliss  valve, 
duplex  hoisting  engine,  which  is  equipped  with  air 
brakes  and  reversing  gear  and  drives  two  drums — one 
cage  going  up  while  the  other  goes  down.     It  hoists  up  a 


Another  Boiler  Graphite   Feeder 

To  make  this  graphite  feeder,  I  took  an  old  cylinder 
(A)  strong  enough  to  stand  a  pressure  of  150  lb.  and 
connected  it  with  a  %-iu.  pipe  (B)  from  the  first  sec- 
tion of  our  feed-water  heater  to  the  top  of  the  cylinder: 
an  air  cock  on  the  top  of  the  cylinder  is  used  to  keep 
the  tank  from  becoming  air-bound.  At  the  bottom  of  the 
CTlinder  is  a  i/4-iu.  connection,  with  a  cock,  to  draw  off 
as  much  water  as  is  required ;  also  a  1-in.  pipe,  fitted  with 
a  valve,  dischaTging  from  the  bottom  of  the  cylinder  di- 
rectly to  the  boiler-feed  line.     A  funnel  is  provided  to 


1500-ft.  slope,  one  car  every  minute.  The  engines  are 
new  and  in  first-class  condition.  How  were  the  dia- 
grams taken? 

W.  H.  Brooks. 
Franklin  Furnace,  X.  .J. 


Graphite  Feedei;  Fskd  with  Feed-Water  Heater 

facilitate  the  pouring  in  of  the  mixed  water  and  graph- 
ite. 

The  reason  for  taking  water  from  the  first  section  of 
the  feed-water  heater  is  that  the  water  there  is  much 
cooler,  which  assists  in  giving  the  compound  a  rapid  cir- 
culation through  the  cylinder  and  into  the  feed  line, 
where  the  water  is  much  hotter. 

I  find  this  way  of  putting  the  compound  into  the  boil- 
ers in  liquid  form  very  satisfactory,  the  compound  feed- 
ing through  quickly  when  the  water  in  the  first  section  of 
the  feed-water  heater  is  cooler  than  that  discharged  from 
the  compound  cylinder  into  the  feed  line.  If  the  water 
is  of  the  same  temperature,  it  will  take  longer  to  deliver 
the  compound  from  the  cylinder  into  the  feed  line. 

Lewis  Carr. 

Xew  York  City. 
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Trouble  with  Hot-Water  Piping 

In  our  ten-story  office  building  we  liave  a  liot-water 
(.irculating  system,  the  water  being  heated  in  a  large  iron 
tank  in  which  there  is  arranged  36  ft.  of  4-in.  brass  pipe. 
Through  the  brass  pipe  are  circulated  the  vacuum  re- 
turns. In  the  opposite  end  of  the  tank  there  are  36  ft. 
of  3-in.  brass  pipe  in  which  the  exhaust  is  circulated  to 
help  do  the  heating.  The  water  is  maintained  at  a  tem- 
perature of  160  to  170  deg.,  and  is  kept  under  circulation 
continuously  under  a  pressure  of  90  lb. 

Our  principal  trouble  comes  from  the  pipe  lines  giving 
out,  and  also  the  tank  which  has  been  renewed  once.  Re- 
newing the  tank  is  not  so  bad,  but  when  it  comes  to  the 
lines,  which  are  in  nearly  every  case  buried  in  the  floors, 
and  in  many  cases  in  tile  floors,  it  means  a  bad  job.  Is 
there  any  way  in  which  we  can  safely  clean  these  lines 
without  taking  up  the  piping?  The  pipes,  of  course,  be- 
come well  stopped  up  with  barnacles  and  in  some  cases 
give  out.  The  tank  is  cleaned  regularly.  We  use  city 
water  which  is  from  the  Susquehanna  River.  It  is  filtered 
bv  the  sand  process  and  alum  is  added.  Any  informa- 
li(in  on  the  subject  will  be  greatly  appreciated. 

Asa  p.  Hyde. 

Binghamton,  X.  Y. 


after  the  valves  had  been  ground  in  and  as  much  of  the 
lost  motion  in  the  valve-gear  taken  up  as  circumstances 
would  permit. 

Diagrams  5,  6  and  7  are  also  from  an  old-style  engine 
built  some  time  in  the  sixties.  This  engine  had  poppet- 
admission  valves  actuated  through  the  governor  and  plain 
slide  exhaust  valves  located  beneath  the  cylinder  and 
actuated  by  an  eccentric  on  a  shaft  beneath  the  crosshead 
guides,  and  driven  through  a  pair  of  double  gears  from 
the  side  or  lay  shaft. 

Diagram  5  shows  the  valve  setting  as  found  and  with 
the  engine  carrying  a  light  load,  while  diagram  6  was 
taken  under  normal  load.  Diagrams  5  and  6  were  taken 
with  a  50-lb.  spring,  while  diagram  7  was  taken  with  a 
30-lb.  spring  and  shows  the  valve  setting  corrected. 

The  governor  and  entire  valve  motion  were  in  a  de- 
plorable condition,  and,  as  the  principal  object  of  indi- 
cating was  to  determine  the  possibility  of  making  this 
engine  do  an  additional  amount  of  work  while  an  entire 
new  plant  was  installed,  no  repairs  whatever  were  at- 
tempted. With  the  steam  pressure  increa.sed  to  100  lb., 
this  engine  carried  a  load  of  160  hp.  for  three  months, 
when  the  new  engines  were  installed. 

C'hai;le8  L.  Wake. 

Mayuard,  Mass. 


Diagrams  from    Poppet-Valve  Engines 

The  accompanying  diagrams  taken  from  old-style  pop- 
l)et-valve  engines  may  prove  of  interest  to  readers.  Figs. 
1.  -2,  3  and  4  are  from  a  very  old-style  engine,  with  double- 
scat  poppet  valves  and  was  originally  operated  at  50  r.p.m. 

It  was  installed  in  two  or  three  different  plants  before 
i.iifhing  the  plant  at  which  these  diagrams  were  taken, 
and,  during  the  vicissitudes  of  its  career,  the  governor 


Mud  in  Steam 

Mud  in  boilers  is  common,  but  mud  in  steam  lines  is 
new  to  me.  We  have  two  150-hp.  return-tubular  boilers 
operated  together.  Feed  water  is  taken  from  a  creek  of 
apparently  clear  water,  but  we  have  considerable  trouble 
with  what  appears  to  be  mud  in  the  steam  lines.  It  is 
particularly  troublesome  on  the  pumps,  coating  tiie  tap- 
pets and  stopping  the  ]nnnp.     I  have  taken  a  teaspoonful 


Cylinder  ISj^Se-eS  rp.m. 
M.e.plB^SIb.  '"^ 

,  Ihp,  4«.52lb. 
^      JO  Spring^/      (. 


Cylinc(erl5|'<;6-62rpn 
Me.p.27.5lb. 
^Ihp  82.19  lb. 
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DiAcitAMs  i-iioM  Mr. I)  l'iii'i't:T-\'Ai.vK  Knoi.n-es,  Showing  Effect  of  Ai).iisTi\(i  \'aeve-(;eai! 


had  been  adjusted  so  as  to  give  a  speed  of  75  r.p.ni.  Tins 
was  in  excess  of  the  power  requirements  of  the  last  plant 
as  is  evidenced  by  an  inspection  of  the  diagram. 

The  port  openings  for  i)otli  steam  and  exhaust  valves 
are  2%  in.  at  the  bottom  and  2ys  in.  at  the  top,  giving  a 
]Kirt  area  of  11.9  sq.in.  The  result  of  this  is  plainly  .shown 
bv  the  cxliau.st  line,  especially  that  part  from  the  point 
(if  relief  to  mid-stroke.  The  back-pressure  line  has  been 
drawn  on  each  card  and  represents  the  actual  pressure  in 
tiio  6-ln.  exliaust  ]>ipe  at  about  3  ft.  from  the  cylinder. 

Diagram  1  shows  the  valve  setting  as  it  was  originally 
found,  while  diagrams  2  and  3  show  the  successive  steps 
in  the  setting  of  these  valves,  and  diagram  4  was  taken 


(if  sediment  out  of  the  tM|ipcl  (best  and  inside  (iT  an  hour 
taken  out  another. 

The  inside  of  tiie  steam  chests  on  all  pumps  and  en- 
gines is  coated  with  a  similar  substance.  We  scrajjcd 
about  a  quart  out  of  the  steam  chest  in  a  24x27'/4-in.  cyl- 
inder a  couple  of  days  ago.  and  only  got  about  half  of 
it  out  at  that.  It  also  affects  the  action  of  the  governor 
on  a  liigb-si)eed  lighting  unit,  because  this  mud  gets  in 
the  steam  chest  and  kccjjs  the  valve  dry;  oil  seems  to 
have  very  little  effect  on  it. 

I  saw  a  l/o-in.  steam  line  fdled  after  standing  unnscd 
for  two  or  tliree  weck.s,  and  the  line  had  to  l)e  taken  down 
and  cleaned  out  before  steam  could  get  through  it. 
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A  duplex  pump  is  located  underground,  and  the  ex- 
haust steam  was  a  source  of  annoyance,  so  we  piped  the 
exhaust  into  the  suction,  making  the  pump  act  as  its  own 
condenser,  this  solved  the  steam  problem,  and  things  went 
along  nicely  for  about  two  days,  when  it  was  necessary 
to  repack  the  plungers,  upon  taking  off  the  follower,  not 
a  sign  of  the  old  packing  wa.s  in  evidence ;  the  plungers 
were  as  bare  as  the  day  they  were  made,  and  that  was  the 
case  for  .some  time.  The  packing  would  disappear  in 
two  or  three  days. 

We  finally  came  to  the  conclusion  that  this  was  because 
the  pump  was  not  closely  watched  and  because  of  a  small 
sump.  The  pump  would  run  out  of  water  every  once  in 
a  while  and  the  steam  entering  the  water  cylinder  would 
l)urn  out  the  packing  or  soften  it  so  that  it  would  separate. 
We  piped  the  exhaust  to  the  atmosphere  and  have  since 
had  less  packing  to  do. 

White  Horse,  Y.  T.  11.  Taluot. 

Manipulating  Overhead  Valve  from 
Floor 

A  valve  in  our  plant  must  be  opened  and  closed  many 
times  a  day.  To  do  this,  one  must  climb  a  ladder,  as  the 
valve  is  connected  in  a  line  that  "hugs"  the  ceiling.  To 
save  myself  the  labor  of  climbing  the  ladder,  I  improved 


OvKiair.AU  N'alvk  Oi'kijatku  fi;o.\i    Flooh  hy  Cohd 

the  valve  in  the  following  manner: 

From  a  large  block  of  wood  a  flanged  drum  was  made 
to  be  faste!ied  to  the  handwheel  of  the  valve.  A  %-in. 
rope  was  wound  around  the  drum  and  run  through  small 
pulleys,  from  which  it  dropped  nearly  to  the  floor.  By 
simply  pulling  on  the  ropes  the  valve  can  be  opened  or 
closed  from  the  engine-room  floor. 

Holly,  N.  Y.  Mahtin  MoUeery. 

Saved  Engine  Oil 

In  a  small  plant  the  oil  consumption  of  a  four-valve, 
spiash-oiled  engine  was  extremely  high.  A  pail  was  al- 
ways kept  under  the  oil  stuffing-box  to  catch  the  drip  and 
as  all  oil  so  .secured  was  run  through  a  filter  it  looked 
as  if  most  of  the  oil  was  being  .saved.  Quite  a  stream  of 
oil  came  through  this  stuffing-box,  which  was  difficult  to 
pack  satisfactory.  Most  packings  contain  rubber  and 
such  would  soon  be  destroyed  by  the  action  of  the  oi!. 
Packings  containing  no  rubber  were  tried  with  but  little 
better  results,  as  the  box  was  so  shallow  it  was  impos- 
sible to  get  in  a  sufficient  amount  to  hold  tight. 

A  new  piston  rod  was  put  in  and  metallic  packings  were 
used,  one  for  the  steam  and  the  other  for  the  oil  stuffing- 


box.  The  results  were  disappointing,  as  the  oil  came 
througli  almost  as  persistently  as  before,  although  the 
steani-^'od  packing  ^worked  satisfactorily  and  bx)th  sets 
were  identical.  No  mechanical  defects  were  apparent  on 
the  oil  packing  and  after  30  days'  running  there  was  but 
a  very  slight  improvement. 

^'ari()us  grades  of  oil  were  tried  with  but  little  dift'er- 
enee  in  the  result.  It  was  then  observed  that  when  the 
engine  was  operating  a  light  smoke  continually  issued 
from  the  two  top  ventilators  of  the  engine  frame.  A  fin- 
ger rubbed  oh  a  window  or  hand  rail  in  the  engine  room 
showed  the  presence  of  oil,  and  it  was  apparent  that  oil 
was  vaporizing.  As  the  engine  was  completely  inclosed  it 
was  supposed  that  the  oil  got  hot  after  a  short  run.  At 
the  close  of  a  ten-hour  run  a  thermometer  was  placed  in 
the  oil  at  the  bottom  of  the  engine  frame,  but  it  registered 
no  more  than  110  deg.  F.  Surely  110  deg.  would  not 
vaporize  the  oil.  Cylinder  oil  was  then  tried  and  it  was 
the  same  story  over  ag^in. 

Because  so  much  oil  worked  past  the  oil  packing  it 
showed  that  considerable  oil  was  thrown  against  this 
point  iiy  the  rapidly  moving  parts  dipping  in  the  oil,  and 
a  good  deal  of  this  oil  came  in  contact  with  the  hot  piston 
rod,  hence  vaporization.  The  problem  then  was  to  pre- 
vent the  oil  from  getting  back  to  this  point. 

In  this  engine  the  greater  part  of  the  oil  is  thrown  by 
the  engine  crank  and  something  like  90  per  cent,  would 
miss  the  crosshead  and  be  thrown  to  the  rear  of  the  frame 


Section  of  Engine  Frame,  Showing  Oil  GuAiin 

where  the  crosshead  splashed  it  on  the  rod,  when  it  would 
work  out  through  the  stuffing-box. 

After  various  experiments  a  sheet-iron  plate  was  placed 
across  the  frame  close  to  the  engine  crank.  It  was  tightly 
fitted  to  the  sides  of  the  frame  and  in  the  center  just 
enough  space  was  left  to  permit  the  connection  rod  to- 
work  freely.  This  formed  a  partition  that  prevented  oil 
getting  to  the  crosshead  and  other  parts  except  what  was 
thrown  through  the  slot  in  the  plate.  After  this  change 
the  fog  ceased  coming  from  the  ventilators  and  only  oc- 
casional drops  from  the  stuffing-box;  further,  a  very  ma- 
terial drop  in  oil  consumption  was  accomplished.  For 
instance,  in  a  269-hour  run,  45  gal.  of  oil  were  u.sed  be- 
fore the  change,  or  six  hours  per  gallon  of  oil.  After  the 
change  but  4  gal.  were  used  for  143-hour  run,  or  35.7 
hours  per  gal.  of  oil.  This  saving  in  the  amount  of  oil 
well  repays  the  effort  expended. 

The  oil  people  let  us  have  their  expert  engineer  who- 
spent  a  day  with  us  and  materially  assisted  in  making  this 
saving.  The  engine  was  watched  carefully  for  the  next 
few  days  for  signs  of  insufficient  lubrication,  but  it  ap- 
peared to  be  getting  all  it  required,  and  after  60  days'  op- 
eration, no  bad  effects  have  been  observed. 

Geneva,  Neb.  G.  S.  Spuaguk. 


Max  ):;.  11)13  PO  WEE  r.si 
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Wavy  Lines  on  Pump  Diagrams 

1)1  rciily  to  S.  F.  Keyiiolds"  qiu'iT,  in  the  Apr.  8  issue,  as 
to  wliiit  i-auses  the  wavy  suetioii  lines  on  his  pump  dia- 
grams. 1  would  suggest  as  follows : 

In  the  tirst  place  this  wavy  line  is  due  to  the  fact  that 
the  suction  pressure  is  not  constant  at  that  part  of  the 
stroke  wjiich  is  shown  from  the  diagram  to  be  the  be- 
ginning of  the  stroke.  This  is,  no  doubt,  due  to  the  sudden 
reversal  or  stoppage  of  the  movement  of  the  water  col- 
umn, which  occurs  in  all  reciprocating  pumps  at  the  end 
of  each  stroke.  This  sudden  stoj)page  causes  fluctuations 
in  the  suction  pipe  and  vacuum  chamber,  which  mo- 
mentarily bring  the  suction  pressure  first  up,  then  down, 
giving  the  wavy  line  as  shown.  These  irregulatities  may 
be  decreased  by  using  a  vacuum  chamber  in  the  suction 
line  of  the  pump,  but  can  probably  never  be  entirely  elimi- 
nated. The  writer  has  never  seen  a  pump  diagram  in 
which  the  suction  line  was  entirely  free  from  "waves." 

GiiANDON  D.  Gates. 

f^rncca   Falls,  X.  Y. 

Thermometer     and   Mercury  -  Column 

Readings  on   High -Vacuum 

Condensers 

In  the  Dec.  31  issue,  page  !ttS4,  is  a  letter  from  James 
L.  Jlayjie.s,  discussing  an  article  on  the  above  subject 
that  ap))eared  in  the  \ov.  1!)  issue.  I  wish  to  submit  the 
following  comment  on  Mr.  Haynes'  letter: 

Since  most  of  tiie  air  in  the  condenser  seeps  in 
through  the  pores  of  the  condenser  and  the  exhaust  pip- 
ing and  their  joints,  particularly  the  latter,  the  percent- 
age of  air  present  in  the  steam  at  the  e.xhauat  nozzle  of 
a  steam  turbine  is  negligible.  If  an  accurate  thermom- 
eter IS  ])laccd  either  in  the  exhaust  nozzle  of  a  turbine 
07  in  tlie  exhaust  piping  leading  to  the  condenser  and  soi 
inserted  that  it  is  subjected  to  the  action  of  the  flowing 
steam,  not  being  placed  where  a  pocket  of  air  can  form, 
it  will  give  the  t*'m[>erature  corresponding  to  the  abso- 
lute exhaust  pressure  nt  that  ))oint  more  accurately  than 
the  average  or  ordinary  mercury  column.  This  will 
eliminate  correcting  for  the  barometric  pressure,  the  dif- 
ference of  elevation  between  the  barometer  and  the  mer- 
cury column,  using  the  correction  constant  of  the  barom- 
eter if  an  aneroid  is  used,  and  correcting  for  the  tem- 
peratiirc  rif  the  iiicicury  and  the  scale  used  and  for  the 
ca))illarity  of  the  gliiss  tube,  aside  from  any  accidental 
errors. 

TTducvcr,  the  metal-case  thermometer  used  mu.st  he 
accnrntr  and  placed  near  the  turbine-exhaust  nozzle 
and  so  designed  that  the  mass  of  the  metal  (tase  i-s  small 
80  as  not  to  give  too  great  a  time  lag  to  the  thermom- 
eter registration.  .Mso  the  metal  case  which  screws  into 
the  piping  wall  should  be  insulated  from  the  thermom- 
eter to  ()revent  error,  due  to  the  heat  flowiitg  from  tlie 
hotter  walls  of  the  turbine  cylinder. 


Incidentally  a  thermometer  is  more  sensitive  for  high 
vacuum  (see  Table  1,  in  Marks  &  Davis  "Steam  Tables"). 

While  with  a  reciprocating  engine  the  exhaust  steam 
may  be  superheated,  due  to  the  retHaporation  at  a  lower 
pressure  of  the  steam  initially  condensed  on  the  cylin- 

.St«am  Pressure 

Lb-  Initial  Superheat  Deg.   F.    Necessary   to  Get  Superheat  in 

Absolute  Gage  the    Exhaust    Steam 

220         205  3       430  .570 

200  ISo  3  410  550 
180  165  3  390  530 
160         145  3        370  500  650 

140         125  3        340  470  620 

120         105  3        ...  430  580  650 

lOf)  85  3  390         540         600         700 

80  65  3  480  570  630 

60  45  3  390  480  .530  630 

40  25  3  420  470  560  700 

30  15  3  380         63D 

15  0  3  460 

Absolute    ex- 
haust    pressure 

pounds  ./O" 14  7.  8  4  3  2  15         10         0  75 

Vacuum     inches 

hg Atmos.       1"  2\l"       23"  25"  26"  28"  29" 

Note — These  values  were  taken  from  the  Mollier  chart  in  the  Marks  & 
Davis  book  of  steam  tables. 

der  walls,  with  a  turbine  and  its  continuous  flow  of  the 
steam,  there  is  not  much  chance  of  getting  any  super- 
l;eat  in  the  exhaust  steam,  under  any  commercial  condi- 
tions of  operation. 

The  turbine-efficiency  ratio  on  the  Clausius  (Raiikine) 
cycle  will  run  from  50  to  80  per  cent.,  and  the  heat 
losses,  due  to  bearing  friction  and  to  the  residual  veloc- 
ity in  the  exhaust  steam,  do  not  affect  the  expansion  of 
steam  in  the  blading  nor  the  quality  of  the  exhaust 
steam,  so  that,  for  all  practical  purposes,  we  can  consider 
tlie  exhaust  steam  as  not  being  superheated. 

The  accompanying  table  gives  the  necessary  superheat 
m  the  steam  for  the  exhaust  steam  to  be  .superheated, 
assuming  a  barometric  pressure  of  14.7  lb.  per  sq.in. 
and  adiabatic  (])erfect)  expansion. 

(hahi-ics  K.  Caiu'enter. 

ItlKKM.    X.    Y. 


Another   Blowoff-Tank   Explosion 

In  the  Mar.  4  issue  apjicars  an  account  of  a  l)lowolf-tank 
explosion  which  is  similar  to  an  accident  that  happened 
here  recently. 

We  have  two  boilers,  the  Mowoll'  jiipes  of  wliirli  enter 
a  common  blowoff  tank  jilaccd  just  outside  the  boiler-rooiH 
wall,  with  the  top  of  the  tank  about  2  in.  below  the  gi-ouiul 
level.  This  tank  is  cast  iron  3  ft.  in  diameter  and  3  ft. 
deep  with  a  4-in.  iiipe  to  llie  city  sewer  and  a  214-in. 
vent  ])i{)e  fastened  to  the  wall  outside  and  rising  2  ft. 
above  the  roof.  The  pipes  from  the  boilers  to  the  tank 
arc  2yn  in.  in  diameter. 

One  moniing,  on  blowing  down  a  boiler  nn<lcr  'i.')  lb. 
pressure,  I  had  opene<l  the  blowoff  valve  abonl  three- 
quarters  of  the  way  wlien  there  was  a  loud  explosion  out- 
side of  the  building.  Shutting  the  valve  T  found  that  the 
lank  cover  had  bei'ii  blown  olT.  This  cover  wa.s  about  1  ft. 
in  diameter  and  fastened  to  the  top  of  the  tank  with  six 
%-in.  bolts.  These  bolts  h;id.  with  one  exception.  f>ulled 
througli  the  top  of  the  tank  by  breaking  off  jiicces  of  ik» 
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head  from  the  holt-hole  circle  to  the  iuner  rim.  One  bolt 
held  aud  with  it  was  a  piece  of  cover  3  in.  in  diameter. 
The  rest  of  the  cover,  which  weighed  15  lb.,  I  foimd  ou 
the  other  side  of  three  railroad  tracks  160  ft.  from  the 
boiler  room. 

The  real  cause  of  the  explosion  has  never  been  ex- 
plained to  me.  It  was  a  cold  morning  aud  ice  might  have 
formed  in  the  pipe  to  the  sewer  or  the  pipe  might  have 
been  obstructed  in  some  other  way,  but  it  was  unob- 
structed on  the  evening  before,  as  was  the  2i^-in.  vent 
to  the  atmosphere. 

Perhaps  some  reader  of  Power  could  give  an  explana- 
tion as  to  the  cause  of  this  accident. 

L.  H.  Stark. 

Delevan,  Wis. 

Use  of   Fuel  Oil 

Your  editorial  in  the  Jan.  l-t  issue,  on  "Use  of  Fuel 
Oil"  appeals  to  me,  as  this  question  has  been  prominently 
before  the  engineers  of  this  part  of  the  country  for  sev- 
eral years. 

Fuel  is  high  priced  at  this  point,  there  being  no  wood, 
and  the  poorest  kind  of  slack  costs  $3  laid  in  the  bin. 
Therefore,  most  steam  plants  in  this  vicinity  are  burning 
oil  and  engineers  in  this  locality  have  done  a  great  deal 
of  experimenting  as  regards  furnace  design  and  arrange- 
ment. As  for  choice  of  burners,  there  have  been  only 
three  different  designs  procurable.  We  have  read  every- 
thing available  on  the  subject,  which  was  very  little. 

Of  course,  the  manufacturer  of  each  burner  gives  his  own 
product  a  flattering  recommendation.  Therefore  I  have 
a  suggestion  to  make,  which,  if  followed,  should  be  of 
benefit  not  only  to  the  oil  dealers,  but  to  the  engineers 
who  are  usmg,  or  who  may  be  contemplating  the  use  of 
oil  as  a  fuel.  My  plan  would  be,  not  for  the  manufac- 
turers of  the  burners  to  get  out  a  lot  of  literature  on  the 
subject,  as  they  would  be  naturally  prejudiced  in  favor 
of  their  own  burners,  but  for  the  oil  dealers'  association 
to  carry  out  the  suggestions  of  your  editorial  by  having 
a  large  number  of  blank  forms  printed,  and  distributed 
among  engineers  of  power  plants  where  oil  is  used  for 
fuel,  the  printed  forms  to  have  a  space  for  descriptions 
of  the  furnace  design  employed  in  each  test  made,  and 
having  the  essential  headings,  such  as  temperature  of 
oils,  pressure  of  oils,  pressure  of  steam  used  on  the  burner, 
position  of  dampers,  ash  doors,  water  evaporated  per  gal- 
lon of  oil.  and  all  practical  details,  though  not  going  into 
such  technical  points  as  flue-gas  analysis,  etc.,  as  very 
few  engine  rooms  are  equipped  with  instruments  for  ob- 
taining such  information,  and  reference  to  unnecessary 
refinement  might  discourage  users  of  fuel  oil  from  mak- 
ing returns  of  valuable  practical  data. 

These  blank  forms  should  then  be  distributed  among 
the  oil-burning  engineers  in  all  sections  of  the  country. 
The  kind  of  burner  used,  and  all  other  leading  practical 
details  regarding  the  oil  system  used  should  be  included 
in  the  report  forms.  When  these  reports  were  returned 
to  the  associations,  they  could  be  summarized  in  the 
form  of  a  circular  for  the  mutual  benefit  of  the  oil  deal- 
ers and  their  customers  and  sent  out  to  iisers  and  pros- 
pective users  of  fuel  oil.  In  doing  this  the  association 
would  not  be  showing  partiality  to  any  make  of  burner, 
and  each  engineer  could  see  just  what  others  were  doing 


and  how  it  was  being  done,  and  the  movement  would  be 
bound  to  procure  hundreds  of  new  customers  for  the  oil 
dealers. 

Those  already  equipped  with  burners  could  remedy 
their  faults  aud  those  contemplating  the  use  of  oil  as  a 
fuel  could  have  the  benefit  of  the  experience  of  all  the 
rest  as  a  guide  to  their  own  choice  of  burner,  and  to 
their  preferences  in  furnace  designs. 

If  the  association  would  not  set  this  plan  on  foot,  I 
believe  it  would  be  very  helpful  to  engineers  were  the 
different  engineers  over  the  country  to  send  such  reports 
to  Power,  and  thus  enable  all  interested  to  secure  very 
comprehensive  data  on  the  subject. 

JoHX  Pierce. 

Kiowa,  Kan. 

[Our  correspondent  has  offered  some  very  sensible 
recommendations  for  putting  the  suggestions  of  our  edi- 
torial into  practical  operation  and  it  is  to  be  hoped  that 
the  dealers  in  fuel  oil  will  avail  themselves  of  the  op- 
portunities referred  to.  Whether  or  not  any  action  is 
taken  by  the  dealers  we  will  be  glad  to  give  space  in  the 
columns  of  Power  to  any  data  that  may  be  of  value  to 
those  of  our  readers  who  are  interested  in  the  subject  of 
fuel  oil. — Editor.] 

Blovvoff  Cock  Explodes 

The  account  of  a  piston  explosion  as  described  on  page 
321  of  the  Mar.  4  issue  rejiiinded  me  of  a  similar  accident 
in  our  plant. 

A  blowoff  pipe  had  split  and  the  pipe  fitter  found  it 
necessary  to  heat  the  blowoff  cock  to  get  it  off  after  the 
pipe  and  cock  had  been  removed  from  the  boiler.  The 
plug  of  the  cock  must  have  contained  water,  because  soon 
after  being  placed  in  the  forge,  an  explosion  occurred,  de- 
stroying the  blowoff'  cock  aud  doing  considerable  damage 
to  the  shop.     Fortunately,  no  one  was  seriouslv  injured. 

B.  S.  Haxson. 

Broad  Brook,  ('onn. 

Flow  of  Water  over  Weirs 

B.  D.  Moses  has  made  some  serious  errors  in  his  article 
on  the  above  subject,  on  page  258  of  the  Feb.  25  issue.  In 
his  treatment  of  the  triangular  weir  he  states  that  the  dis- 
charge may  be  represented  by  a  volume  the  value  of  which 

is 

i\  K  V  2  (jh 

where  K  is  the  ratio  h/'lli.  He  then  states  that  if  Z  =  1, 
then 

Q  =  1%  VTp 

which  is  not  consistent  with  the  first  equation. 

[The  placing  of  lu  under  the  radical  sign  in  the  above 
formula,  as  given  in  Mr.  Moses'  article,  was  not  the  au- 
thor's error,  but  was  a  typographical  one. — Editor.] 

Then  introducing  a  coefficient  of  discharge  of  0.6  he 
obtains 

Q  =  2.5iMii 
which  is  not  consistent  with  either  of  the  above  equations. 
Xone  of  the  three  are  correct. 

The  volume  in  question  has  the  value 
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aud,  if  A'  =  1  for  the  90-deg.  notch,  theu 

introducing  the  coefficient  of  discliarge  of  0.6  theu 

Q  =  3.56  k' 
The  value  of  tlie  coefficient  used  is  prohably  close  enough 
for  most  luirposes,  but  the  more  common  value  is 

Q    =    2.5-1:    /l? 

For  a  discussion  of  that  [Joint  see  Poweu,  Sept.  20,  1910, 
page  16S4. 

At  the  end  of  the  article  Mr.  Moses  states  that  the 
Francis  formula  for  suppressed  weirs  is 

Q  =  Vhh 
in  which  ('  is  a  coefficient  depending  upon  the  number  of 
contractions.     In  the  first  place  a  suppressed  weir  is  one 
that  has  no  contractions.     The  Francis  formula  for  the 
suppressed  weir  is 

Q  =  3.33  hk' 
The  Francis  formula  for  the  weir  with  end  contractions  is, 

(J  =  3.33   (h  —  0.1  nh)  hi 
in  which   11   is  the  number  of  contractions,  usually  two, 
though  occasionally  one  may  be  encountered. 

l\.  L.  Dauguerty. 
Ithaca.  X.  Y. 

Should  the  Engineer  Be  Factory 
Fire  Chief? 

The  editorial  on  the  above  subject  in  the  Dec.  21  is- 
sue takes  the  correct  position ;  but  it  might  have  treated 
the  subject  at  greater  length.  Preventing  loss  by  fire  is 
so  important  in  factories  that  it  is  w'orth  discussing  to 
some  extent.  The  latest  figures  show  that  fire  losses  in  the 
United  States  during  1912  reached  220  to  250  million 
dollars.  Although  this  does  not  cover  the  losses  of  all 
fires,  nevertheless,  it  is  sufficient  to  stimulate  anyone  to 
action,  especially  if  he  is  connected  with  manufacturing 
establishments,  where  the  loss  in  any  one  case  is  gen- 
erally very  large. 

The  extent  of  the  loss  of  human  life  has  not  been 
pointed  our  here :  but  the  safeguarding  of  life  should  be 
the  chief  reason  for  fire  prevention.  From  the  way  in 
which  even  ordinary  precautions  are  sometimes  ignored 
or  violated,  is  it  surprising  that  many  factory  owners 
have  been  put  on  trial  for  criminal  negligence  after  a 
fatal  fire  in  their  establishments?  If  the  risk  of  destruc- 
tion by  fire  were  to  be  reduced  or  the  possibilities  for  the 
sjireading  of  a  fire  reduced  to  a  minimum,  the  rate  of 
insurance  would  be  lowered;  the  employees  would,  prob- 
ably, work  at  a  higher  efficiency  because  the  fear  of  a 
panic  wouhl  be  remote. 

When  a  fire  breaks  out.  the  engineer  is  likely  to  be  in 
the  ])ower  house,  wliich  may  be  some  three  hundred  feet 
front  the  main  building.  What  is  needed  is  not  so  much 
a  single  man  who  will  act  as  fire  chief,  but  a  number  of 
men  well  distributed  about  tlic  plant,  who  will  always 
be  present  to  take  immediate  command  of  the  workers 
in  case  of  fire. 

Whenever  a  fire  alarm  is  given,  it  should  be  sounded 
in  all  parts  of  the  property  where  tlie  engineer  might 
be.  so  that  he  could  hurry  to  his  post  in  the  station  and 
direct  his  men  in  their  part  of  the  fire  fighting,  which 


should  be  confined  to  the  management  of  the  fire  pump, 
etc. 

The  engnieer  should  also  test  all  fire  pumps  at  regular' 
intervals  to  insure  perfect  readiness  and  prompt  response 
in  time  of  need,  as  well  as  inspect  or  suggest  fire  appli- 
ances about  the  plant. 

Ai.BKKT   H.    Israel. 

New  York  City. 

I  It  was  not  our  piirpose  to  summarize  editorially  the 
means  for  fire  prevention,  as  that  is  out  of  our  field.  Our 
aim  was  and  is  to  stop  the  practice  of  adding  to  the 
responsibilities  of  the  engineer  by  appointing  him  to 
assume   the   responsibilities   of   the  factory  fire  chief. — 

P^DITOR.] 

Discussion  of  Oil-Flow  Problem 

In  reply  to  the  letter  of  H.  0.  McCarthy,  in  the  Apr.  8 
issue,  as  to  why  the  new  arrangement  of  piping  causes 
the  storage  tank  to  fill  with  oil  more  quickly,  I  offer  the 
following  two  suggestions: 

With  the  new  arrangement  there  is  no  direct  connection 
lietween  the  tank  wagon  aud  the  storage  tank,  while  in 
the  first  case  the  oil  was  piped  directly  from  the  wagon. 
Possibly  in  the  first  case  sufficient  air  did  not  reach  the 
tank  wagon  to  replace  the  oil  flowing  out,  thus  reducing 
thepressure  on  the  oil  in  the  wagon  sufficiently  to  greatly 
retard  the  flow  of  the  oil.  When  the  open  connection  was 
made,  air  w^as  more  easily  let  into  the  wagon,  thus  in- 
creasing the  flow.  The  increased  size  of  the  pipe  in  the 
new  installation  wuuld  not  account,  of  itself,  for  the  in- 
creased flow. 

It  is  also  possible  that  with  the  old  arrangement  of  the 
closed  circuit  some  entrained  air  was  in  the  storage  tank 
when  the  connection  was  first  made.  As  the  oil  flowed  in 
from  the  wagon  this  air  was  compressed  and  its  pressure 
tended  to  retard  the  flow.  With  the  open  couneetiou  of 
the  new  arrangement  the  air  escaped  into  the  atmosphere, 
and  all  liquid  surfaces  were  sulijected  to  atmospheric- 
pressure. 

GiiAxiJox  I).  Gates. 

Seneca  Falls,  N.  Y. 

Engine   Ratings 

Probably  many  readers  of  Power,  like  myself,  would 
like  to  have  others  shed  some  light  on  the  question  of 
rating  steam  engines. 

(1)  If  we  take  a  modern  high-speed  engine,  say  10x10, 
rated  at  65  i.hp.,  making  350  r.i).m.,  taking  steam  at  100 
lb.  boiler  pressure  and  cutting  off  at  J,  stroke,  then  with 
all  conditions  the  same,  except  that  the  engine  is  loaded, 
reiiuiring  cutott'  at  %  stroke,  will  it  develop  the  increased 
power  and  give  steady  duty  without  undue  heating  of  the 
bearings? 

(2)  Can  continuous  duty  be  obtained  from  this  same 
engine  developing  60  i.li]).  running  250  r.p.m.  supjdied 
with  steam  at  100  lb.  boiler  pressure  and  cutting  off  at 
aliout  1/2  stroke? 

(3)  Or  when  developing  70  {.lij).  running  3?.")  r.p.m. 
and  cutting  off  at  about  }.  stroke? 

.Vssuming  that  the  engine  has  proimr  ]iro]iortions  so 
that  the  different  conditions  of  running  will  not  affect 
the  strength  of  the  materials,  the  adaptability  of  the  en- 
gine to  the  conditions  ]iroposed   would  seem   to  resolve 
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itself  to  the  question  of  lieating  of  the  bearings.  It 
should  be  noted  that  in  condition  (1)  we  would  increase 
the  power  by  continuing  the  initial  pressure  for  a  longer 
period  of  the  stroke;  in  (2)  we  have  maintained  the 
nominal  power  by  increasing  the  cutoff  and  decreasing 
tlie  revolutions  per  minute,  while  in  (3)  we  have  in- 
oreasi'<l  the  indicated  horsepower  by  increasing  the  revo- 
lutions per  minute. 

The  remaining  question  is :  What  provision  do  engine 
builders  nuike  for  the  varying  conditions?  Do  they  ad- 
here to  standards  and  furnish  an  engine  that  falls  with- 
in those  standards  or  do  they  proportion  parts  only  for 
the  ((inditions  most  favorable  to  the  bearings? 

Doubtless  readers  of  Power  who  are  users  of  high- 
speed eiigines  will  be  mutually  benefited  by  an  inter- 
change of  experiences  in  running  such  engines  at  speeds 
and  loads  different  from  the  cataloged  ratings. 

ROBEHT    GiLSON. 

Buffalo,  N.  Y. 

How  Exhaust  Valves  Got  Inverted 

In  reply  to  F.  A.  Hunter's  inquiry  as  to  how  the  ex- 
haust valves  got  turned  upside  down  as  asked  in  the  Mar. 
25  issue,  I  would  advise  that  there  are  only  two  ways 
that  it  could  happen  if  the  lines  on  the  valves  and  cylinder 
coincide  as  they  should. 

One  way  is  for  the  line  to  extend  clear  across  the 
valve,  but  this  is  hardly  probable  as  I  never  saw  or  heard 
of  such  a  manner  of  marking  a  valve.  The  other  way  is 
for  marks  on  the  valves  to  be  at  90  deg.  to  a  center  line 
drawn  perpendicularly  through  the  valve  when  the  wri.st- 
plate  is  on  the  center.  The  valves  nnder  discussion  were 
marked  on  the  side  nearest  the  exhaust-pipe  connection, 
as  shown  in  Mr.  Hunter's  illustration.  If  both  valves 
were  removed  at  the  same  time  it  would  be  ea,sy  to  get 
them  mixed  and,  when  putting  them  back,  to  put  valve  A 
in  valve  B's  place  when  the  valve  would  have  to  be  upside 
flown  for  the  lines  to  match. 

George  P.  Bha.k.v. 

Griuiiell.  Iowa. 


Shall  We  Let  the  Foot-Pound  Wabble? 

C.  p.  Poole,  in  the  issue  of  Mar.  18,  mentions  the 
question  "whether  it  is  more  expedient  in  scientific  work 
to  take  746  as  the  exact  equivalent  (of  the  horsepower  in 
watts)  and  let  the  foot-pound  values  wabble,  or  vice 
versa."  There  is  no  need  of  having  either  the  horsepower 
or  the  foot-pound  wabble  if  we  define  the  horsepower  a.s 
550  foot-pounds  per  second  and  as  equivalent  to  745.70 
watts,  which  is  the  correct  value  to  the  fifth  significant 
figure,  if  we  define  the  pound  force  as  the  force  which 
will  give  one  pound  of  matter  an  acceleration  of  980.665 
cm.  (=33.1740  ft.)  per  second,  this  acceleration  being 
that  produced  by  gravity  at  latitude  45  deg.  at  the  sea 
level.  With  this  value  1  kw.  =  1.3410  hp.,  correct  to  the 
fifth  significant  figure. 

He  says  also  "the  common  jiound  and  ounce  weiglits 
have  not  the  same  absolute  values  at  all  latitudes."  This 
is  true  only  if  he  means  by  pound  weiglit  not  a  certain 
])iece  of  metal  but  the  attraction  of  gravity  on  that  piece 
of  metal.  The  piece  of  metal  has  the  same  value,  that 
is,  quantity  of  matter  at  all  latitudes,  and  the  quantity  is 
determined  by  weighing  it  on  an  even  balance  scale 
against  a  standard  piece  of  metal,  known  as  the  standard 
pound,  at  any  latitude  whatever. 

I  agree  with  him  that  746  w'atts  and  550  ft. -lb.  per 
sec.  will  always  be  used  as  horsepower  equivalents  in  or- 
dinary everyday  work,  just  as  1.34  hp.  will  be  used  as  the 
i'<piivalent  of  a  kilowatt,  but  for  accurate  scientific  work 
the  figures  that  should  be  used  are  745.7,  550  and  1.341. 

Mr.  Poole  once  criticized  the  table  of  equivalent  values 
given  on  page  1347  of  my  pocketbook,  tenth  edition,  as 
being  in  some  respects  inaccurate.  I  have  had  a  new- 
plate  made  with  the  figures  corrected,  and  inclose  a  proof. 
You  will  see  that  in  it  I  make  1  hp.  equal  745.7  watts. 
I  shall  be  glad  if  you  will  reprint  this  table. 

New  York  City.  William  Kent. 

[We  appreciate  the  j)rivilege  of  reprinting  this  table 
as  we  know  it  will  be  useful  to  many  of  our  readers.  Any 
who  have  the  older  edition  of  Professor  Kent's  "Mechani- 
cal Engineers'  Pocket  Book"  will  do  well  to  preserve  tRis 
table  in  it. — Editor.] 


EQUIVALENT  VALUES  OF  ELECTRICAL.  MECHANICAL  AND  HE.\T  UNITS 


Equivalent  Value  in  Other  Units 
1,000  watt-hours 
1.341  horsepower-h<'urs 
2,655,220  ft.-lb. 
3,600,000  joulea 
3415  heat-units 
367,100  kilogram-mi  U'rs 
0.234  ib.  carbon  oxidized  -with  perfect 

efficiency 
3.52  lbs.  water  evaporated  from  and 

at  212°  F 
22.77  lbs.  of  water  raised  from  62°  to 

212°  F 


0  745  7  Kw.-hour 

1,980,000  ft.-lb. 

2546 . 5  heat-units 

273,740  kg.-m. 

0.174  1b.  carbon  oxidised  with  perfect 

efficiency 
2 .  62  lb.  water  evaporated  from  and  at 


212°  F 


'F.  to 


1,000  watts 
1-3410  horsepower 
2.655,220  ft.-lb.  per  hour 
14.254  ft.-lb.  per  minute 
737 .  56  ft.-lb.  per  second 
3415  heat-units  per  hour 
56 .  92  heat-units  per  minute 
0.9486  heat-unita  per  second 
0.234  Ib.  carbon  oxidized  per  hour 
3  52   lb.    water  evaporated   per   liour 
from  and  at  212° 


Unit  Equivalent  Value  in  Other  Units 

(    745  7  watts 
j     0.74.57  Kw. 

33,000  ft.-lbs.  per  minute 
550  ft.-lbs.  per  second 
1         I     2,546.5  heat-units  per  hour 
Hp.  =    1     42.44  heat-units  per  minute 

10 .  707  heat-units  per  second 
0. 174  lb.  carbon  oxidized  per  hour 
2 .  62  lbs.   water  evaporated  per  hour 
from  and  at  212°  F 


1  watt  second 
0.000000278  Kw.-houl 
0.102  kK.-m. 
0.0009486  heat-units 
0.73756  ft.-lb 


1   355.S  joules 
0.1.3826  kR.-m. 
0.0000003766  kw  -ho 
0  0012861  heat-unit 
0  0000005  hp.-hour 


II  joule  per  second 
0.001341  hp. 
3.415  heat-units  per  hour 
Watt  =  1    0.737.56  ft.-lb.  p<-r  second 

0.0035  Ib.  water  evaporated  per  botir 
t    44 .  254  ft.-lb.  per  minute 


1  Watt   [    8.  20  heat-units  per  sq.ft.  per  minute 
per  sq.    {     6373  ft.-lb.  per  sq.ft.  per  minute 
in.   =      1     0.1931  hp.  per  sq.ft. 


Unit  Equivalent  Value  in  Other  Units 

f     1054 . 2  wat  t-seoonds 

i    777  .54  ft.-lb. 
107.5  kilojrram-meters 
0.0002928  kw.-hour 
0.0003927  hp.-hour 
0.0000685  lb.    carbon   oxidized 
0  001030   Ib.    water   evaporated  bom 
and  at  212°  F 

1  He.1t-  f  . 

unit  0. 1220  watt  per  sq.in. 

pefSq.   j  0  017.57  kw.  per  sq.ft. 

Ft.  per  0.02356  hp   per  sq.ft. 


7.233  ft.-lb. 
gram    J    0.000003653  hp.-ho 
Meter    1    0.000002724  kw.-hc 

0. 009302  heat-unit 


lib. 

14,600  heat-units 

Carbon 

1,11  Ib.  anthracite  eoal  oxidized 

Oxi- 

2,5 Ib.  dry  wood  oxidized 
22  cu  ft.  illuminating  gas 

dized 

with 

4 .  275  kw.-hours 

perfect 

5.733  hp.-hours 

Effi- 

ll,.352,000f1.-lb. 

ciency 

15 ,  05  lb.  of  water  evaporated  from  and 

= 

at  212°  F 

lib. 

0.2841  kw.-hour 

Water 

0  3811  hp.-hour 

Evap. 

970.4  heat-units 

from 

104,320  kilogram  meters 

and  at 

1,023,000  joules 

212°  F 

754„525  ft.-lb. 

= 

0.066466  lb.  carbon  oxidized 

M;iy  in.  i;ti:5  I'  t)  W  Kl?  (185 
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Fitting   Pinion   KinKM — AVhen   new  pistn 
tion    how   far  apart   should    the   ends   be? 


Ill     1>.)SI- 

A.  P. 


About    ^'i;i    in.    for 


vlinder    of 


Pump    Slip — \\'hat    allo-wance    is    usually    made    for    slip    in 
pumps? 

15.    S. 

For   new    pumps    working    at    normal    speed    5    per    ei-nt.    is 
usually   allowed    for  slip. 


BypaHH  Vi 


-What  is  a  bypass  valve 


id 


/hat 


it   for? 


A  bypass  valve  is  a  gate  or  disk  valve  (usually)  with  a 
bypass  or  outside  connection,  containing  a  small  stop  valve, 
between  the  spaces  on  the  sides  of  the  disk.  The  bypass  valve 
is  for  use  in  largre  mains  as  a  stop  valve  against  considerable 
pressure.  The  bypass  makes  it  easier  to  open  or  dose  the 
main  gate  because  it  equalizes  the  pressure  on  the  two  sides 
of    the    gate. 


TvHtinK  for  PiKton  LenkH — How  should  a  steam-engine 
piston   be  tested  for  leaking? 

I.  W.  T. 

One  head  should  be  taken  off  and  steam  admitted  to  the 
other  side  with  the  piston  at  each  end  of  the  stroke  and  also 
with  the  piston  blocked  at  mid-stroke  and  preferably  several 
intermediate  positions.  This  will  detect  unequal  wear,  as  at 
the  center  of  the  cylinder  or  over  any  soft  spots  in  the  cylin- 
der   metal. 


.MtitiMlr  ami  Roiline  Point — Is  it  true  that  the  boiling 
point  of  water  (212  deg.  F. )  declines  one  vlegree  for  each  12S0 
ft.   of  elevation   above   sea  level? 

E.    .S. 

As  each  1000  ft.  of  elevation  results  in  a  reduction  in  at- 
mospheric pressuie  of  very  closely  >^  lb.,  then,  by  interpolat- 
ing values  given  in  Marks  and  Davis  steam  tables,  it  may  be 
found  that  at  the  first  1250-ft.  elevation  water  would  boil  at 
209.S2  deg.  P.,  and  for  the  second  12.';o  ft.,  i.e.,  at  2500  ft. 
above  sea  level,  at  20fi.!»5  deg.  F.,  so  that  the  reduction  of  the 
boiling  point  is  not  1  deg.  per  250  ft.,  nor  does  it  vary  di- 
rectly   in    proportion    to    the   elevation    above   sea   level. 


Fred  TbrouKh  BloivoiV — In  a  certain  piant  the  boiler  has 
a  combination  blowoff  and  feed  pipe.  The  engineer  claims 
that  he  has  had  no  trouble  with  the  arrangement  and  that 
he  is  able  to  keep  his  blowoff  pipe  clean.  Is  it  good  practice 
to    feed    a    boiler  in    this    way? 

S.   R.   B. 

Feeding  through  the  blowoff  to  keep  the  latter  open  is 
very  old.  It  is  objectionable  where  the  constant  discharge 
tends  to  wear  out  the  blowoff  connections  due  to  the  scour- 
ing action  of  gritty  feed  water,  for  it  may  bring  about  the 
disabling  of  the  feed  connection  at  a  place  where  it  is  not 
readily   detected. 


Tank  Dlamrtrr — What  will  be  the  diameter  of  a  cylindri- 
cal   tank    68    in.    high,   having   a   capacity   of   50   liters? 

H.   V.    W. 

tiiH-    liter    is    equal    to   one   cubic   decimeter,    which    is   equal 
to   i;i.<i23  cu.in.      Therefore,   the   tank   contains 
50    X    B1.023    =    3051.15   cu.ln. 
Being  68  in.   high,  the  cross-sectional  area  will  be 
3051.15 

=    44. SB    sq.ln. 


68 


The 


irea  of  a  circle  equals  0.7S54  D'.  where  T)   =   diameter. 


I   44.86 
si  0.7854 


=    7.55  in. 


44.86 

7854 

Is   the   required   diameter  of  the   tank   or  about   7  A    In. 


Savtnic  HentinK  Coll  KrtiirnM — We  have  heating  colls  sup- 
plied with  exhaust  steam  at  3  to  5  lb.  pressure.  No  attempt 
Is  made  to  save  the  returns.  The  engine  uses  about  a  pint 
of  rylinder  oil  In  a  9-hr.  day.  Would  it  be  advisable  to  re- 
turn   lh<-    I  OBflenuallon    from    the   colls   directly    to   the    hollers? 

J.    V.    N.    C. 


While  most  of  the  oil  can  be  taken  out  of  the  steam  by 
inserting  an  oil  separator  in  the  supply  pipe  to  the  coils,  the 
remaining  oil  may  be  sufficient  to  do  da.mage  to  the  boilers. 
The  proportion  of  oil  that  may  be  present  without  injury  to  a 
boiler  is  variable,  seeming  to  depend  on  the  analysis  of  the 
feed  water.  If  used  over  and  over,  a  considerable  quantity  of 
oil  may  be  deposited,  and  if  not  thorougly  washed  out.  may 
cause  the  boiler  sheet  to  be  burned.  By  collecting  the  con- 
densation first  in  a  hotwell,  much  of  the  oil  may  be  separated 
from  the  w^ater  fed  to  the  boiler  by  putting  the  suction-pipe 
■  niet   well  below  the  surface   of  the   water. 


Selecting  Boiler  for  Given  Engine — How  is  it  known  what 
size  boiler  "will  be  necessary  to  supply  an  engine  of  a  certain 
horsepower? 

J.    P. 

In  ordinary  good  forms  of  boilers  10  sq.ft.  of  heating  sur- 
face will  develop  one  horsepower  with  ordinarily  good  fuel, 
firing  and  draft.  A  boiler  horsepower  corresponds  to  an  evap- 
oration (equivalent)  of  34%  lb.  of  water  per  hour.  This  is 
usually  30  lb.  at  the  actual  boiler  pressure  carried.  The  steajn 
ccnsumption  of  the  engine  under  consideration  is  assumed  to 
be  kno'wn  as  so  many  pounds  per  horsepower-hour.  This 
multiplied  by  the  engine  horsepower  will  give  the  pounds  of 
steam  required  per  hour.  The  latter  divided  by  30  will  give 
the  required  boiler  horsepower  and  the  last  named,  multi- 
plied by  10,  will  give  the  heating  surface  necessary.  Boilers 
can  be  forced  above  their  rated  capacity  easily  so  that  over- 
loads on  the  engine  can  be  handled  in  that  way.  but  it  is  com- 
mon to  provide  a  little  excess  boiler  capacity  so  that  forcing 
will    not    be    called    for. 


of   Plant   Parts — We   now    have   a   315-hp.    motor   load 


and  want  to  add 
are  three-phase,  ( 
and    generator   ar 


about   90   hp.    in    : 
S-cycle,    440-volt. 
required? 


ibout   a 
What 


year.      The   motors 
size  boiler,    engine 


The    total    motor   load 


equivalent   to 

405  X 


•ill    be 

!lfl    - 


■4B 


=     302    kw. 


1000 

Assuming  an  average   motor  efficiency  of  88  per  cent. 
302 

=    344    kw. 

0.8S 

is   the   input    to   the   motors. 

Allowing  4  per  cent,  for  distribution   and  line  losses 
344 

=    358    kw. 

(1.96 

is    the    required    geneiator   output. 

A   generator  of  this  size  would  have  an  efficiency  of  about 
92   per  cent.      Therefore. 

358 

=     3!1 

0.92 
must    be    put    into    the    generator, 
a   brake   horsepower   of 

390  X  1000 


kw. 

This    would 


746 


hp. 


Say  a  525-hp.   engine  would   be  required. 

A  compound  engine  of  this  size  operated  condensing  would 
take    about    IS    lb.    of    steam    per    horsepower-hour 

525    X    18    =   9450  lb.   of  steam   per  hr. 
A    boiler   horsepower  being   about   30   lb.    of   steam   per   hr.    the 
boiler    horsepower    required    would    be 
9450 

—    315    b.hp. 

30 
It  would  be  preferable  to  have  the  boiler  plant  In  two  or 
thre<'  units,  so  as  to  always  have  one  spare.  Hollers  can  bo 
run  at  50  to  100  per  cent,  overload  continuously  when  neces- 
sary, so  that  two  175-hp.  boilers  or  three  Ko-hp.  would  be 
about    right. 

The  above  has  assumed  the  motor  load  to  be  the  maximum 
actual,  not  the  sum  of  the  normal  ratings  of  the  motors  In- 
stalled. If  the  latter  was  meant  and  only  a  certain  per  cent, 
of  the  total  capacity  Is  used  at  any  one  time  all  of  the  figures 
about   given   should   be  correspondingly   reduced. 
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Principles  of  Combustion- 

\V EIGHT  OF  Air  Eeqiired 


IV 


So  far  we  have  beeu  talking  about  and  figuring  for  the 
quantity  of  oxygen  required  for  the  combustion  of  the 
\arious  elements. 

The  only  cheap  source  of  oxygen  for  the  purpose  of 
combustion  is  the  air,  which  is  free  for  everyone  to  use. 
The  nitrogen  of  the  air  is  an  incombustible  gas;  that  is, 
it  will  not  burn  with  oxygen  no  matter  how  much  it 
is  heated,  neither  will  it  burn  with  any  of  the  com- 
bustibles of  the  fuels.  Hence,  it  is  eutirely  useless  for 
the  purpose  of  combustion.  But,  there  is  no  economical 
way  of  separating  the  oxygen  from  the  nitrogen  and  as 
they  are  thoroughly  mixed  together  we  must  supply  the 
nitrogen  to  the  fire  along  with  the  oxygen. 

As  the  ratio  by  weight  of  nitrogen  to  oxygen  is  76.83 
to  23.15,  for  every  pound  of  oxygen  required  we  must 
supply 

76.85 


23.15 


=  3.3->  lb. 


of  nitrogen  and   hence   for  every  pound   of  oxygen   re- 
quired we  must  supply 

Oxygen  +  Xitrogen  =  Air 
1   +  3.32  =  4.32  lb.  of  air 

Col.  8,  Table  I,  gives  the  pounds  of  air  required  per 
pound  of  combustible  in  Col.  -i.  These  figures  may  be 
used  to  shorten  the  work  when  figuring  the  air  required. 

If,  instead  of  burning  just  a  single  combustible  ele- 
ment, such  as  carbon  or  hydrogen,  we  burn  a  fuel  con- 
taining both  of  these  elements,  we  figure  the  oxygen  or 
the  air  required  for  the  amount  of  each  element  con- 
tained in  one  pound  of  the  fuel  just  the  same  as  though 
that  element  was  the  only  one  under  consideration.  The 
sum  of  the  amounts  of  air  required  for  each  element  then 
equals  the  amount  of  air  required  per  poimd  of  the  fuel 
in   question. 

Thus,  if  we  had  a  coal  which  contained,  say  80  per 
cent,  carbon ;  5  per  cent,  available  hydrogen ;  2  per  cent, 
sulphur ;  1  per  cent,  nitrogen,  and  7  per  cent,  ash ;  the 
air  required  would  be  estimated  as  follows : 

Carbon  contained  in  a  pound  of  the  coal  equals  0.8 
lb.    From  Table  I,  Col.  8,  air  required  for  complete  com- 
bustion of  one  pound  of  carbon  equals  11.52  lb.     Then 
the  air  required  for  0.8  lb.  carbon  equals 
0.8  X   11.52  =  9.216  Ih. 

The  available  hydrogen  equals  0.05  lb.  Air  required 
per  pound  of  hydrogen  (Table  I)  equals  31.56.  Air 
required  for  0.05  lb.  hydrogen  equals 

0.05  X  34.56  =  1.728  Ih. 

Adding  these  two  quantities  together,  we  have 

Air  required  for  carbon  in  coal 9.216  lb. 

Air  required  for  available  hydrogen 1 ,  72S  ib. 


Air  required  per  pound  of  coal 10.944  lb. 

The  air  required  for  the  sulphur  in  the  coal  we  neglect 
as  the  amount  of  sulphur  is  small  and,  besides,  the  sul- 
phur  may   already   be   combined    with    some    other   ele- 


ment and  hence  be  incombustible  anyhow.     The  ash  and 
nitrogen,  being  incombustible,  require  no  air. 

A  couple  more  illustrations  of  how  the  weight  of  air 
required  for  a  given  weight  of  fuel  is  estimated  may  as- 
sist to  fix  the  method  in  mind  more  securely.  Let  us  as- 
sume that  we  are  burning  a  fuel  oil  in  our  plant  which 
IS  composed  of  the  following :  Carbon,  82  per  cent. ;  avail- 
able hydrogen,  13  per  cent. ;  moisture,  5  per  cent.  How 
many  pounds  of  air  are  theoretically  required  for  the 
combustion  of  this  oil? 

In  every  pound  of  the  oil  there  is  0.82  lb.  of  carbon. 
Then,  as  one  pound  of  carbon  requires  11.52  lb.  of  air 
for  complete  combustion  (see  Table  I,  Col.  8)  0.82  lb. 
will  require 

0.82  X  11.52  =  9.45  Ih. 
Then  13  per  cent,  of  a  pound  (the  amount  of  hydrogen 
contained  in  1  lb.  of  the  oil)   equals  0.13  lb.     Referring 
again  to  Table  I,  Col.  8,  one  pound  of  hydrogen  requires 
34.56  lb.  of  air  and  hence  0.13  lb.  requires 
0.13  X  34.56  =  4.49  Ih. 

Adding  the  two  quantities  of  air  required,  we  have 

Air  required  by  carbon  part  of  one  pound  of  oil      9  45  lb. 

Air  required  by  hydrogen  part  of  one  pound  of  oil   .  ....    4  49  lb. 


Total  air  required  per  pound  of  oil ..  13  94  lb. 

If  we  were  burning  a  gas  containing  70  per  cent,  car- 
bon and  24  per  cent,  hydrogen,  what  would  be  the  weight 
of  air  required  per  pound  of  gas? 

le  pound  of  gas  =0  7x11  32  = 8  06  lb. 

;  pound  of  gas 8 .  29  lb. 


Total  air  required  per  pound  of  gas 16.35  lb. 

This  same  method  of  calculating  the  amount  of  air 
required  by  a  fuel  can  be  expressed  in  the  form  of  a 
formula  thus : 


ir 


11.52  C  +  MM  (H 


I) 


in  which 

ir  =  Weight  of  air  required  per  lb.  of  fuel ; 
C  =  Weight   of  carbon  per   lb.   of  fuel ; 

//  —  y  )  =  Available  hydrogen  per  lb.  of  fuel. 


The  available  hydrogen  is  found  by  subtracting  %  of  the 
weight  of  oxygen  in  the  fuel  from  the  total  weight  of 
hydrogen  in  the  fuel — just  as  the  expression  in  the  for- 
mula indicates. 

Suppose  we  had  a  fuel  with  this  analysis :  Carbon.  78 
per  cent. :  total  hydrogen,  7  per  cent. ;  sulphur,  1.5  per 
cent. ;  oxygen,  4  per  cent. :  nitrogen,  1.5  per  cent.,  and 
ash.  8  per  cent.     Substituting  in  the  formula  we  have 


W  =  11.52  X  0.78  +  34.50  (0.07 


0.04\ 


W  =  11.52  X  0.78  +  34.56  X  0.065  =   11.23  lb. 
of  air  required  per  pound  of  fuel. 

For  tho.se  who  wish  to  test  their  understanding  of  what 
lias  been  set  forth  in  the  foregoing  article  and  who  wish 
practice  in  calculations  involving  percentages  and  decimal 
fractious,  the  following  problems  are  offered : 
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Given  a  coal  with  the  foUowinjj  analysis :  Carbon,  78.75 
per  cent. ;  total  hydrogen,  5  per  cent. ;  oxygen,  2  per 
cent.:  nitrogen,  2  per  cent.;  sulphur,  3.75  per  cent.:  ash, 
8,5  per  cent.  Neglecting  the  sulphur,  what  is  the  weight 
of  air  required  for  complete  combustion  per  pound  of  this 
coal  ?  What  would  be  the  weight  of  the  products  of  com- 
bustion 'f 

Given  a  fuel  oil  containing:  Carbon.  84.85  per  cent.; 
available  hydrogen,  11.15  per  cent.,  and  moisture,  -t  per 
cent.  AVhat  is  the  weight  of  air  required  per  pound  of 
oil  and  what  would  be  the  weight  of  the  products  of  com- 
bustion ? 

A  feed-water  heater  is  handling  7575  lb.  of  water  per 
hour.  It  raises  the  temperature  of  the  water  from  73 
to  197.5  deg.  F.  How  much  heat  is  being  i)ut  into  the 
water  per  hour? 

These  problems  will  iio  fully  worked  out  in  the  next 
article  of  this  series  which   will   appear  next  week. 

Power  Generation  and  Transmission 
in  Industrial  Works 

In  a  inqicr  on  "The  Layout,  Design  and  Equipment 
el'  Industrial  Wcu'ks,"  read  ijefore  the  Liverpool  Engineer- 
ing Society,  Andrew  Home-Morton  had  the  following  to 
sav  ( oncerning  power  generation  and  transmission : 

\Miere  the  plant  is  compact  and  conveniently  arranged 
within  a  radius,  of,  say,  100  or  150  ft.,  from  the  central 
jiower  plant,  mechanical  transmission  is  most  economical, 
while,  with  an  increased  radius,  gas  or  electrical  trans- 
mission has  advantages,  the  former  being  the  most  en- 
ticing system  from  the  point  of  view  of  thermal  efficiency, 
I  Hit  meantime  having  a  more  limited  applieation. 

Where  tools  are  set  widely  apart,  electrical  transmis- 
sion with  individual  motors  is  economical,  although 
w  here  it  is  possible  to  have  a  group  of  tools  in  a  works,  an 
independent  gas  engine  or  electric  motor  driving  these 
through  gearing  is  more  economical  than  individual 
motors.  Where  the  amount  of  power  required  for  in- 
dividual machines  is  small,  it  is  almost  always  advisable 
to  group  them. 

The  question  of  reliability  and  consequent  need  for 
staiidi)y  plant  is  also  important.  Practically  any  one  of 
llie  systems,  if  jjroperly  installed,  can  be  regarded  as  re- 
liaiile,  but  the  subdivision  secured  by  the  use  of  motors 
or  small  gas  engines  has  advantages.  The  chief  advantages 
of  the  electrical  transmission  system  are  its  adajjtability 
and  the  ease  with  which  it  can  bo  extended,  and  its  chief 
drawback  is  its  eo.<t,  a  part  of  which,  at  least,  is  due  to 
the  refinements  which  liave  been  introduced  into  electrical 
rdiitroUing  and  operating  mechanism. 

Like  the  question  of  transmission,  power  general  ion 
dcpciHls  for  its  solutiiiii  uikmi  the  conditions  of  service. 
WliiTc  till'  power  deinaml  is  inlerniiltent,  purchased  elec- 
trical energy  has  advantages  over  all  other  systems,  al- 
though for  dock  pumjiing,  slipway  haulage  and  other 
heavy  intermittent  loads,  gas  engines,  using  town  gas, 
give  economical  service.  For  a  moderately  steady  de- 
mand up  to  about  100  to  150  b.hp.,  the  suction-gas  en- 
gine has  no  rival.  Above  this  load,  it  is  jvissible  to  pur- 
1  base  a  steam  plant  usini;  highly  suiierheated  steam, 
which  can  generate  1  h]i.  per  hour,  at  a  fuel  cost  of  a 
little  over  1  lb.,  and  a  steam  cost  of  aii))roximately  8I/2 
lb.      Such  a  plant   is,  however,  unciiiiimon.  and    until   it 


liecomes  more  general,  the  range  of  usefulness  of  the  suc- 
tion-gas engine  may  be  said  to  rise  to  150  to  300  b.hp. 
Above  this  limit  a  steam  plant  using  a  low-grade  fuel 
has  advantages  which  ha\e  been  greatly  enhanced  by  the 
recent  advance  in  the  price  of  anthracite.  The  position 
of  the  steam  engine  or  turbine  for  single-unit  plants  of 
over  200  b.hp.  is  not  even  today  seriously  assailed,  e.xcept 
where  the  main  question  is  complicated  by  side  issues, 
or  where  the  cost  of  coal  is  well  above  the  average,  the 
advent  of  the  geared  turbine  being  an  interesting  and 
pregnant  development. 

Where"  an  electrical  transm!ssii)n  system  has  been  de- 
cided upon,  the  |iurchase  of  current  demands  first  and 
careful  consideration.  If  a  private  plant  is  to  be  in- 
stalled then  the  generators  may  be  either  steam-  or  gas- 
engine  tlriven.  In  the  case  of  gas-engine  driven  gen- 
erators the  units  may  bo  of  practically  any  size  desired, 
while  steam-engine  driven  units  may  be  reciprocating  en- 
gines up  to  750  kw.,  and  steam  turbines  thereafter.  In- 
teresting results  can  be  got  from  the  combination  of  re- 
ciprocating engines  with  steam  turbines,  a  combination 
of  this  character  giving  a  wide  range  of  economical  load 
at  a  modest  capital  cost.  This  advantage  is  obtained  by 
cutting  out  the  turbine  from  the  lower  loads  and  exhaust- 
ing direct  from  the  rccijirocating  sets  to  the  condensers. 

The  sphere  of  usefulness  of  the  large-power  gas  en- 
gine is  confined  mainly  to  situations  where  so  called 
waste  gas  can  be  obtained,  as  at  coke  ovens  and  blast  fur- 
naces, or  where  a  chemical  plant  is  already  installed. 

In  a  w(u-ks  power  plant  the  side  issues  also  require  con- 
sideration. The  utilization  of  exhaust  steam  in  turbines, 
of  blast-furnace  and  coke-oven  gas  in  large-power  gas  en- 
gines, and  the  development  of  the  storage  battery  in  con- 
nection with  the  fluctuating  loads  in  large  works,  are  all 
prnbleins  which  warrant  invesligatirm. 

Oiling  the   Largest   Hydro-Electric 
Units 

The  i)ower  plant  of  the  Mississipjii  River  Power  Co., 
now  in  course  of  construction  at  Keokuk,  Iowa,  will  ulti- 
mately contain  30  generating  units,  with  a  rated  capacity 
of  10,000  hp.  each,  at  the  normal  head  of  32  ft.  At  the 
maximum  head  of  3!1  ft.  the  output  will  be  approximately 
1  1,000  hp.  each. 

The  waterwheels  arc  the  single-runner  tyjie  and  operate 
at  57.1  r.]).ni.  Tlicy  are  dircdly  (•onncctcd  to  vertical 
slow-spct'd  generators.  The  turbines  arc  the  largest  ever 
built  and  the  plant  is  the  lirst  mu'  of  imiiortance  to  con- 
tain slow-sijced  units. 

All  thrust  bearings  are  a  combination  mllcr  and  dil- 
pressurc  bearing.  As  the  total  W(>ight  of  the  unit  wbicli 
each  of  these  bearings  siqiports  is  275  tons,  the  import- 
ance of  the  oil  supply  is  apparent.  The  oil  is  pumiK-d 
to  the  bearings  by  Goulds  trijilex  pressure  pumps.  If  is 
suit]ilied  at  a  pressure  of  250  lb.  per  s(|.iii.,  which  is  suffi- 
cient to  lift  each  rotating  member  so  that  it  floats  on  the 
oil  and  relieves  the  rollers  of  the  load.  These  puiiqis 
have  flV^-in.  cylinders  and  8-in.  stroke  and  are  operated 
bv  chain  drive  from  line  shafting. 


The  coal  supply  of  Oklahomii  is  fsllmiiti-rl  to  be  t.Ti  hHllon 
ons.  The  state  contains  more  than  six  million  acres  of  coal- 
learini;  liind.  Some  of  the  land  Is  estimated  to  In-  iiiii.ihle  of 
.leldhiK    "Onn    tons    per   acre. — "Coal    AKe." 
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The  Prony  Brake  and  Its  Use 


P.Y  II.  M.  Philliis 


SYXOPSl>- — An  elemenianj  explanation  of  the  prony 
brake,  common  errors  in  ilt<  applkalion  and  complete  di- 
rections for  using  it  correctly. 

Most  engineers  consider  themselves  fairly  familiar  with 
the  theory,  if  not  with  the  practical  iise,  of  the  pruny 
brake ;  nevertheless,  errors  are  common  in  its  use.  AVe 
know  that  a  horsepower  represents  the  performance  of 
33,000  ft.-lb.  of  work  in  one  niimite.  If  the  work  con- 
sists in  lifting  a  weight,  the  simplest  ease,  the  weight 
times  the  number  of  feet  through  which  it  is  lifted  gives 
the  foot-pounds.  Xow  assume  that  the  engine,  motor,  or 
other  apparatus  whose  power  is  to  be  measured,  is  actually 
lifting  a  weight  by  means  of  a  rope  wound  on  a  drum  or 
pulley.  The  distance  lifted  per  minute  is  obviously  the 
circumference  of  the  pulley  (3.1416  times  its  dianuHer) 
times  the  mimber  of  revolutions  per  minute.  Under  or- 
dinarv  conditions  the  weight  would  be  lifted  a  consider- 
able distance  during  the  time  required  to  take  a  satisfac- 
torv  measurement ;  therefore,  suppose  that  the  pulley  is 
allowed  to  slip  so  that  the  weight  is  suspended  in  air 
but  remains  stationary  while  the  shaft  revolves.  The  work 
done  is  the  same  as  before,  the  weight  is  still  being  lifted, 
but  merely  falls  back  as  fast  as  it  is  lifted.  The  manner 
in  which  the  slip  is  accomplished,  the  size  of  the  shaft, 
or  other  details  have  no  bearing  upon  the  amount  of 
power  required ;  the  only  essential  is  to  obtain  the  speed 
at  which  the  weight  would  be  lifted  if  it  were  not  al- 
lowed to  slip  back.  In  fact,  all  of  the  pulley  except  the 
hub  and  the  point  where  the  rope  leaves  its  face  could  be 
cut  away  without  altering  the  working  conditions.  We 
DOW  apjjroach  the  actual  prony  brake;  it  would,  however, 
be  very  difficult  to  so  adjust  the  brake  friction  as  to  keep 
a  weight  suspended  in  mid  air  without  motion ;  hence  the 
equivalent  pull  is  measured  by  scales,  or  a  sprnig  balance, 
the  latter  for  light  loads. 

The  construction  of  the  brake  varies  considerably,  be- 
ing governed  by  the  purpose  for  which  it  is  intended,  the 
material  available,  and  the  personal  tastes  of  the  de- 
signer, a  common  form  is  herewith  illustrated,  in  which 
a  wooden  beam  A  has  secured  to  it  a  block  B,  cut  to  fit 
the  ))ulley :  a  band  C  is  tightened  on  the  pulley  by  the 
nuts  D,  the  pull  being  measured  by  attaching  a  spring 
balance  at  E  or  allowing  F  to  rest  upon  a  scale  platform. 

For  accurately  determining  the  power  absorbed  by  tlie 
brake,  the  number  of  revolutions  per  minute  of  the  shaft, 
the  length  of  the  brake  arm  and  the  pressure  exerted  by 
the  brake  must  be  known.  In  determining  the  number 
of  revolutions  by  the  use  of  an  ordinary  revolution 
counter,  some  observers  leave  the  counter  in  a  little  too 
long  and  obtain  too  high  a  reading,  while  others  err  in 
the  opposite  direction.  If  one  is  sure  that  the  speed  is 
constant  he  can  detect  this  error  by  noting  the  revolutions 
for  half  a  minute  and  then  for  a  full  minute  or  longer. 
If  the  counter  is  held  in  too  long  the  half-minute  read- 
ing will  show  the  higher  number  of  revolutions  per  min- 
ute, and  rice  versa.  A  number  of  readings  should  be 
taken  to  make  sure  that  the  difference  is  not  purely  acci- 
dental. Care  should  also  be  taken  to  hold  the  spindle 
of  the  counter  in  line  with  the  shaft. 

A  tachometer  is  verv  convenient  for  determining  the 


numker  of  revolutions,  but  as  it  gets  out  of  adjustment 
quite  easily,  some  of  its  readings  siiuuld  be  checked  by  a 
revolution  counter. 

Measuring  the  length  of  the  arm  is  frequently  a  source 
of  error,  as  it  is  often  ditlicult  to  obtain  an  accurate  meas- 
urement with  the  means  at  hand.  Also,  the  i)roper  points 
between  which  to  make  the  measurement  are  mistaken  by 
many;  some  imagine  that  the  diameter  of  the  friction 
pulley  is  to  be  considered  in  some  way,  but  this  has  al- 
ready been  shown  to  have  no  bearing  on  the  calculation. 

Eeturning  to  the  illustration  and  supposing  the  brake 
to  be  operated  with  its  beam  horizontal,  the  measure- 
ment is  sometimes  taken  from  the  center  of  the  shaft  0 
to  the  poijits  E  or  F,  depending  upon  whether  a  spring 
balance  or  a  scale  is  used.  With  all  other  conditions  the 
same  it  is  obvious  that  the  balance  would  show  the  same 
reading  whether  the  bolt  were  extended  or  the  balance 
attached  to  a  projection  at  E  or  lower;  all  these  would 
give  diiierent  measurements  and  consequently  diifereut  re- 
sults for  the  calculated  horsepower.  To  determine  the 
correct  measurement,  do  not  attempt  to  memorize  or  fol- 
low a  fixed  rule,  but  revert  to  the  original  theory.  In  the 
elementary  case  previously  assumed,  when  hoisting  the 
weight  the  pull  of  the  rope  must  be  tangential  to  the 


Typical  Proxy  Eeake 

ptillcy,  or  at  right  angles  to  the  radius  at  the  point  of 
application.  If  we  should  hold  the  spring  balance  at 
right  angles  to  the  line  OE,  that  measurement  would  ful- 
fill the  conditions  and  give  a  correct  result,  but  it  would 
be  difficult  to  determine  this  position  for  the  balance  and 
practically  impossible  to  arrange  a  scale  to  take  the  pres- 
sure in  that  direction.  In  setting  up  the  brake  the  points 
E  or  F  may  be  arranged  to  come  on  the  same  level  as  the 
center  of  the  shaft,  in  which  case  the  reading  of  the  scale 
will  be  difl'erent  from  that  obtained  with  the  beam  hori- 
zontal, and  the  measurement  OE  will  be  correct ;  the  re- 
quired conditions  comparable  to  rope  and  pulley  being 
fulfilled.  Assume,  however,  it  is  desired  to  operate  with 
the  beam  horizontal ;  then  the  distance  OF'  is  the  proper 
one  to  use  in  the  calculations.  With  a  plumb  line  locate 
the  point  on  the  l)eam  that  is  directly  over  the  center  of 
the  shaft  and  then  measure  along  the  beam  to  the  line  EF. 
It  is  also  easier  to  set  up  the  brake  in  this  manner  as  one 
can  judge  wth  sufficient  accuracy  by  tlie  eye  alone  whether 
the  beam  is  horizontal.  On  the  other  hand,  it  is  not  well 
to  have  too  great  a  difference  in  level  between  the  shaft 
and  the  points  E  or  F. 


May  1-,  1013 


rO  WEE 


689 


111  the  calculations  only  the  pull  caused  by  the  friction 
of  the  brake  is  considered,  the  scale  reading  due  to  the 
weight  of  the  arm  Iteing  deducted.  This  latter  reading 
or  '"tare"  may  be  determined  in  several  ways ;  if  the  shaft 
revolves  with  considerable  freedom,  as  with  an  electric 
motor,  a  reading  may  ije  taken  while  the  pulley  is  at 
rest.  An  easy,  although  not  absolutely  accurate,  method 
is  to  remove  ll;e  brake  arm  aiid  band  from  the  pulley  and 
support  it  by  a  bar  while  the  reading  is  taken ;  in  doing 
this,  care  must  be  taken  to  have  the  portion  of  the  brake 
that  is  exactly  over  the  center  of  the  shaft  rest  upon 
the  bar,  in  either  case  the  weight  must  be  taken  with 
the  beam  iu  the  same  position,  in  which  it  is  used  during 
the  test.  Still  another  method  is  to  loosen  the  brake  baud 
as  much  as  possible  and  take  a  reading  while  running; 
then  rever.se  the  rotation  and  take  another  reading.  As- 
suming the  friction  to  be  the  same  iu  each  direction,  half 
the  ditfierence  of  these  two  readings  subtracted  from  the 
greater  one  gives  the  tare.  In  ca^e  the  brake  arm  tends 
to  rise  when  the  rotation  is  reversed,  sutficient  weight  may 
be  added  to  keep  it  down  during  these  two  readings,  the 
additional  weight  may  be  removed  during  the  test.  Tare 
may  be  eliminated  l)y  making  the  brake  perfectly  sym- 
metrical ai>out  the  shaft,  but  this  tends  to  make  it  unnec- 
essarily e.xjiensive  and  cumbersome. 

Unless  the  action  of  the  lirake  is  perfectly  smooth  it  i.-. 
imi)ossible  to  measure  the  pull  satisfactorily;  the  spring 
balance  is  more  apt  to  be  affected  by  vibration  than  the 
scale,  but  has  the  advantage  in  some  cases  of  allowing 
one  to  get  at  least  a  rough  estimate  of  the  pull  where  it 
would  be  impossil)le  to  obtain  a  scale  reading.  With  a 
properly  constructed  brake,  however,  the  scale  will  usually 
prove  the  more  satisfactory.  An  oil  dashpot  attached  to 
the  brake  arm  will  help,  but  to  be  eftective  it  must  be 
carefully  adjusted,  rigid  and  free  from  backla;ih.  The 
tension  on  liie  l)rake  band  must  be  readily  and  quickly 
adjustable,  for  which  purpose  the  use  of  a  hand  wheel  i.s 
preferai)le  to  a  plain  nut  ;uid  monkey  wrench.  In  any 
case  care  must  be  taken  that  the  weight  of  the  operator's 
hand  or  the  pull  he  exerts  in  making  adjustments  is  not 
registered  on  the  scale.  A  satisfactory  arrangement  for 
light  work  is  obtained  by  using  a  winged  nut;  by  tapping 
this  nut  with  a  hammer  very  sensitive  adjustment  can 
be  had. 

To  maintain  a  constant  pressure  on  the  beam  the  fric- 
tion surfaces  must  not  undergo  any  rapid  changes  dur- 
ing operation.  To  insure  this  they  must  be  kept  from 
overheating.  li!l)rication  must  be  maintained,  and  the 
pressure  bctw''eii  surfaces  must  not  be  too  great ;  failure 
in  any  of  these  will  cause  burning  or  cutting.  In  some 
cases  the  brake  may  be  cooled  l)y  being  thmdcd  with  water 
from  a  hose  ;  this  may  be  enective,  but  is  ai>t  to  be  hard  on 
.-iirrounding  macliiiiery  and  on  the  operator.  Wiiere  pos- 
sible a  special  i)ullcy  with  inwardly  projecting  fianges 
siiouhl  be  used  so  that  water  may  be  carried  inside  the 
rim.  centrifugal  force  holding  it  to  the  rim  while  the  pul- 
I'V  is  in  motion.  When  a  heavy  load  is  carried  an  ob- 
jii  (ionablo  amount  of  steam  may  be  liberated  :  in  which 
event  it  is  not  diflTicult  to  provide  water  circulation  and 
so  keep  the  temperature  below  (he  boiling  point.  Pipe 
fonnpctions  may  be  so  arranged  that  one  jiipe  will  sioop 
water  from  the  interior  of  the  rim  and  carry  it  to  a  drain 
while  another  pipe  introduces  cold  water. 

TiUl)rication  of  the  friction  surfaces  is  necessary,  and 
the  material,  shape  and  size  of  the  rubbing  surfaces  are 


important  in  obtaining  good  lubrication  .  if  the  contact 
surfaces  are  too  small  they  will  be  unable  to  carry  away 
the  requisite  amount  of  heat,  regardless  of  the  cooling  de- 
vices, and  the  temperature  becomes  too  high  for  the  oil; 
also,  where  excessive  pressure  is  necessary  the  oil  is 
unable  to  penetrate  between  the  surfaces.  The  nature 
and  shape  of  the  material  itself  is  important. 

Very  satisfactory  results  have  been  obtained  with  a 
band  of  ordinary  sheet  iron,  as  shown  in  the  sketch,  al- 
though such  a  brake  would  not  carry  as  heavy  a  load  as 
one  with  a  different  friction  baud.  The  load  beiuo;  light 
there  is  no  great  pressure  between  surfaces  and  the  con- 
tact between  the  pulley  and  the  band  is  irregular  on  ac- 
count of  t)ie  uneven  surface  of  the  latter.  This  is  ad- 
vantageous, inasmuch  as  it  favors  lubrication. 

Two  or  more  layers  of  heavy  canvas  between  the  baud 
and  the  pulley  will  materially  increase  the  capacity  of  this 
type.  The  canvas  affords  elasticity,  gives  a  good  bearing 
surface  and  acts  as  an  excellent  means  of  distributing  the 
oil.  It  is  generally  possible  to  obtain  satisfactory  read- 
ings with  this  form  of  brake  up  to  the  point  where  the 
canvas  is  ignited  by  the  heat  of  friction.  Some  of  the 
more  powerful  brakes  have  wooden  blocks  secured  to  the 
band,  similar  to  the  brake  frequently  seen  on  a  hoisting 
engine;  but  iu  this  case  the  band  usually  nearly  encircles 
the  pulley,  has  its  ends  drawn  together  by  bolts  and  has 
an  arm  secured  to  the  baud  for  weighing  the  load.  The 
wooden  blocks  absorb  oil  and  make  an  excellent  friction 
surface,  there  is  also  ample  opportunity  to  introduce  oil 
or  grease  at  almost  any  point. 

A  cheap  temporary  device  for  finaU  pullers  may  be 
made  by  using  two  blocks  of  wooil  cut  to  embrace  a  con- 
siderable portion  of  the  circumference ;  a  suitable  arm  is 
attached  and  the  blocks  tightened  on  the  iiulley  by  bolts. 
In  this  case  it  is  well  not  to  make  too  accurate  a  tit  with 
the  blocks;  irregularities  giving  better  opportunity  for 
lubrication.  Grooves  may  be  cut  in  the  blocks  to  further 
aid  lubrication  and  cooling  also  if  water  is  applied  to  the 
exterior  of  the  pulley.  In  the  latter  case  soap  may  be 
used  as  a  lubricant;  ordinary  bar  soap  is  cut  in  shavings 
and  mixed  with  the  water  before  it  reaches  the  surface  of 
the  pulley;  the  water  need  be  only  moderately  soapy  to 
answer  the  purpose.  For  larger  pulleys  a  sufficient  num- 
ber of  strands  of  rope  may  be  used  in  place  of  a  band. 

The  capacity  of  a  brake  is  always  limited,  for  to  ab- 
sorb a  definite  amount  of  power  it  must  be  able  to  dis- 
sipate a  definite  amount  of  heat ;  but  as  the  power  is  in- 
creased the  point  is  approached  where  the  cooling  ar- 
rangements are  unable  to  keep  down  the  tenii>erature. 
If  the  brake  is  to  operate  at  a  .slow  speed  trouble  may  arise 
in  attempting  to  get  sufficient  friction  for  the  required 
pull  without  excessive  jjressure  between  the  bearing  sur- 
faces, and  unless  the  lirake  lie  properly  designeil  its  capac- 
ity will  bo  limited  by  this  fact  ratlier  than  by  heating:  the 
capacity  of  such  a  brake  will  for  a  time  increase  directly 
in  proportion  to  an  increase  in  speed,  but,  however  high 
the  speed  and  perfect  the  lubrication,  the  p(Mnt  must 
finally  be  reached  where  the  cooling  device  is  iiiailequat(>. 
Several  hundred  lior.>«power  may  be  absorbed  by  a  brake 
constructeil  along  the  lines  indicated. 

While,  theoretically,  there  is  no  rea.son  why  a  brake 
should  not  be  designed  for  any  horsepower,  if  this  runs 
too  high  the  difficulty  of  providing  proper  lubrication 
increa.sea,  the  apparatus  becomes  eumbcr.sonie  and  the  cost 
prohibitive;  in  such  cases  special  designs  are  used. 
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A  detailed  description  of  such  brakes  is  beyond  the 
scope  of  the  present  article,  but  a  few  words  on  the  op- 
erating ])rinciple  will  suffice.  In  place  of  the  pulley  and 
band,  revolving  and  stationary  disks  of  thin  sheet  metal 
are  used,  these  give  considerable  area  of  contact  when 
pressed  together  and  a  number  of  pairs  may  be  mounted 
on  the  same  shaft  without  requiring  excessive  space.  The 
disks  may  be  provided  with  oil  grooves  and  forced  lubri- 
cation used  if  necessary.  Also,  the  stationary  disks  may 
readily  be  arranged  so  as  to  have  water  circulation  about 
the  side  not  used  as  a  friction  surface,  and  as  they  are  of 
thin  metal  the  water  will  take  up  the  heat  very  readily. 
We  may  go  a  step  further  and,  using  the  disk  as  a  dia- 
phragm obtain  any  desired  pressure  on  the  friction  .'jurfaee 
by  regulating  the  water  pressure. 

A  much  simpler  arrangement  which  serves  well  for 
high,  or  moderately  high,  speed  brakes  is  to  make  use  of 
water  friction  for  the  braking  effect.  Such  a  brake  may 
be  made  somewhat  in  the  form  of  a  single-stage  Parson's 
steam  turbine.  On  the  rotating  shaft  a  drum  of  any  de- 
sired size  is  mounted  which  carries  a  number  of  rows  of 
blades  similar  to  the  turbine  blades,  and  an  inclosing 
casing  carries  stationary  blades  of  the  same  pattern,  which 
enter  with  small  clearance  between  the  rows  of  revolving 
•  blades.  Water  introduced  into  this  casing  is  subjected 
to  a  violent  churning  action.  If  the  speed  is  sufficiently 
high  the  construction  may  be  greatly  simplified  by  doing 
away  with  separate  blades  and  having  water  channels 
cast  in  the  surface  of  the  revolving  drum,  which  enters 
with  a  small  clearance  into  an  inclosing  cylinder  provided 
with  similar  channels;  clearance  is  provided  all  the  way 
through  so  it  is  not  necessary  to  have  the  cylinder  in  two 
parts.  Water  may  be  introduced  conveniently  by  way  of 
the  interior  of  the  rotating  drum  so  that  it  will  flow  out- 
ward with  centrifugal  force.  Xo  lubrication  is  required, 
except  for  stuffing-boxes  and  bearings,  and  the  mme  water 
provides  both  the  friction  and  the  cooling  effects.  If  it  is 
converted  into  steam  no  harm  is  done,  although  it  is 
generally  preferable  to  provide  a  sufficient  flow  of  water 
to  avoid  this. 

The  principle  of  measuring  the  power  is  in  no  way 
changed,  either  with  the  water  brake  or  the  one  previously 
described;  in  each  case  the  pull  is  measured  by  a  beam 
carried  to  scales  and  in  each  case  the  only  factors  to  be 
considered  in  calculating  are  the  amount  of  this  pull,  the 
distance,  properly  measured,  from  the  center  of  the  shaft 
to  the  point  where  the  pull  is  weighed  ;  and  the  speed 
at   which   the   shaft   rotates. 

Condensing -Water  Auxiliary   Pump 

By  S.  H.  FAKXswoitTii 

A  short  time  ago  an  article  appeared  in  ]'ovvi:i!  de- 
scribing the  Smoot-Rateau  turbine  installation  at  the 
southern  works  of  the  Illinois  Steel  Co. 

Engineers,  knowing  the  important  part  fulfilled  by 
the  condensing  apparatus  in  an  installation  of  this  kind, 
will  be  interested  in  the  means  of  supplying  water  for 
it.  The  pumping  station  is  about  three-quarters  of  a 
mile  from  the  turbine  house  and  at  the  foot  of  the  Worth 
Slip.  It  contains  three  DeLaval  centrifugal  pumps,  driven 
by  three  200-hp.  We.stinghouse,  three-phase  indtiction 
motors. 

The  buildinar  is  of  concrete  and  iron  construction.  The 


floor  line  is  10  ft.  below  ground  and  5  ft.  above  the  water 
level.  A  switchboard  stands  against  the  north  wall.  The 
knife  switches  are  mounted  above  it.  Each  set  is  in- 
closed in  a  separate  wooden  case  and  operated  from  a 
platform  parallel  with  and  10  ft.  from  the  boxes. 

In  starting  the  motors,  the  '<?5-cycle,  3200-volt  current 
is  first  sent  through  transformers  and  oil  switches.  When 
the  motor  comes  up  to  speed  the  switch  is  released  ami 
2200-volt  current  is  cut  in.  This  causes  some  shock  ami 
the  wattmeter  jumps  to  .'iiHi.  Imt  quickly  .settles  down. 
About  40  amp.' is  the  current  required  to  carry  the  usual 
load.  The  motors  are  directly  connected  to  the  pumps, 
which  are  built  for  a  27-ft.  head  and  each  has  a  capacity, 
at  485  r.p.m.,  of  18,500  gal.  per  min. 

Each  discharge  line  has  a  swing-gate  check  valve  and  a 
hydraulically  operated  gate  valve.  A  li/3-in.  pipe  leads 
from  the  top  of  the  casing  to  an  ejector,  used  for  prim- 
ing the  pumps.  Tlu'  air  is  drawn  out  of  the  pump  in 
about  two  minutes.  The  discharge  lines  from  the  three 
pumps  join  outside  the  station  and  then  connect  to  a  ven- 
turi  meter. 

^^'hen  this  station  was  first  put  into  operation,  trouble 
was  experienced  bj'  the  no-voltage  release  operating  at 
most  inconvenient  times,  .stopping  the  pumps.  The  sup- 
l>ly  1)1'  cooiing  water  being  thus  cut  off,  the  condensers 
would  be  put  (Hit  of  service,  further  reducing  the  voltage. 
Therefore,  Ihese  devices  have  been  removed  and  now,  if 
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the  voltage  should  drop  below  800' volts,  the  switchboard 
operator  notifies  the  engineer  at  the  central  pumping  sta- 
tion to  not  build  up  the  voltage  until  sure  the  pumps  are 
r\uining. 

As  this  pumping  station  has  no  regular  attendant  a 
signal  had  to  be  devised  to  notify  the  engineer,  when  the 
bead  fell  below  a  predetermined  point.  The  device  shown 
in  the  illu.stration  was  installed  and  gives  good  satisfac- 
tion. A  5-ft.  U-tube  is  mounted  on  a  board  fastened 
to  the  wall.  The  right  leg  is  connected  by  a  hose  to  a 
14-iti.  water  pipe  leading  to  the  water  main  beyond  the 
venturi  meter.  The  left  leg  has  a  rubber  cork  inserted, 
through  which  a  length  of  Xo.  10  copper  wire  A  passes 
down  into  the  mercury  with  which  the  U-tube  is  half 
filled.  The  wire  A  is  held  in  a  bracket  B,  by  a  setscrew. 
so  that  by  raising  or  lowering  A  its  point  of  immersion 
is  changed  and  the  signal  can  be  made  to  operate  at  any 
desired  water  pressure. 

The  bracket  B  is  electrically  connected  to  an  electro- 
magnet coil  C ,  taken  from  a  50-hp.  shunt-wound  motor. 
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The  other  terminal  of  the  coil  is  connected  to  a  125-v(ilt 
lamp  D.  The  other  wire  from  D  connects  with  the  posi- 
tive side  of  a  250-volt  feeder.  E  is  a  piece  of  y^\-''/^-'\i\. 
steel  fastened  to  the  coil,  but  insulated  from  it.  It  is 
slotted  to  receive  a  y4XY4,-n\.  piece  of  steel,  hinged  at  one 
end  in  E.  G  is  a  piece  of  i/4x^/4-iii-  steel  fastened  to  the 
coil.  //  is  a  nickel-steel  contact  piece  in  circuit  with  the 
switch  1  and  resistance  coil  J  and  the  solenoid  K.  The 
other  side  of  K  is  connected  directly  to  the  negative  side 
of  the  250-volt  feeder.  A  wire  connects  this  feeder  and 
the  lamp  L;  the  other  side  of  L  is  grounded  on  the  mer- 
cury column. 

When  the  pumps  are  in  operation  and  the  pressure  is 
normal,  the  mercury  is  raised  in  the  leg  M  of  the  U-tul)e 
and  makes  contact  with  ^4.  Current  then  flows  from  the 
l)ositive  feeder  through  the  lamp  J),  coil  C  and  bracket  B 
to  the  mercury.  Then  into  the  grounded  wire,  then  on 
up  through  the  lamp  L  into  the  negative  feeder.  The  coil 
('  is  thus  energized  and  the  lam])s  L  and  D  are  lighted. 
The  armature  F  is  raised  by  the  magnetism  in  G. 

When  the  water  pressure  decreases,  the  mercury  recedes 
in  the  leg  M  of  the  U-tube  until  the  wire  A  is  out  of  con- 
tact with  il.  As  the  circuit  is  broken  the  coil  C  is  de- 
energized  and  the  armature  F  droj^s,  making  contact  with 
//.  Current  then  flows  from  the  position  feeder  through 
E.  F,  H,  I.  J  and  A'  to  the  negative  side  of  the  line.  This 
energizes  the  coil  in  K  which  raises  the  plunger  and  blows 
the  whistle,  the  lever  of  which  is  connected  to  the  arm  0. 
A  telephone  line  runs  from  the  turbine  station  to  the 
l)umi)ing  station;  but,  owing  to  inductance,  it  is  little  use. 

Another  electric-driven  jjumping  station  is  at  the  foot 
of  the  Southern  Slip,  about  live  miles  south  of  the  central 
pumping  station.  It  contains  two  30-iu.  centrifugal 
I'umps  driven  by  three-phase,  25-cycle,  2200-volt  induc- 
tion motors.  These  sets  are  used  to  supply  water 
for  barometric  condensers,  wliit-h  require  30,000,- 
(»)0  gal.  l)er  24  hr.  When  this  station  was  first 
]uit  into  operation  much  trouble  was  caused  by  lack 
of  a  satisfactory  priming  device  for  the  pumps.  The 
nearest  steam  main  is  about  two  blocks  away  and  the 
line  had  to  run  in  suth  a  tortu(f\is  and  exposed  way 
that  the  drop  was  excessive  and  unless  the  boiler  ])res- 
sure  was  better  than  140  lb.  the  sii)lion  would  not  work. 

As  a  high-pressure  fire  main  ran  uiulerground  past  the 
station  it  was  decided  to  try  water  to  work  the  siphon. 

A  .xystem  was  jierfected  to  prime  tiie  pum])s  with  about 
2.5-in.  vacuum  in  the  si])hon  suction  leading  from  the 
pump.  To  get  the  siphon  to  work  it  was  necessary  to  re- 
duce the  discharge  nozzle  until  the  water  com])letely  tilled 
in,  for,  if  eddies  formed  in  the  nozzle,  air  would  find  its 
way  back  to  the  suction  line. 

It  was  found  that  much  better  results  were  obtained  by 
coiniecting  the  siphon  suction  into  the  suction  casing  di- 
rectly over  tbe  center  of  the  im])e]ler  shaft,  instead  of  the 
top  of  the  disdiarge  casing.  It  seems  tliat  tlie  imi)eller 
throws  what  water  there  is  in  the  puni])  out  against  the 
disduirge  casing,  leaving  the  air  inii)risoned  in  the  center 
of  the  im])eller.  The  dis(harge  pipes  contain  check 
valves  and  electrically  oi)erated  gate  valves.  They  are 
fitted  witli  safety  circuit-breakers  so  that  tlH<y  cannot 
lie  opened  or  closed  far  enough  to  jamb. 

The  no-voltagc  release  is  so  arranged  that,  when  op- 
erated, it  forms  a  circuit  in  a  250.vo]t  line  sounding  a 
gong  in  tbe  pump  house  and  in  file  engine  houses,  giving 
notice  to  rnn  noncondensing  until  the  voltage  is  built  up. 


OVER    THE    SPILLWAY 

JUST     JESTS,     JABS,     JOSHES     AND     JUMBLES 


V\e  hope  you  didn't  dodge  the  foreword  in  this  issue,  "The 
Business  End  of  the  Power  riant."  Dodging  the  business 
end  of  a  mule  is  different;  this  foreword  is  a  kick  for  you, 
not  at  you.  Read  it  twice,  digest  this  "food  tor  thought." 
and  pass  it  on  to  the  man  higher  up.  There'll  be  more  along 
these  lines  in  early  issues,  each  with  a  punch  ip.  it.  Watch 
out    for    'em! 


.\iid  speaking  uf  digestion,  did  you  know  that  Horace 
Fletcher  has  Just  finished  his  Christinas  dinner,  thus  beat- 
ing  last  year's    record   by   4   days  t!  hr.   7',^    min.'.' 

It  is  reported  in  political  engineering  circles  that  engineer 
Bryan,  over  to  the  Washington  plant,  is  using  grape  Juice  as 
a  throttle  lubricant.  When  we  indorsed  the  Wilson  brand, 
we  little  thought  that  this  Cabinet  engineer  would  try  to 
run   on   this   grape   stuff. 


Great  guns!  Somebody  claims  that  the  modern  cannon 
suggested  the  application  of  explosive  gases  in  the  driving  of 
engines.  Warlike  implements  have  their  victories  no  less 
renowned   than   peace. 

HEI.l'    W.VXTED! 
By    Hilly    SiiIIIn 

A  lady  reader  from  Pennsylvania  has  suggested  this 
picture  as  a  fair  sample  of  the  difficulties  encountered  by 
the  operating  engineers  in  the  Home  plant.  "If  the  engi- 
neer thinks  his  Job  is  hard,"  writes  friend  lady,  "how  about 
the    engineeress    he    leaves    at    home?" 

Husbands  and  fathers,  this  looks  like  hard  lines!  Here's 
a  seven-day,  overworked  isolated  plant  which  must  keep  the 
consumers  supplied  while  operating  under  great  difficulties. 
Fix  your  eye  on  that  little  unit  in  the  high  chair;  looks  like 
a  case  of  leaky  condenser.  The  big  lad  has  cut  in  with  a 
troublesome  bleeder.  The  superheater  in  the  background 
has  a  leaky  nipple.  The  supply  man  has  butted  in  and  in- 
vites the  engineeress  to  make  him  shut  down,  shut  up.  and 
make    250   r.p.m.   for   the  front  gate. 

And  all  these  troubles  seem  to  occur  Just  at  the  peak  of 
the  load.  Now   that  your  eyes  are  opehed.   what  are  you  going 


(^ 


A    Hi 


■:;    bui'il. 


to    do    to    lighten    Ihe    whil.'    wi 
done'.' 

We  are  dinged  regretful  that  this  column  can  only  givi' 
publicity  to  this  parlous  slate  of  affairs.  -Vt  this  writing 
there's  a  big  suffragette  parade  going  on  in  Noo  York,  and 
we  will  .seek  out  the  englneercsaea,  tirewomen  and  coul- 
passetteH  division  and  see  if  "Votes  for  Women"  has  a 
remedy.  But  we  balk  at  changing  places  with  any  Home 
plant    engineeri'ss:    this    is    no    remedy. 

DATKR — Pound  no  oper.-itlng  remedy  In  the  parade.  Con- 
sole yourself,  dear  lady,  by  the  thought  that  "the  hand  th.it 
rocks  the  cradle  rules  the  world" — and  make  the  old  man 
hustle  for  more  "rocks!" 
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Boiler  Inspectors'  Dinner 

Very  substantial  evidence  of  the  growth  of  the  American 
Institute  of  Steam  Boiler  Inspectors  was  had  in  the  number 
attending  its  fourth  annual  dinner.  Apr.  30.  It  was  held  in 
the  Quincy  House.  Boston.  Mass..  and  folio  ved  the  business 
meeting-    and    election    of    offlcers.       The    lai^er    for    the    year 


Boiler  Inspection  &  Insurance  Co.,  Mr.  Oldfield.  the  Casualty 
Company  of  America;  E.  J.  Scanlon,  the  Maryland  Casualty 
Co..  Messrs.  Doherty  and  Eastman,  the  Mutual  Boiler  Insur- 
ance Co.,  and  H.  H.  Coyle  is  with  the  Traveler's  Insurance  Co. 
Prominent  at  the  meeting-  and  agrain  at  the  dinner  was  the 
cartoon  drawn  for  the  nceasion  liy  .lames  McDonald,  and  re- 
pi-iiduced   heiewith.    ■riiir  Burdens."      It   was  remarked   by  sev- 


Power 


James  McDonald's  Cartoon,  Which  Made  Its  Debut  .vt  the  Boiler  IxsPEcroTt's  Dinner. 

(Acknowledirment   is  made  to  Bud   Fisher   for  the   use  of  Mutt  and  Jeff) 


1913-lf»14.  are  W.  O.  Young-,  president:  Herman  Van  Ormer. 
vice-president;  John  H.  Gleason,  secretary;  Adam  Oldfield. 
treasurer;  F.  G.  Wrigiht,  E.  J.  Scanlon.  E.  R.  Doherty,  W.  T. 
Eastman.  H.  H.  Coyle,  executive  committee.  Messrs.  Toune. 
Van  Ormer,  Gleason  and  -W^right  a're  with  the  Hartford  Steam 


eral  tliat  any  boiler  -with  single-riveted  lap  seams  and  double- 
ri\'eted  g-irth  seams  ought  to  be  thrown   out. 

The  list  of  speakers  was  so  long-  that  contrary  to  usual 
custom  the  first  were  called  upon  before  coffee  was  reached, 
so.    as    at    the   three-rint;    circus,    there    was    an    embarassment 


Attendants  at  the  Dixxei;  of  the  American  Institute  of  Steam  Boileu  Inspectors 


Mav  13.  1913 
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of  riches — in  good  things  to  eat  and  good  things  to  heai-  at 
the   same   time. 

Andrew  J.  Savage,  the  veteran  boiler  inspector,  oldest  in 
the  east.  i£  not  in  the  country,  was  the  first  heard  from  and 
received  a  warm  ovation.  It  will  be  Impossible  to  more  than 
name   the   rest  of  the   speakers   who   were  as   follows: 

P.  H.  Hogan.  past  president  of  the  National  Association  of 
Stationary  Engineers;  J.  C.  Shaw,  president  of  the  New  York 
branch  of  the  American  Institute  of  Steam  Boiler  Inspectors; 
John  A.  Collins,  secretary  Mutual  Boiler  Insurance  Co.:  James 
Stewart,  Stewart  Boiler  Works;  G.  Hill  Smith,  engineer; 
George  B.  Clark,  Edgemoor  Boiler  Works;  T.  T.  Parker,  chief 
inspector.  Fidelity  &  Casualty  Co.;  D.  M.  Dillon,  Dillon  Boiler 
Works;  William  Ranton;  H.  R.  Cobleigh.  "Power";  H.  V. 
Brady,  International  Engineering  Co.;  Henry  Lynch,  repre- 
sentative of  the  Board  of  Boiler  Rules  of  Massachusetts  and 
with  the  Hodge  Boiler  Works;  John  A.  Stevens:  W.  O.  Young, 
the  newly  elected  president:  Charles  Coopman,  New  England 
Iron  Works;  Professor  J.  C.  Riley,  Massachusetts  Institute  ef 
Technology;  J.  G.  Gillespie,  Royal  Insurance  Co.;  Robert 
Thompson,  Traveler's  Indemnity  Co.;  James  White  and 
Augustus   Lloyd. 

For  an  altogether  highly  successful  and  enjoyoble  evening 
much  credit  is  due  to  Frank  G.  Wright,  who  acted  as  toast- 
master,  and  to  Herman  Van  Orraer,  chairman  of  the  entertain- 
ment committee,  and  T.  G.  Ranton,  chairman  of  the  educa- 
tional  committee. 


Explosion  of  Boiler  Kills  Owners 

A  steam  boiler  used  to  operate  a  pumping  plant  to  raise 
■water  for  irrigation  purposes  near  Selma,  Calif.,  exploded  on 
the  afternoon  of  Apr.  20.  instantly  killing  Frank  Rouch,  the 
owner,  and  seriously  injuring  his  son.  The  boiler  was  an  old 
one  and  had  formerly  been  used  in  a  traction  engine.  There 
was   no   property   loss   exclusive  of   the   boiler. 


Coming  N.  A.  S.  E.  Conventions 

A  list  of  the  Central  States  National  Association  of  Sta- 
tionary Engineers  was  published  in  "Power,"  of  May  6.  Be- 
low are  additional  conventions  with  cities  and  dates: 

STATE   CONVENTIONS 
Newark,  N.  J..  May  22  to  25. 
Yonkers,  N.  Y.,  June  12  to  H. 
lleriden.   Conn.,   June   26    to   2S. 
Chester.  Penn.,  June   27  to   2S. 
Lawrence,  Mass.,  July  10  to  12. 
Clarksburg,    W.    Va.. 


NATIONAL    CONVENTIONS 

American  Order  of  Steam  Engineers,  Philadelphia,  Penn., 
June  2  to  7. 

Canadian  Association  of  Stationary  Engineers,  Owens 
.=^ound,  Ont..   July   29  to  31. 

Universal  Craftsmen,  Council  of  Engineers,  Boston,  Mass, 
Aug.  4  to  9. 

Eccentric  Firemen's  Association,  Pittsburgh,  Penn..  Aug.  11 
to  16. 

National  Association  of  Stationary  Engineers,  Springfield. 
Mass..   Sept.   8    to   13. 

Marine  Hngineers'  Beneficial  Association,  Washington, 
D.  C,  Jan.  19  to  24.  1914. 

International  Union  of  Steam  Engineers.  Peoria.  111..  Sep- 
tember.   1914. 


A.  S.  M.  E.  Baltimore  Program 

The  spring  meeting  of  the  American  Society  of  Mechan- 
ical Engineers  will  be  held  at  BaUimore,  Md..  May  20-23.  at 
the  invitation  of  the  Engineers'  Club  of  Baltimore  and  the 
local  members.  The  professional  sessions  have  been  ar- 
ranged as  usual,  while  all  other  events  are  in  charge  of  the 
local  committee  under  the  chairmanship  of  Layton  F.  Smith, 
past  president  of  the  Engineers'  Club  of  Baltimore. 
THE    PROGRAM 

Taradarf  Mar  2ffl — Registration  of  members  and  guests 
nt    headnu.irtera.    Hotel    Belvedere. 

Tii<-k.dnv  KvrulnE — Membership  reunion  and  Informal  re- 
'  'ption. 

^VrlIneNdnr,  Mo>-  1 — Business  Meeting,  9:30  a.m.:  Report 
of  tellers  of  election  of  member.s.  Announcement  of  ballot 
nn  amendments  to  the  constitution  relating  to  membership 
grade.i.      New    business. 


Reports  of  special  committees  on  Myriawatt.  Involute 
Gears.  Standardization  of  Catalogs,  Code  of  Ethics  and  Na- 
tional Museum.  Simultaneous  sessions  following  business 
meeting. 

Professional  Session — Papers:  "Test  of  a  Hydraulic 
Buffer,"  Carl  Schwartz;  "The  Present  Condition  of  the  Pat- 
ent Law,"  Edwin  J.  Prindle;  "Shading  in  Mechanical  Draw- 
ing," Theodore  T\'.  Johnson;  "Cost  of  Upkeep  of  Horse- 
Drawn   Vehicles    against    Electric    Vehicles."    W.    R.    Metz. 

Gas-Po^ver  Sessiun — Business  meeting.  Paper,  "Present  Op- 
eration of  Gas  Engines  Using  Blast-Furnace  Gas  as  Fuel," 
Charles    C.    .Sampson. 

Wednesday  Afternoon — Demonstration  of  the  high-pres- 
sure fire  system  at  City  Hall  plaza,  and  inspection  of  pump- 
ing station,  follo'vv'ed  by  a  sail  about  the  harbor  to  inspect 
the  water  front,  shipping  facilities,  and  other  features  of 
interest. 

Wednesday  Evening — Lecture,  illustrated  by  lantern 
views:  "Around  the  World  in  Eighty  Minutes,"  Hon.  O.  P. 
Austin,    secretary.    National    Geographic    Society. 

Thnr.sdny,  May  22 — Fire  Protection  Session,  9:30  a.m.:  "The 
Baltimore  High-Pressure  Fire  Service,"  James  B.  Scott;  "Na- 
tional Standard  Hose  Couplings  and  Hydrant  Fittings  for 
Public  Fire  Service,"  F.  M.  Griswold;  "Department  of  City 
Conflagrations."  Albert  Blauvelt;  "Allowable  Height  and  Area 
in  Factory  Buildings,"  Ira  H.  Woolson;  "The  Protection  of 
Main  Belt  Drives  with  Fire  Retardent  Partitions,"  C.  H. 
Smith;  "The  Life  Hazard  in  Crowded  Buildings  Due  to  In- 
adequate  Exits."   H.   F.  J.   Porter. 

Thursday  Afternoon — Inspection  of  sewage  pumping  plant, 
Jones  Falls  conduits,  and  trip  by  trolley  to  sewage-disposal 
plant  at  Back  River.  Automobile  trips  for  ladies,  about  the 
city  and  suburbs,   with   tea  served  at   the  Country  Club. 

Tlinrsday  Evening — Reception  and  dance.  The  society  will 
be  the  guests  of  the  Engineers'  Club  of  Baltimore  on  this 
occasion. 

Friday,  May  2,"! — All-day  excursion  at  Annapolis,  and  the 
U.  S.  Naval  Academy  with  a  reception  by  Governor  Golds- 
borough  at  the  State  House.  After  the  reception  the  party 
will  p.oceed  to  the  Assembly  Chamber  where  Admiral  H.  I. 
Cone,  engineer-in-chief  of  the  Bureau  of  Steam  Engineering. 
U.  S.  N..  will  deliver  an  address  upon  the  United  States  Ex- 
perimental Station  at  Annapolis.  Luncheon  will  be  served  at 
the  Carvel  House.  In  the  afternoon,  there  will  be  a  band 
concert  by  the  Naval  Academy  Band,  and  a  dress  parade  at  (l 
o'clock,  which  may  be  witnessed  by  those  finding  it  conven- 
ient to  remain.  It  is  expected  that  there  will  be  hydro- 
aeroplane flights  by  oflicers  and  men  of  the  aviation  school, 
and  evolutions  of  the  submarine  boats  stationed  at  Annapolis. 


N.  A.  S.  E.  Business  Legalized 

A  bill  to  legalize  the  conventions  and  business  transac- 
tions of  the  National  Association  of  Stationary  Engineers, 
when  such  transactions  were  made  outside  the  state  of  New 
York,  recently  passed  the  New  York  Legislature. 

Although  no  conventions  or  business  transactions  outside 
this  state  were  questioned,  the  officers  felt  that  it  was  best 
to  legalize  all  pa:t  and  pending  business  in  states  other 
than  New  York. 

Dinner  to  Prof.  Hollis 

On  Tuesday  evening,  Apr.  29.  a  dinner  was  given  in  honor 
of  Prof.  Ira  N.  Hollis,  formerly  of  Harvard  University  and 
recently  appointed  to  the  presidency  of  Worcester  Polytech- 
nic Institute.  The  members  of  the  Boston  sections  of  the 
American  Society  of  Mechanical  Engineers,  the  Civil  Engi- 
neers and  the  American  Institute  of  Electrical  Engineers 
gave  the  dinner,  which  was  held  at  the  Boston  City  Club. 
Among  other  distinguished  educators  present  were  Dr. 
Richard  C.  MacLaurin.  president  of  Massachusetts  Institute 
of  Technology,  and  Dr.  A.  Lawrence  Lowell,  president  of 
Harv.ard    university. 

At  the  conclusion  of  the  dinner  two  papers,  illustrated  by 
lantern  slides,  wen  presented.  "Some  Phases  of  the  Develop- 
ment of  the  Grand  Central  Terminal."  by  George  W.  Kit- 
tredge.  chief  engineer  of  the  New  York  Central  Lines,  and 
"Problems  In  Local  Transportation."  by  Matthew  C.  Brush, 
second  vice-president   of  the   Boston   Elevated   Ry.   Co. 


W.  A.  Bone,  of  the  Univer.illy  of  Leeds,  and  C.  D.  McCourt. 
of  London,  have  taken  out  an  EnKllsh  patent  upon  a  (zrrate 
or  hearth  for  the  application  of  the  Bone  system  of  sur- 
face  combustion   to   an   ordinary   furnace. 
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Exaggerated  Flood  Reports 

The  Piatt  Iron  Works  Co.,  Dayton.  Ohio.,  is  another  com- 
pany whose  condition  has  been  exaggerated  by  recent  flood 
reports.       B.    K.    Gantt    writes    as    follows: 

"While  it  is  true  that  we  have  suffered  considerable  dam- 
age, our  buildings  were  practically  uninjured  and  we  have 
recovered  more  quickly  than  we  anticipated.  The  second  day 
after  the  water  subsided  we  had  steam  up  and  the  work  of 
removing  the  mud  and  debris  was  started.  Our  entire  or- 
ganization responded  most  loyally  toward  getting  the  plant 
in  operation,  irrespective  of  the  fact  that  many  of  them  suf- 
fered personal  loss  due  to  the  flood.  A  small  portion  of  our 
plant  was  put  In  operation  Apr.  7  but  as  a  large  number  of 
our  machine  tools  are  equipped  with  individual  motor  drives 
we  were  obliged  to  bake  and  clean  these  motors  and  did  not 
start  up  in  all  departments  until  Apr.  21.  We  are  now  pre- 
pared to  accept  and   fill  all  orders   promptly." 


Bureau  of  Licenses  Not  to  Inspect 
Boilers 

During  the  last  session  of  the  New  York  Legislature.  Sen- 
ate bill  No.  2499,  which,  in  effect,  was  to  permit  New  York 
City  to  transfer  the  duties  of  boiler  inspection  and  the  licens- 
ing of  engineers  and  firemen  from  the  Police  Department  to 
the  Bureau  of  Licenses  was  not  "brought  out  of  committee." 
It   is   considered   that    the    bill    will    now    be    lost   by    default. 


Hydro-Electric  Enterprise  in  Italy 

It  is  reported  that  arrangements  have  been  completed  for 
carrjing  out  several  important  hydro-electrical  projects  in 
Italy.  The  Societa  per  le  Porze  Idrauliche  della  Sila  is 
about  to  erect  a  large  power  station  in  southern  Italy  to  gen- 
erate 50,000  hp.  The  generating  station  will  be  at  Cosenza, 
in  Calabria,  and  part  of  the  power  will  be  consumed  on  the 
spot  for  the  manufacture  of  calcium  carbide,  the  remainder 
being  transmitted  by  cables  to  various  centers.  The  pre- 
liminary capital  will  be  about  $8,000,000.  It  necessary  the 
water  power  available  can  be  made  to  generate  150,000  hp. 
A  power  station  is  also  being  erected  in  Sardinia  to  electrify 
the  power  of  the  River  Tirso.  About  15.000  hp.  will  be  gen- 
erated, and  win  be  taken  by  the  numerous  mines  in  the  dis- 
trict. 

A  new  generating  plant  is  being  laid  down  in  northern 
Italy  by  the  Societa  Ligure  Toscana  di  Elettricita.  The  new 
station   will   generate   15,000   hp. 

The  State  railway  authorities  have  just  entered  into  a 
contract  for  the  supply  of  power  in  connection  with  the 
tlectrification  of  the  Ronco-Sampierdarena-Genoa  line.  The 
power  station  will  be  completed  in  a  few  months  and  will 
generate  about   50,000   hp. 

In  central  Italy,  too,  several  hydro-electrical  power  sta- 
tions are  to  be  erected.  The  water  power  in  central  Italy  is 
said  to   be  considerable,   representing   close  on   400,000   hp. 


SOCIETY     NOTEvS 


The  institution  of  Engineers  and  Shipbuilders  in  Scotland 
and  the  Institution  of  Naval  Architects  have  arranged  a  joint 
summer  meeting,  which  is  to  be  held  in  the  rooms  of  the 
Scottish  Institution,  Elmbank  Crescent,  Glasgow,  on  June  24, 
25.    26   and    27. 

The  eighteenth  annual  convention  of  the  National  Asso- 
ciation of  Manufacturers  will  hold  its  annual  convention  on 
Jlay  19,  20,  21,  at  Detroit,  Mich.  This  organization,  composed 
of  4000  of  the  largest  firms  in  the  country,  has  in  recent 
years  held  its  annual  sessions  at  New  York,  the  importance 
of  its  discussions  and  the  prominence  of  its  speakers  at- 
tracting an  attendance  of  approximately  a  thousand  repre- 
sentatives   of  large  employers    throughout    the    United    States. 

The  proceedings  of  the  association  this  year  will  be  of 
exceedingly  great  interest  to  manufacturers  and  employers 
everywhere  on  account  of  the  change  in  the  national  ad- 
ministration, the  application  of  new  tariff  schedules,  the 
legislative  enactments  designed  for  the  regulation  of  busi- 
ness, both  big  and  little,  the  general  economic  unrest,  and 
the    ever-sharpening    aspects    of    the    labor    situation.       The 


convention,  which  will  be  at  the  Hotel  Pontchartrain,  will 
witness  the  inauguration  of  many  new  policies  and  plans  for 
the  betterment  of  industry,  notable  features  being  addresses 
and  reports  on  accident  prevention  and  workmen's  compen- 
sation, industrial  e'ducation.  fire  prevention,  export  trade, 
patent  reform,  currency  and  banking,  immigration,  inter- 
state commerce  and  federal  incorporation,  consular  reform, 
bankruptcy,   uniform   state   laws. 

CThe  opening  address  will  be  by  Mayor  Oscar  B.  Marx,  of 
Detroit,  followed  by  an  address  of  welcome  by  James  Cou- 
zens.    president    of    the    Detroit    Chamber    of    Commerce. 

In  connection  with  the  report  of  the  Committee  on  Acci- 
dent Prevention  and  Workmen's  Compensation  there  will  be 
a  notable  exhibit  of  safety  devices;  Ferd.  C.  Schwedtman. 
chairman  of  the  committee,  will  deliver  an  address,  inci- 
dental to  which  lantern  slides  and  moving  pictures  will  be 
shown,  followed  by  a  discussion  by  J.  A.  Robertson,  of  the 
Eastman  Kodak  Co.,  Rochester,  N.  Y. :  J.  P.  Douglas,  of 
the  United  Gas  Improvement  Co.,  Philadelphia,  Penn.,  and 
L.  B.  Robertson,  of  the  Ford  Motor  Co..  Detroit,  Mich.,  and 
others.  The  session  devoted  to  industrial  education  will 
consist  of  a  report  by  the  committee  and  addresses  by  H.  E. 
Miles,  chairman,  and  Dr.  John  H.  Leete,  Dean  of  the  School 
of  Applied  Science  of  the  Carnegie  Institute  of  Technolog>'. 
Pittsburgh,    Penn. 


PERvSONALS 


J.  K.  Haigh,  for  10  years  connected  with  the  Snow  Steam 
Pump  Works  in  Buffalo,  has '  been  transferred  to  the  com- 
pany's Los  Angeles  office. 

The  Hon.  William  C.  Redfield  has  resigned  as  vice-presi- 
dent and  a  director  of  the  American  Blower  Co.,  Detroit. 
Mich.,  since  his  appointment  as  Secretary  of  Commerce  in 
President   Wilson's   cabinet. 

John  Hays  Smith,  commercial  engineer  of  the  Milwaukee 
Electric  Ry.  &  Light  Co.,  in  charge  of  engineering  and  sales 
of  electric  power  and  steam  heat,  has  resigned  to  engage  in 
consulting  engineering,  with  offices  in  the  Merrill  Buildin;;-, 
ililwaukee.  Before  coming  to  Milwaukee  Mr.  Smith  was  with 
the  Duquesne  Light  Co.,  Pittsburgh,  and  was  with  the 
^Vestinghouse   Electric   &   Manufacturing  Co.   for   seven   years. 

.V  Diesel  Engine,  built  by  the  Busch-Sulzer  Bros.  Diesel 
Co..  St.  Louis,  Mo.,  for  the  Hugo,  Oklahoma,  Ice  &  Light  Co., 
was  tested  recently  by  A.  T.  Scott,  Dallas,  Tex.  The  engine 
is  a  three-cylinder  machine,  rated  at  225  net  b.hp.,  direct  con- 
nected to  a  generator.  The  fuel  consumption  in  various  rates 
of   output   was  as  follows: 

Oil  burned  per  net 
Net  brake  hp.  brake  hp.-hour,  lb. 


111.39 
162.97 
219.63 
245.6 


0.769 
0.482 
0.454 
0.441 
0.444 


The  air  compressor  furnishing  the  air  for  starting  the  en- 
gines and  injecting  the  fuel  supply  was  driven  by  power  from 
an  independent  source.  The  current  used  to  drive  this  com- 
pressor was  deducted  from  the  output  of  the  generator  to 
obtain  the  net  brake-horsepower.  The  engine  tested  had  been 
in  operation  for  six  months.  The  oil  used  showed  on  analysis 
IS. 986  B.t.u.  per  lb.  of  oil;  the  specific  gravity  was  0.8531,  and 
it  had  a  viscosity  of  92  degrees  F.  of  1.63.  Analysis  of  the 
exhaust  gases  showed  that  no  combustibles  remained  in  them. 


NEW     EQUIPMENT 


.VTL.VNTIC    C'O.VST    ST.-VTES 

The  Buzzards  Bay  Electric  Co.  has  been  granted  a  fran- 
chise to  construct  and  operate  an  electric-light  plant  at 
Chatham,  Mass.  H.  H.  Taylor,  Falmouth,  Mass.,  is  superin- 
tendent. 

Plans  are  being  prepared  by  the  Berkshire  St.  Ry.  Co.  for 
the  construction  of  a  new  substation  at  Lee,  Mass.  C.  L. 
Richmond,    Pittsfield,    Mass.,    is    general    manager. 

A  committee  has  been  appointed  to  investigate  the  feas- 
ibility of  installing  a  water  system  at  Somerset,  Mass.  D,  E. 
Davis   is   town   clerk. 

The  city  council  of  Chambersburg.  Penn.,  is  considering 
the  proposition  to  appropriate  $30,000  for  the  improvement  of 
the  municipal  electric-light  plant  and  the  installation  of  new 
equipment. 

The  village  authorities  of  Lawrenceville,  Penn,,  are  con- 
sidering plans  for  the  installation  of  a  water  system. 
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THEY  ARE  BOTH  FINE  HORSES  BUT  THEY  PULL  BEvST  HITCHED  DOUBLE 
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The  First  American  Locomobile 


By  F.  K.  Low 


SYXOPSIS — A  self-contained  superheated  steam-driven 
unit  which  turns  out  an  indicated  horsepoiver  on  a  trifle 
over  a  pound  of  coal  per  hour,  in  sizes  of  less  than  200 
horsepower  capacity. 

Take  a  high-class  compound  engine,  mount  it  upon  its 
boiler,  so  that  the  cylinders  are  in  the  smoke  box  and  the 
steam  passes  from  the  superheater  directly  to  the  high- 
pressure  cylinder,  and  fruni  the  high-pressure  through  a 
reheater  directly  to  the  low  without  extraneous  piping. 
Euu  the  condenser  and  feed  pumps  from  the  engine  itself 
so  that  the  unit  constitutes  a  complete  steam  plant  with 
all  its  accessories,  and  you  have  what  has  been  known 
for  years  in  Europe  as  a  "locomubile." 


old  throttle-valve  engine  was  limited  and  built  the  first  au- 
tomatic cutoff  engine  west  of  the  Alleghanies,  which  built 
the  first  American  steam-engine  indicator,  which  was  the 
first  American  shop  to  use  blueprints,  which  was  close 
upon  the  heels  of  the  gas-engine  development,  and  which 
has  always  been  upon  the  firing  line  of  progress,  the 
Buckeye  Engine  Co.,  of  Salem,  Ohio. 

Whence  the  "Buckeyemobile,"  as  their  new  product  is 
destined  to  be  known.  For  more  than  a  year  they  have 
hccn  at  work  (lc\cl(ipiiig  and  testing  out  the  new  machine, 
and  Avouh]  nut  aHow  attention  to  be  directed  to' it  imtil 
it  had  demon.strated  it<  practii-ahility  and  worth  by 
months  of  service. 

Fig.  1  is  an  exterior  view  of  the  unit,  tlic  nuikeup  and 
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Tiie  amount  of  fuel  used  by  these  imits  is  surjirisingly 
small,  and  it  was  the  adoption  of  a  self-contained  steam 
l^lant  of  this  sort  for  its  propulsion  that  gave  the  name 
Locomobile  to  a  well  known  American  motor  car.  These 
units,  not  at  all  of  the  rough-and-ready  order  of  the  or- 
dinary portable  outfit,  but  highly  finished  and  adapted  to 
the  ornate  surroundings  of  the  high-class  continental 
power  plant,  are  in  very  common  use  abroad.  Much  lias 
been  published  in  Power  and  elsewhere  concerning  their 
performances,  and  wonder  has  been  expressed  that  no 
American  manufacturer  has  undertaken  to  supply  them. 

It  has  at  last  been  our  pleasure  to  see  a  real  locomobile 
built  by  American  engineers  in  an  American  shop,  and 
it  is  logical  and  natural  that  this  shop  should  be  that  of 
the  company  that  early  recognized  that  the  field  of  the 


component  parts  of  which  will  be  understood  from  the 
plan,  elevation  and  longitudinal  cross-section  in  Figs.  2, 
3  and  4,  and  from  the  views  of  the  dismantled  engine 
shown  in  the  other  reproduced  photographs. 

Referring  first  to  Fig.  4,  the  gases,  after  passing 
through  the  boiler  tubes,  impinge  upon  the  superheater 
which  consists  of  a  continuous  coil  of  seamless  drawn- 
steel  tubing,  3  in.  in  outside  diameter,  shown  in  place 
in  Fig.  5,  and  then  through  the  reheater,  consisting  of 
loops  of  1-in.  seamless  tubing  expanded  into  headers,  as 
shown  in  Fig.  6,  after  which  they  escape  by  the  discharge 
passage  as  indicated.  The  space  above  the  superheater 
and  reheater  is  not  shut  off  and  the  gases  are  free  to  rise 
around  the  cylinders  and  connecting  piping.  No  attempt 
lias  been  made  to  heat  the  feed  water  witli  the  a:ases. 
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Fig.  5.   Buckeyemobile  SxiuprED  of  Lackuxg.  Jacket,  Etc. 


The  steam  is  taken  from  the  steam  dome,  and  passes, 
as  shown  in  Fig.  4,  into  the  far  end  of  the  superheater, 
returning  in  a  direction  counter  to  tliat  of  the  gas  flow, 
passing  into  the  high-pressure  c^iinder  just  after  contact 
with  the  hottest  gases.  Leaving  the  high-pressure  cylin- 
der it  passes  through  the  reheater  and  to  the  low-pressure 
cylinder,  whence  it  is  diseliarged  through  the  feed-water 
heater  to  the  conden.ser. 

As  is  consistent  with  a  self-contained  unit  the  boiler 
is  internally  fired,  requiring  no  setting,  avoiding  losses 
from  air  infiltration,  etc.     It  is  significant  of  the  economy 


of  the  comhination  that,  with  the  .sieam  furnished  by  this 
little  boiler,  having  only  !)  sq.ft.  of  grate  surface  and 
about  3T0  sq.ft.  of  heating  surface,  the  unit  hati  turned  out 
200  indicated  horsepower. 

By  unbolting  the  flanges  A  and  B,  Fig.  4,  the  furnace 
and  tubes  can  be  removed,  as  shown  in  Fig.  7,  for  clean- 
ing and  inspection.  This  is  no  new  expedient,  but  has 
been  for  years  in  successful  use  in  German  locomobiles. 

The  boiler  is  built  in  two  courses  of  %"i'i-  sheets  sup- 
])orted  by  three  cradle  brackets  on  each  side,  as  shown 
ill  Fiff.  7.  :iMil  i;irncs  .-it  ii-;  (•ciitiM'  :\  massive  saddle  which 


Fig.  6.  Eeheatee 


Fig.  7.  Boilek  with  Fltrnace  and  Tubes  Eemoved 
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Fig.  8.    Valves  after  Moxths  of  Use 

spans  al)ont  one-third  of  its  circnmference.  To  this  the 
engine  bed  is  rigidly  secured  at  the  main  bearing  end. 
The  guide-barrel  end  rests  upon  a  smaller  saddle  at  the 
rear  end  of  the  boiler  and  is  free  to  slide  thereon,  avoiding 
stresses  from   unequal   expansion   of  the   Ijoiler   and  the 


Fig.  9 


engine  frame.  The  engine  cylinders  overhang  the  rear 
end  of  the  boiler  and  are  supported  l)y  a  Iraiiic  carried 
upon  tlie  foundation,  as  shown  in  Fig.  5. 

Tlie  high-iiressurc  cylinder  is  nearest  the  frame  and  the 
throttle  valve  is  brought  to  the  outside  of  the  casing  by 
extending  its  bonnet,  as  shown  in  the  same  view.  It  is 
again  significant  of  the  small  steam  requirements  of  the 
engine  that  this  throttle  valve  is  only  3  in.  in  diameter, 
while  tlie  valve  between  the  boiler  and  the  superheater  is 


only  314  in.  The  heaters  are  seen  to  be  freely  suspended 
in  the  path  of  the  gases,  and  steam  blowers  indicated  in 
Fig.  4  ( the  operating  handle  of  which  is  seen  at  the  right- 
hand  end  of  the  boiler)  are  provided  to  clean  the  surfaces 
when  in  operation. 

The  engine  is  shown  iu  horizontal  and  vertical  sec- 
tion in  Figs.  3  and  4.  The  cylinders  are  !IV2  and  19  in. 
in  diameter,  stroke  18  in.,  speed  300  r.p.m.  Xormal  rated 
capacity  175  ultimate,  335  i.hp.  Piston  valves  are  used, 
taking  the  steam  iu  the  center  and  exhausting  at  the  ends. 
A  photograph  of  these  valves  taken  after  two  months  of u  se 
is  reproduced  in  Fig.  8.    The  writer  saw  them  after  they 
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Fig.  11.  Test  Kicsit.ts  of  RfcKKVi'.MOBiLE 

had  been  used  for  several  mouths,  and,  althougli  they  have 
been  used  witii  high  degrees  of  sujierheat,  they  show  no 
evidence  of  lack  of  effective  lubrication.  Positive  feed 
lubrication  with  leading  pipes  whereby  the  oil  is  dis- 
charged directly  upon  the  surfaces  to  be  lubricated  is 
used  for  the  high-pressure  cylinder  while  for  the  low- 
pressure  the  oil  is  fed  in  with  the  steam.  A  simjile  and 
effective  gravity-oiling  system  takes  care  of  the  bearings, 
all  the  oil  used  being  gathered  at  one  point  and  passed 
through  a  filter  preparatory  to  being  used  over  again. 

As  the  rings  in  the  valves  constitute  the  working  edges, 
tliose  on  the  inside  controlling  the  admission  to  the  high- 
pressure  cylinder  are  made  of  the  section  shown  in  Fig. 
!i.  giving  a  sharp  unoi)structed  edge  at  A  for  admission 
and  cutoff.  The  control  of  release  and  compression  by 
the  edge  B  of  the  other  ring  or  of  the  valve  need  not  be 
so  abrupt.  The  high-pressure  valve  is  hollow  and  .'iym- 
metrical  with  thin  walls,  conducive  to  keeping  its  shape 
under  temperature  variations,  and  its  interior  is  filled 
with  exhaust  steam,  which  aiils  in  keeping  its  temjiera- 
ture  within  limits.     The  packing  used  ii|ioii  the  rods  and 


XW--- 

"~  Wv 

=■ 

iiiw 

§ 

itiijiiii^  vj^ 

'^s 

^W( 

i  ^M  oMn  -^ 

ll 

s_tte$i----^ 

'■^-'Indirniccl.Hp.  Hour_    >- 

1       ,--■■ 

^'      'ji                  -  + 

^0(1' 

-' 

200_ 

=..=.s#^^SaiiJJ 



1 

RESrl.TS     OF     SPKC'IAI.     TKSTS     OF     BITCKEYKMOKII,!'", 

Moan  EfffCtivo  Pressure  Wntor  Coal  Pressure  Superheat 
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Coal 

Oct. 

14 

tor,  r, 
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89  3 

67  5 

12  02 

28.47 

10  82 

9  65 

1.75 

1.56 

196  5 

27.15 
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214 

3 

Slaek  &  Holwiek 

CM 

2.1 

197  6 

102. 

148 

fll   35 

73  r, 

14   2 

.32   15 

11  08 

10  01 

I   65 

1.51 

am  5 

26.02 
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2 
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7C, 

20.';  .5 
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.58  9 
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24  42 
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18 
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201    5 

28. 58 
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3' 

Pittsburgli 

Oet 

2S 

2<M  9 

l<!.i  .'-. 
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94   18 

71  7 
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31   2 

11   45 

10  8 
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Daily  Summary  of  the  Performance  of  the  Buckeyemobile  on  Shop  Load 


Total 

CoaJ 

Total 

Aver. 

Load 

Coal 

Coal 

iVverage* 

Time 

Hr. 

Lb. 

per 

Kw. 

Load, 

Factor, 

per 

per 

Method  of 

Vac- 

Date 

5tart 

Stop 

Aun 

Coal 

Sr. 

Hr. 

Ivw. 

Per  cent. 

Kw.hr. 

I.hp.hr. 

Operating 

uum 

ilemarka 

Jan.  30... 
Feb.  10.... 

S:30  a.m. 
12:30  p.m. 

5:33  p.m. 
5:30  p.m. 

9 
5 

2260 
1486 

251 
297 

715 
465 

79,5 
93.0 

63 
74.4 

3  16 
3.20 

1.84 
1.S95 

Condensing 
Condensing 

Salem  Mine  coal. 
Salem  Mine  coal.     Poor  grade. 
Full  of  dust. 

Feb.  11.... 
Feb.  12... 
Feb.  H... 
Feb.  IS... 
Feb.  17... 
Feb.  20... 
Feb. 21 . . . 
Feb.  24... 
Feb. 25. . . 

12:30  p.m. 
12:30  p.m. 
12:30  p.m. 
S:00  a.m. 

5:30  p.m. 
5:30  p.m. 

5 

1474 

295 

480 

96 

76.8 

3.12 

1.93 

J^oncondensing 

Pittsburgh  coal.      14,348  B.t.u. 

5 

1232 

246  5 

440 

88 

70.5 

2.8 

1.65 

Condensing 

Pittsburgh  coal.      14,348  B.t.u. 

5:30  p.m. 
11:30  p.m. 
5:30  p.m. 
5:33  p.m. 
5:30  p.m. 
5:30  p.m. 
2:30  p.m. 

5 

1361 

274 

465 

93 

74.4 

2  95 

1.75 

Condensing 

Pittsburgh  coai.      14,348  B.t.u. 

3! 

782 

227 

285 

81,4 

65 

2.745 

1.63 

Condensing 

Pittsourgh  coal.      14,348  B.t.u. 

S:00  a.m. 

7J 

1900 

245 

720 

93 

74.4 

2.64 

1.56 

Condensing 

riolwick  coal.      14,398  B.t.u. 

1:45  p.m. 
1:05  p.m. 
6:30  a.m. 
8:10  a.m. 

3. 

loss 

290 

325 

86  7 

69.3 

3.35 

1.97 

Condensing 

Salem  (full  of  dust)  13,843  B.t.u. 

■if. 

1279 

290 

400 

90.6 

72.5 

3.195 

1.89 

Condensing 

Salem  (full  of  dusi)  13,843  B.t.u. 

m- 

5J 

3032 
1290 

303.2 
242 

925 
433 

92  5 

81.2 

74 
65 

3.59 
2,98 

1,94 
1  74 

Condensing 
Condensing 

Salem  (much  dusi)  13,843  iS.t.vi. 
McNab  hard  coal.    14.09  Vc  ash. 
12,723  B.t.u. 

Feb.  25... 

2:30  p.m. 

4:30  p.m. 

2 

525 

262.5 

186 

93 

74.4 

2  82 

1,6S    ' 

Condensing 

McNab    hard    coal    and    Salem 
coal,  75 Tc  and  20%  resp. 

Feb.  26. . . 

6:30  a.m. 

5:30  p.m. 

10 

254S 

254  8 

865 

86  5 

69,2 

2  94 

1    73 

Condensing 

Salem    coal.        Run    of    mine. 

13,843  B.t.u. 
Salem  coal.  Slack.   13,760  B.t.u. 

Feb.  27. . . 
Feb.  2'!. . . 
Mar.  1      , 

6:30  a.m. 

5:30  p.m. 
5:30  p.m. 
11:30  a.m. 

10 

2892 

289.2 

990 

99 

79 

2  93 

1,74 

Condensing 

6:30  a  m 

10 

2683 

208.3 

915 

91  5 

73,2 

2.935 

1.74 

Condensing 

Salem  coal.  Slack.   13,760  B.t.u. 

6:30  a.m. 

5 

1301 

200 

460 

92 

73,5 

2.83 

1  ,  68 

Condensing 

Salem    coal.        Run    of    mine. 
13,912  B.t.u. 

Mar.  3... 

8:10  a.m. 

5:30  p.m. 

8J 

2341 

2S1 

780 

93,6 

74.8 

3.00 

1   78 

Condensing 

Salem    coal.        Rim    of    mine. 
13.912  B.t.u. 

Mar.  4... 

6.30  a.m. 

5:30  p.m 

10 

2805 

280 

980 

98 

78.4 

2.86 

I   706 

Condensing 

Salem    coal.        Run    of    mine. 
13,912  B.t.u. 

Mar.  a.  . . 

6:30  a.m. 

5:30  p.m. 

10 

2717 

271    7 

S70 

87 

69  6 

3  12 

1.84 

Condensing 

Salem  coal.    Run  of  mine.    Con- 
tains slate.      13,912  B.t.u. 

Mar.  6.  . 

6:30  a.m. 

5:30  p.m. 

10 

2641 

2G4 ,  1 

876 

87.6 

70 

3.02 

1.78 

Condensing 

Salem    coal.        Run    of    mine. 
Rogers  coal.   In  use  at  11  a.m. 
13,912  B.t.u. 

Mar  7-  .  . 

6:30"a  m 

5:30  pm. 
11:30  a.m. 

10 

2589 

258  9 

845 

84.5 

67  6 

3.06 

1.80 

Condensing 

Rogers   Ohio     13.515,37    B.t.u. 

Mar!  S.  !  - 

.      6:30  a.m. 

1120 

260 

390 

78 

62.4 

2.87 

1.936 

Condensing 

Rogers   Ohio    coal    mixed   with 

Mar.  10. 

6:30  a.m. 

5:30  p.m. 

7 

1753 

251 

600 

85.4 

68.3 

2.92 

1.735 

Condensing 

245 

Salem  run  of  mine.  13,843  B.t.u. 
Salem  slack.     13,760  B.t.u. 

Mar.  10. 

.    12:30  p.m. 

3:30  p.m. 

3 

7S5 

262 

270 

90.0 

72 

2.91 

1.805 

Noncondensing 

Salem  run  of  mine.   13,843  B.t.u. 
.Salem  slack.     13,760  B.t.u. 

Mar.  U 

6:30  a.m. 

5:30  pm. 

7 

1724 

246 

525 

75 

60 

3  30 

1  83 

Condensing 

23  i 

Salem  run  of  mine.  Salem  slack 
(full  of  dust).  Rogers  Ohio 
lump. 

Salem  run  of  mine.    Salem  slack 

Mar.  12.  . 

6:30  am. 

5:30  p.m. 

10 

2566 

256 

770 

77 

61   3 

3  33 

I   93 

Condensing 

23  i 

(full  of  dust.) 

Mar.  13 

.      6:30  a.m. 

5:30  p.m. 

10 

2529 

252  9 

745 

74   5 

39   6 

3  39 

1   96 

Condensing 

22J 

Salem  slack.     Full  of  dust  and 
much  dirt.     13,760  B.t.u. 

Mar.  14. 

.      6:30  a.m. 

5:30  p.m. 

10 

2035 

203  5 

770 

"' 

61    3 

2  64 

1    .33 

Condensing 

221 

Salem  run  of  mine.   13,843  B.tu. 
Good   coal-      Free   from  dirt. 

Mar.  21 . 

.     8:30  a.m. 

5:30  p.m. 

8 

2312 

289 

730 

91    23 

72,8 

3   17 

1   965 

Noncondensing 

Rogers  Ohio  coal.    Full  of  dust 
and  dirt.     13,515  B.t.u. 

Mar.  22. 

.      6:30  a.m. 

11 :30  a.m. 

5 

1423 

284  6 

415 

83 

66.5 

3  44 

2,12 

Noncondensing 

Rogers  Ohio  coal.    Full  of  dust 
and  dirt.     13,515  B.t.u. 

Mar.  24. 

.      6:30  a.m. 

5:30  p.m. 

10 

3502 

350.2 

840 

S4 

67.2 

4.16 

2. 57 

Noncondensing 

Rogers  Ohio  coal.    Full  of  dust 
and  dirt.     13,315  B.t.u. 

Mar.  25.  . 

.     2:00  p.m. 

5:30  p.m. 

3! 

1000 

285,5 

345 

98,6 

78,8 

2,90 

1,82 

Noncondensing 

Salem  mine  coal.     14,000  B.tu. 

Good  quality,  free  from  dirt. 

Mar.  26   . 

.      6:30  a.m. 

5:30  p.m. 

10 

2991 

299   1 

1005 

100  3 

80,4 

2  98 

1,785 

Noncondensing 

Salem   mine  coal   14,000  B.t.u. 

Good  quality. 
Salem  mine  coal.     14,000  B.t.u. 

Mar.  27 

6:30  a.m. 

5:30>.m. 

10 

2920 

292 

930 

95 

76 

3  08 

1.83 

Noncondensing 

Good  quality.    No  dirt. 

Mar.  28.  . 

.     6:30  a.m. 

5:30  p.m. 

10 

2920 

292 

.890 

89 

71  2 

3  28 

1,94 

Noncondensing 

Salem  mine  coal.     13,750  B.t.u. 
Rodgers  Ohio  coal. 

Mar.  29 

6:30  a.m. 

11:30  a.m. 

s 

1371 

274   2 

430 

86 

68  8 

3   19 

I  97 

Noncondensing 

.Salem  mine  coal.     13,750  B.t.u. 
Rodgers  Ohio  coal 

Apr.  1... 

6:30  a.m. 

5:30  p.m. 

8J 

2134 

251 

760 

89,4 

71,5 

2  81 

1   67 

Condensing 

24 

.Salem     coal.          14,000     B.t.u. 
Good  quality  no  dirt. 

Apr.  2**. 

7:30  a.m. 

5:30  p.m. 

9 

2260 

251 

S30 

92  2 

73,8 

2-  72 

1,615 

Condensing 

24 

.Salem        coal.        14,000      B.t.u. 

Good  quality.      No  dirt. 

A  jr.  S**. 

.     2:35  p.m. 

5:05  p.m. 

2i 

697 

278 

220 

88 

70  4 

3   16 

1,77 

Condensing 

24 

Salem     mine.         Stoker     fired. 
Good  quality.      14,000  B.t.u. 

Apr.  0... 

9:10  a.m. 

5:30  p.m 

7] 

1838 

252 

620 

iyi.C, 

r.7  0 

2  97 

1    725 

Condensing 

24 

Shepherd      coal,      Salem,       0 

Stoker  fired. 

Apr.  10.. 

.     3:15  p.m. 

5:30  p.m 

2} 

621 

276 

210 

93  4 

74,8 

2.93 

1    815 

Noncondensing 

Salem     coal.          14,000     B.t.u. 

Good  quality.  Stoker  fired. 

Apr.  11.. 

1:50  p.m. 

5:30  p.m 

3! 

829 

237 

325 

92  8 

74   2 

2,35 

1    515 

Condensing 

23 

Salem     coal.          14.000     B.tu. 

Good   quality.     Stoker   fired. 

Apr.  12.. 

6:30  a.m. 

11:30  a.m. 

5 

1141 

22s  2 

390 

78 

62  4 

2  93 

1  69 

Condensing 

24 

Salem     coal.          14,000     B.t.u. 

Good  quality.    Stoker  fired. 

A-yr.  14.. 

.     6:30  a.m. 

5:30  p.m 

10 

2504 

250  4 

830 

S3 

B6    1 

3,02 

1  755 

Condensing 

26 

Salem     slack,         13,760     B.t.u. 
Full  of  dirt.     Stoker  fired. 

Apr.  15.. 

.     0:30  a.m. 

5:30  p.m. 

10 

2153 

215  3 

S43 

84,3 

67  6 

2,55 

1.495 

Condensing 

2.3 

1     Salem    lump.          14,000    B  t.u. 

Good  quality.     Hand  fired. 

Apr.  16. 

.    10.45  a.m. 

5:30  p.m 

5! 

12.56 

218  2 

525 

91   3 

73 

2  39 

1   415 

Condensing 

23 

I     Salem    lump.          14.282    B.t.u. 

Good  quality.     Hand  fired. 

Apr.  17.. 

.     6:30  a.m. 

5:30  p.m. 

10 

2112 

211   2 

835 

83  5 

67 

2  53 

1.485 

Condensing 

25 

J      Salem     lump.        14.000     B  t.u 

Good  quality.     Hand  fired. 

Apr.  18.. 

.     6:30  a.m. 

1 1:30  a.m. 

■^ 

1321 

264  2 

390 

78 

62.2 

3  36 

2  06 

Noncondensing 

Salem  run  of  mine.   13.843  B.t.u. 
Hand  fired. 

Apr.  IS.. 

.   12:30  p.m. 

5:30  p.m. 

'= 

1111 

222  2 

425 

85 

68 

2,62 

1    .54 

Condensing 

25 

.     Salem  run  of  mine.   13.843  B.t.u 
Hand  fired. 

.\pr.  19.. 

.     6:30  a.m. 

11:30  a.m. 

5 

1311 

262   2 

475 

93 

76 

2  76 

1    64 

Condensing 

25 

i     .Salem  run  of  mine.   13.843  B,t,u 
Contained  dust.     Hand  fired. 

Apr.  21 .  . 

.     6:30  a.m. 

11:30  am 

5 

1115 

223 

375 

75 

60 

2,97 

1   719 

Condensing 

26 

Salem  run  of  mine.  13.843  B.t.u. 
Contained  dust.     Hand  fired. 

Apr.  21 . . 

.   12:30  p.m. 

5:30  p.m 

5 

1187 

237 

410 

82 

65.6 

2.89 

1.68 

Condensing 

25 

I     Salem  run  of  mine.   13,843  B.t.u. 

Contained  dust.     Stoker  fired 

Apr.  22.. 

. .     6:30  a.m. 

5:30  p.m 

45 

1310 

282 

405 

85 

68 

3.32 

1   94 

Condensing 

24 

J     Salem    slack.     13,760    B.t.u. 

Stoker  fired. 

Apr.  23.. 

. .     6:30  a.m. 

5:30  p.m 

10 

2359 

235  9 

875 

87  5 

70 

2  69 

1    .59 

Condensing 

24 

J     Salem    slack.          13,760    B.t.u. 
Stoker  fired. 

Apr.  24.. 

. .     6:30  a.m. 

11:30  a.m 

5 

1201 

240 

405 

81 

65 

2  96 

1,73 

Condensing 

24 

i     Salem   slack.         13,760      B.t.u. 
Stoker  fired. 

Apr.  25. . 

. .     6:30  a.m. 

5:30  p.m 

10 

2123 

212  3 

835 

83  5 

67 

2.54 

1   495 

Condensing 

25 

'     Salem  mine  run.      13,843  B.t.u. 

Hand  fired, 
i     Salem  mine  run.      13,843  B.t.u. 

Apr.  2S.  . 

..     9:30  a.m. 

5:30  p.m 

7 

1874 

267.7 

720 

102  9 

82 

2.60 

1,36 

Condensing 

24 

Hand  fired. 

Apr.  29.. 

.     6:30  a.m. 

5:30  p.m 

10 

2163 

216  3 

900 

90 

72 

2.40 

1   42 

Condensing 

26 

i     Salem  mine  run.      13.843  B.t.u. 
Hand  fired. 

Apr.  30. 

..     6:30  a.m. 

5:30  p.m 

10 

2138 

213  8 

865 

86,5 

69 

2.47 

1   453 

Condensing 

23 

5     Salem  mine  run.      13.843  B.t.u. 
Hand  fired. 

May  1 . . 

. .     6:30  a.m 

5:30  p.m 

10 

1821 

182   1 

835 

83  5 

66 

2,18 

1   28 

Condensing 

24 

\     Pocahontas  run  of  mine.     Hand 
fired.      13.966  B.tu. 

May  2.. 

. .     6:30  a.m 

5:30  p.m 

10 

1991 

199   1 

863 

86.5 

69 

2.3 

1   35 

Condensing 

24 

\     Pocahontas  run  of  mine.     Hand 
fired.     13.966    B.t.u.t 

*Va 

cuum  referred  to  30"  barometer 

**  Locomobile  shut  down  from 

Apr.  2  to  .Apr.  S 

to  install  extended  furnace  and  stoker.     fWet  coal. 

May  20.  1913 
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stems  is  shown  iu  Fig.  10.  The  riugs  are  not  split  but 
simpl_y  strung  upon  the  rod,  and  form  iu  their  ensemble  a 
labyrinth  packing  which  appears  not  to  suffer  from  the 
high  temperatures  used,  and  which  has  kept  the  rods  iu 
excellent  shape  during  the  months  of  use.  The  inter- 
mediate packing,  between  the  high-  and  low-pressure  cyl- 
inders, is  so  placed  that  nothing  but  steam  could  leak  in- 
wardly through  it  when  the  engine  is  run  condensing. 


HIGH         PRESSURE 


PoWeH 


LOW      PRESSURE 

Fig.  12.   Typical  Diagkam.s  fboji  BrcKEYKiioniLE 

Everything  has  been  designed  with  a  view  to  accessibility 
and  it  can  be  easily  seen  from  the  drawings  how  readily 
the  combination  of  engine  boiler  and  accessories  can  be 
taken  apart. 

A  simple  form  of  flywheel  governor,  controlling  only 
the  high-pressure  valve,  is  used,  and  the  results  of  years 
of  Buckeye  experience  embodied  in  the  handling  of  the 
engine  portion.     The  second  flywheel,  is  notched  on  the 


in  the  Buckeye  shops  at  Salem,  Ohio,  for  mouths  driv- 
ing a  generator  to  which  it  is  direct  connected  through 
a  flexible  coupling.  The  generator  is  mounted  upon  a 
brick  pier  to  bring  it  to  the  shaft  level. 

The  photographs  here  reproduced  have  been  taken  while 
the  engine  was  under  development  test  and  revision  and 
do  not  at  all  bring  out  its  possibilities  with  respect  to 
appearance.  In  its  normal  condition  it  is  neatly  jacketed 
with  sheet  steel  secured  with  polished-steel  bands,  lined 
with  nonconducting  material,  and  divested  of  much  of 
the  piping  and  apparatus  incidental  to  its  somewhat  tem- 
poral and  evolutionary  condition. 

The  analysis  of  a  test  made  in  October  is  shown  in  Fig. 
11.  The  engine  developed  an  indicated  horsepower  on  les.s 
than  9.75  lb.  of  steam  per  hour.  Attention  is  called  par- 
ticularly to  the  flatness  of  the  coal  curve.  The  daily  rec- 
ord is  carefully  kept  and  is  epitomized  in  the  following 
tabic.  The  unit  delivers  a  kilowatt  for  about  2i/^  lb.  of 
coal  per  hour,  and  an  indicated  horsepower-hour  for  some 
less  than  ll/^  lb.  condensing  and  little  more  than  2  lb. 


% 

A 

B 

C 

D 

E 

F 

e 

H 
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16-e' 

7-9' 

6-j' 

9'-3' 
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10 

4' 

%5 

IS'-S 
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M-l' 

II 

5' 

'%0 

2l-i' 
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12 

6 
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14 

T 

T» 

27-0' 

11-6' 
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"-^s 

29'-8 
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15-8 

27-6' n 

/;' 

'Zi 

J5'6" 

ii'-6' 

11-6' 

16-6' 

28'-9'ie 

ti 

G= Space  leguiredai 
furnace_end  for 
removing  firebox  b.  futes 

F      >J 

H' Space  required  of  I 
srrtokebox  end  for  \ 
removing  5uperheafers\ 

I 


F"i(;.   1-5.     K\ri,M)i,i)   I''ii;i:ii".\ 


Capacities  and  DniEXsioxs  of  BicKEVEiioBiLEs 


noncondensing.  Results  (if  siiccial  tests  are  given  in  a  sec- 
ond lablc.  Tilt'  pcrrormaiice  of  the  engine  is  excellent, 
lie!  ween  nine  and  ten  ])(iinids  of  steam  per  indicated  horse- 
|icw('r-liour. 

'riic  analysis  of  the  coals  w^vd  in  the  s|iecial  tests  are 
as  r,,l|.,ws:  " 

Snlcin  Ilclwii-k  Pit  tiilmrgh  Pocalion- 

Kirirl  lump  niii-i)f-niine           lump  tim 

Moisture  % 1 . 0:i  2. 30 

Vnlatilc  % 41    17  42  65  35.50  18.95 

Fixed  carbon  % 51    in  ,50.22  56  10  74. 

Aiih  <■;. 6  10  7  13                 8  40  4  75 

.Sulphur  % 3  63  194                  2.12  0.58 

B.l.u.perlb 14.282  14,398  14.078  13.966. 

'i'ypical  diagrams  are  simwii  in  Fig.  12.  Fig.  13  shows 
iiii  extended  firebox  with  which  even  better  results  have 
been  attainetl.  almost  tout  hiiig  a  jiound  of  coal  per  horse- 
power-hour. We  shall  ha\('  more  to  say  about  these  later 
tests   in   a   I'litiire   issue. 


inner  edge,  as  shown  in  Fig.  1,  and  a  ]>awl  and  lever  .4 
and  li  provided  for  turning  the  engine  over  by  hand.  At- 
tached to  the  strap  of  the  low-pressure  eccentric  is  the 
rod  of  the  boiler-feed  pump.  Fig.  2.  A  Connersville 
condenser  (Power,  Apr.  25.  1911,  p.  661)  is  u.sed,  the 
rotary  pump  of  which  is  driven  by  a  belt  from  the  main 
shaft.     The  unit  under  description  lias  been  under  test 


Thi'  conibineti  cUilrkiil  power  output  of  the  7.500  central 
Kcneruting  statlon.s  of  the  rotintry  aggrroprates  12,000.000.000 
horsepower,  according  to  one  of  the  biK  electric  llRht  and 
power  associations  which  has  been  jfatherlnc  statistics  on 
the  amount  of  electric  power  Konerated  in  the  United  .States, 
As  an  Illustration  of  what  an  Immense  output  that  means, 
an  electrical  pniarineer  says  it  would  take  5,000,000  of  the 
larjcest  sized  locomotives  to  exert  this  amount  of  power,  and 
that  It  would  be  sufficient  to  propel  342,857  of  the  largest 
sUed   ocean  steamships. — N,    Y.   "Tribune." 
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Heine  Boiler  Tests  at  Terminal  Stations 


i^YNOPi'^IS — So7ne  test  figures  of  the  performance  of  the 
boilers  at  the  largest  railway  lerminal  station  in  the  world. 
Superheated  steani  is  used  and  the  boiler  sellings  are  of 
.••■liecial  design. 

The  Grand  Central  Terminal  of  the  New  York  Central 
&  Hudson  River  R.E.,  receutlj-  opened  to  the  public,  i,s 
liie  largest  terminal  station  of  any  railroad  in  the  world, 
and  covers  an  area  of  over  seventy  acres.  At  the  north 
of  the  terminal,  at  Fiftieth  St.  and  Park  Ave.,  is  situated 
the  service  plant,  a  building  160  ft.  long  by  90  ft.  wide,  of 
steel  and  brick  construction,  carried  on  steel  columns 
iibove  the  tracks. 

The  service  plant  furnishes  electricity  for  lighting,  the 
ui>eration  of  elevator  and  other  motors,  heat  for  all  build- 
ings within  the  terminal,  and  steam  for  heating  of  cars 
in  the  statiou.  Fire  and  service  pumps,  freight-elevator 
]iumps,  compressors  and  miscellaneous  pumps  and  boiler- 
))lant  auxiliaries  are  also  installed. 

The  service  station  is  primarily  a  heating  plant.  Steam 
required  for  heating  cars  within  the  terminal  is  drawn 
from  the  boilers  tbrougk  reducing  valves.  This  load 
amounts  to  a  large  portion  of  the  total  in  times  of  cold 
weather.  The  heating  of  all  the  various  buildings  within 
the  terminal  area  is  by  hot  water,  heated  by  the  exhaust 
steam  of  the  various  units  in  the  power  plant.  At  present 
the  hot  water  is  supplied  at  two  pressures  and  tempera- 
tures in  separate  systems,  btit  later  when  higher  buildings 
are  erected,  a  third  system  will  be  installed.  The  present 
low-pressure  system  circulates  about  4500  gal.  per  min., 
and  the  intermediate-pressure  system  about  1000  gal.  per 
min.  The  water  is  heated  in  three  large  '"even-flow"  ex- 
haust-steam heaters,  and  is  circulated  by  suitable  motor- 
driven  centrifugal  pump.s.  The  temperature  of  the  water 
is  recorded  and  regulated  iji  accordance  with  the  prevail- 
ing atmospheric  comditions,  thtis  eliminating  the  neces- 
sity of  regulation  at  the  radiators  in  any  part  of  the  sys- 
tem. The  principal  supply  of  exhaust  steam  at  this  time 
is  derived  from  three  General  Electric  turbines,  driving 
500-kw.,  275-volt,  direct-current  generators. 

The  boiler  equipment  consists  of  10  Heine  boilers,  six 
of  635  hp.,  atid  four  of  550  hp.  Space  is  reserved  on 
the  second  floor,  where  these  boilers  are  installed,  for  four 
additional  635-hp.  boilers,  and  on  the  third  floor  there 
is  space  reserved  for  14  boilers  of  a  total  rating  equal  to 


that  on  the  second  floor.     The  position  of  the  boilers  is 
shown  in  Fig.  1. 

No.  2  buckwheat  is  fired  at  present  by  hand,  but  pro- 
vision is  made  for  future  stokers,  natural  draft  being  pro- 
vided by  two  steel-plate,  brick-lined  stacks,  17  ft.  out- 
side diameter  and  about  320  ft.  high  above  the  grates. 


Fig.  1.    IIkink  Hoilkks  ox  Six'uxi)  Fi.ooii  of  thh  GitAxn 
Centkal  S'I'atiox  Skkvice  I'laxt 

Forced  draft  when  needed  is  furnished  by  two  engine- 
driven  blowers.  Coal  is  delivered  either  by  cars  on  the 
track  level,  or  by  trucks  on  the  street  level.  It  empties 
through  chutes  into  a  balanced  skip  hoist,  which  deliver"': 
it  at  the  rate  of  60  tons  an  hour  to  overhead  storage  bins 
of  3000  tons  capacity.  Ashes  are  removed  from  the  first 
floor  under  the  boilers. 


acceptance  test  of  a  6.35-hp.  heixe  boiler  with  superheater  at  grand  central  station  service 

plant.  x  y.  city 


Test 

Square  feet  of  shaking  grates. 
Fuel 


Moisture 

Ash : . . 

i.t.u.  per  lb.,  coal . 


Du 


I  of  ] 


Total  weight  of  coal  as  fired 
Tol^I  weight  of  water  fed  to  boil< 

Coal  per  liour  as  fired 

Water  per  hour,  actual  conditioi..- 

Average  steam  pressure 

Temperature  of  feed  water 

Superheat 

CO,  by  volume 

Hp.  developed 

Percentage  of  rating 


Bcononuc  Results 
Water  apparently  evaporated  per  lb.  coal,  actual  conditions. 
Fiquivalent  evaporated  from  and  at  212  per  lb.  coal  as  fired.  . . 

Fauivalent  evaporated  from  and  at  212  per  lb.  dry  coal 

Efficiency  of  boiler  furnace  and  grate 


Oct.  30,  1912.. 

Feb.  21.  1912 

125 

125 

No.  1  Buckwheat  , 

No.  2  Buckwheat 

N.Y.C.  &  H.R  R,R.    ChcmLst 

Harri.s    Labora 

ory     New  York  City 

as  received             dry  coal 

as  received 

dry  coal 

5.0 

4.96 

17,93  per  cent 

20. 92  per  ce 

It        22. 02  per  cent 

12,193 

10,880. 

11,448. 

8.916  hr. 

8.166  hr. 

24,640  lb. 

26,075  lb. 

165,377  lb. 

164,205  lb. 

2763  lb. 

(dry) 

3035  lb. 

18,546  lb. 

26,040  lb. 

179  5  gage 

176  lb.  gage 

62  7  deg.  F. 

41  deg.  F. 

89.0  deg.  F. 

122  deg.  F. 

13.80 

675  hp. 

755  hp. 

106  per  cent 

119  per  cent 

6.711b. 

6.3  1b. 

8.43  lb. 

8.16  1b. 

8.87  lb. 

8.58  1b. 

70.5  percent 

72 .  67per  cent. 
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In  Fig.  2  is  shown  lougitudinal  and  cross-sectional 
views  of  one  of  the  635-hp.  Heine  boilers  with  super- 
heater. These  boilers  work  at  180  lb.  pressure,  and  100 
deg.  superheat,  and  are  of  the  two-drum  tj'pe.  Horizontal 
baffling  is  inserted  so  as  to  make  two  main  passes  for  the 
gases.  On  the  lowest  row  of  tubes  are  placed  a  number 
of  rows  of  firebrick  tile,  extending  over  the  furnace,  and 
back  over  the  high  bridge-wall,  thus  forming  the  roof 
of  the  combustion  chamber.     The  middle  baffle  is  located 


U-elements,  and  expanded  into  box  headers  of  a  rect- 
angular shape.  Hollow  stay-bolts  in  the  headers  permit 
of  rapid  and  effective  cleaning  of  soot  from  the  super- 
heater tubes,  and  handhole  plates  are  provided  for  access 
to  the  tube  ends.  Within  the  headers  there  are  two  parti- 
tion plates  dividing  the  superheater  box  into  three  cham- 
bers and  causing  the  steam  to  flow  through  the  tubes  in 
four  passes. 

The   performance   of   one   of   these    6.j.j-hp.    boilers    is 


Section     A- 


Secflon    C-D 

Longitudinal       Section 

Fig.  2.    P]xd  and  Side  Klevatiox  of  a  635-Hi'.  Heixk  Boilek 


on  the  ninth  row  of  tubes  and  consists  of  a  special  cast- 
iron  baffle,  extending  from  the  rear  water  leg  toward  the 
front  water  leg  with  a  sufficient  opening  for  the  passage 
of  gases.  On  the  top  row  are  placed  T-tiles  similar  to 
tho.se  on  the  bottom  row.  The  travel  of  the  gases  is  ob- 
vious. Attention  is  ilrawn  to  the  fact  that  the  effective 
jiatli  is  long,  and  the  boiler  surface  is  compactly  arranged, 
llius  giving  efficient  absorption  of  heat  in  the  hot  gases 
even  with  the  comparatively  high  furnace  temperatures 
resulting  from  the  combustion  chamber  formed  by  the 
tile  over  the  furnace. 

The  superheater  consists  of  two  parts,  one  to  the  outer 
side  of  each  drum.  Each  superheater  is  located  above  the 
water  line,  in  a  firelirick  chamber  formed  in  the  setting, 
as  shown.  A  flue  connects  the  chami)er  directly  with  the 
furnace,  and  a  small  per  cent,  of  the  furnace  ga.^cs  flow 
up  the  flues  and  su])ply  the  heat  to  the  superheater  tubes. 
The  hot  gases  make  two  passes  over  the  superheater  tubes, 
rul  then  flow  out  of  the  superheater  chamber  at  the  end 
nearest  the  front  header,  so  that  before  reaching  the  up- 
take and  joining  (be  boiler  gases,  they  pass  under  the 
lioiler  drum.  A  damper  in  the  superheater  outlet  gives 
romplete  control  of  the  amount  of  gases  flowing  over  the 
tubes,  therefore  permitting  of  temperature  regulation  and 
also  of  entirely  cutting  off  the  su|)ply  of  hot  gases  when 
saturated  steam  is  desired,  or  when  there  is  no  boiler 
load.  Xo  provision  is  made  for  flooding  of  the  super- 
heater as  that  operation  is  unnecessary. 

The  superheaters  themselves  are  constructed  of  l^^-'"- 
■iiild-steel,  seamless-drawn   tubing,   bent  in   the  form  of 


given  by  the  test  figures  tabulated  in  the  accompanying 
test  tables.  The  tests  were  made  with  anthracite  buck- 
wheat Nos.  1  and  2  and  natural  draft  and  show  efficiencies; 
well  above  70  per  cent. 

Interesting  Repair  to  Elevator  Plunger 

An  interesting  mechanical  jt)l)  was  recently  done  on  the 
plunger  of  an  Otis  high-pressure  plunger  elevator,  in  the 
West  building  of  the  I'rudential  Insurance  Co..  Newark, 
X.  J.,  by  George  H.  Ward  &  Co.,  Brooklyn,  N.  Y. 

The  plunger  had  become  so  badly  worn  at  the  U<]\  ami 
the  need  for  increa.sed  car  travel  so  urgent,  that  a  new 
plunger  was  needed.  Because  of  the  expense  and  delay 
which  would  be  entailed  by  installing  a  new  one,  a  novel 
repair  to  the  old  one  was  decided  u]>on  instead.  This 
consisted  in  turning  off  the  worn  part  to  receive  a  lap 
which  would  renew  the  end  of  the  plunger  and  increase 
its  length,  as  shown  in  Fig.  2. 

To  get  below  the  worn  part  of  the  iilunger  and  (o  turn 
it  down  enough  in  length  to  receive  the  cap.  re<|uired  a 
])ortal)le  boring  bar  designed  especially  for  the  job.  The 
71/2-111.  plunger  was  turned  down  to  ()l/2  "••  f'""  "  distance 
of  .S  ft.  The  plunger  was  steel  and  was  turned  with  a 
V4-u\.  cut  at  a  feed  of  iV  in.  Before  turning  the  plunger 
and  installing  the  boring  bar,  the  car  cables  were  put  to 
one  side  of  the  .shaft.  The  boring  bar  is  shown  in  Fig.  1. 
The  frame  A  is  a  hollow  cylinder  fi.ft.  7  in.  long,  Iiored. 
and  with  the  inside  face  finished  (o  act  as  a  guide  for  the 
tool  holder  B.    The  split  base  clamp  C  was  bolted  to  the 
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frame  --1  vitli  its  other  eud  slipped  over  the  plunger  to 
hold  the  latter  while  it  was  being  turned.  The  upper  end 
of  the  frame  had  a  guide  cover  D,  which  served  to  guide 
the  spindle  E,  which,  in  turn,  drove  the  tool  holder 
through  the  worm  gear  F.    The  spindle  was  made  fast  to 


shown  at  11,  J ,  K  and  L.  These  bosses  were  staggered  so 
that  one  tool  started  a  cut  where  another  left  off. 

The  machine  was  motor  driven  and  also  hand  fed,  as 
the  conditions  did  not  warrant  the  extra  expense  of  power- 
feed  mechanism. 

Ward  &  Co.  have  done  other  interesting  work  on  hy- 
draulic elevators,  such  as  reboring  in  position  plunger 
cylinders  of  any  length  found  in  practice,  vrithout  in- 
terfering with  the  service  of  adjacent  elevator  units. 

Horton  Gas-Engine  Packing 

A  new  packing  for  large  gas  engines  has  been  designed 
to  eliminate  excessive  friction  and  wear  on  the  pi-ston  rod 
by  preventing  the  closing  of  the  collapsible  ring  under  ex- 
cessive pressure. 

As  shown  herewith,  the  packing  rings  proper,  C  and  D, 
are  in  contact  with  the  rod.  They  are  placed  in  grooves, 
the  walls  A  and  B  of  which  are  free  to  move  in  line  with 
the  rod  and  thus  bind  the  packing  rings  against  forcible 
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closing  at  the  time  of  the  highest  pressure  in  the  cylin- 
der. In  practice  it  is  found  that  this  side  clamping  of 
rings  does  not  affect  the  sealing  quality  of  the  packing, 
as  contact  with  the  rod  is  sufficient  to  prevent  the  pass- 
age of  gas,  but  yet  so  light  that  wear  cannot  be  detected 
on  the  rod.  All  rings  and  corresponding  parts  of  the 
packing  are  interchangeable. 

This  packing  was  designed  and  patented  by  James  Hor- 
ton. efficiency  engineer  of  the  Homestead  plant  of  the 
Carnegie  Steel  Co.,  and  is  made  by  the  Metallic  Packing 
&  Manufacturing  Co.,  Elyria,  Ohio. 


Portable  Boeing  Bae  foe  Turning  Down  Elevator 
Plungers  in  Position 

the  tool  holder  B  by  being  keyed  to  a  driver  plate  G, 
which  was  secured  to  the  tool  holder  by  %-in.  tap  bolts. 
The  bosses  through  which  the  four  tools  were  inserted  are 


The  John  Scott  legacy  medal  has  recently  been  awarded 
to  the  Kennicott  Co.  on  its  water  weigher  or  measuring: 
device.  This  medal  was  awarded  by  the  city  of  Philadel- 
phia upon  recommendation  of  the  Franklin  Institute  tor  the 
promotion  of  the  mechanic  arts.  The  Institute  made  a 
thorough  and  extended  investigation  as  to  the  merits  of 
the  device  and  this  award  was  made  "in  consideration  of 
its  novelty,  its  simplicity  of  design,  and  its  accuracy  as  a 
"tt^ater-measuring    device.'' 
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Electrolytic  Prevention  of  Boiler 
Corrosion 

At  the  sixty-eighth  onlniarv  meeting  of  the  Faraday 
Society,  Apr.  i,  1913,  Prof.  \V.'  W.  H.  Gee,  of  Manchester, 
delivered  a  lecture  on  the  subject  of  the  prevention  of 
corrosion  by  electrolytic  means.  The  corrosion  of  metals 
can  be  lessened  in  two  ways :  ( 1 )  By  connecting  the 
metal  to  be  protected  to  a  more  electropositive  metal,  so 
that  a  primary  cell  is  produced;  (2)  by  making  the  metal 
to  be  protected  the  cathode  in  an  electrolytic  cell  supplied 
by  external  electrolytic  pressure.  An  example  of  the  first 
is  the  suspension  of  zinc  plates  in  a  boiler ;  of  the  second 
an  iron  plate  suspended  in  a  boiler,  the  suspended  plate 
being  then  made  the  positive  pole,  and  the  boiler  the  nega- 
tive, by  means  of  a  generator.  Sir  Humphrey  Davy's 
ziuc-and-iron  protection  for  the  copper  sheathing  of  ships, 
and  the  patents  of  Harris  and  Anderson,  in  which  alumi- 
num alloys  are  used  for  the  prevention  of  the  corrosion 
of  boiler  tubes,  are  also  examples  of  class  (1). 

The  efficiency  of  the  cell  for  protection  will  depend  on 
the  current  density  of  the  cathode,  and  this  will  be  con- 
trolled by  the  resistance  of  the  cell  and  the  effective  volt- 
age. In  the  use  of  zinc  in  boilers  a  knowledge  of  the 
e]ectrol}'tic  resistance  of  the  boiler  waters  and  the  ef- 
fective voltage  from  300  to  400  deg.  F.  is  desirable.  For 
this  information  there  is  great  need  of  experimental  data. 
The  amount  of  zinc  used  in  some  marine  boilers  amounts 
to  400  to  600  lb.  per  annum,  and  the  current  may  be  17 
to  25  amp.  It  is  clear  that  using  currents  of  this  size, 
it  is  cheaper  to  generate  the  electric  current  by  mechani- 
cal means  (generator)  than  by  cheniical  means  (zinc 
plates). 

The  use  of  an  external  source  of  power  ami  iron 
cathodes  (certain  modifications  of  which  are  covered  by 
patent)  not  only  prevents  corrosion,  but  is  said  also  to 
remove  and  to  prevent  boiler  scale.  Experiments  carried 
on  in  the  Manchester  School  of  Technology  have  shown 
that  the  current  densities  necessary  to  prevent  the  corro- 
sion of  iron,  copper  and  similar  metals  by  fresh  and  salt 
water  are  of  low  value,  and  hence  the  cost  of  the  electric 
energy  required  is  a  small  matter.  The  chief  cost  will 
be  the  renewal  of  electrodes.  Harris  and  Anderson  have 
also  applied  electric  currents  to  the  prevention  of  corro- 
sion in  condcn.«ers.  They  find  a  condenser  with  a  cooling 
surface  of  1025  sq.ft.  requires  only  2  amp.  at  2  volts 
pressing'  while  the  anodes  cost  £-^4  ($15.80)  per  1000 
sq.ft.  of  condenser  surface  per  annum.  Electric  currents 
may  also  be  used  in  chemical  works  to  prevent  the  cor- 
rosion of  metallic  screens  and  vessels  by  acid  liquids. 

[On  the  basis  of  power  at  0.6c.  per  kw.-hr.,  the  current 
for  condenser  protection  would  cost  only  21.02c.  per  year. 
That  such  an  amount  of  current  wou!cl  u.«e  up  almost 
$16  worth  of  electrodes  seems  absurd,  hut  :hcsc  are  the 
figures  given  by  Mr.  Gee.  There  must  be  a  tremendous 
amount  of  Iwal  action  in  the  anodes  he  reported  on. — 

KllITOK.] 

To  Avoid    Cylinder  Condensation 

When  the  steam  enters  tlu-  cylinder  of  an  engine  it 
conies  into  contact  with  walls  and  surfaces  which  have 
just  been  ex|)osed  to  the  comparatively  cool  exhaust  steaui, 
and  chilled  by  the  evaporation  of  the  water  which  was 


deposited  upon  them.  The  incoming  steam  condenses 
upon  the  surfaces  with  the  result  that,  in  an  ordinary 
unjacketed  engine  with  a  ratio  of  expansion  of  four  or 
five,  there  is  about  20  per  cent,  by  weight  of  water  ni 
the  cylinder  contents  at  the  point  of  cutolf.  Some  of  this 
water  is  reevaporated  during  the  expansion  stroke  as  the 
pressure  lowers,  but  most  of  it  is  reevaporated  after  the 
exhaust  valve  opens,  the  reevaporation  being  done  at  the 
expense  of  heat  taken  from  the  cylinder  walls,  which 
cools  them  for  the  next  incoming  charge. 

H.  Bollinckx,  the  well  known  Belgian  engine  builder, 
suggests  the  forming  of  a  small  pocket  in  the  clearance 
of  the  cylinder,  as  shown  in  the  accompanying  sketch, 
into  which  this  water  may  drain,  and  from  which  it  may 
be  blown  out  through  the  small  hole  shown. 

In  a  20x32-in.  cylinder,  cutting  off  at  V-i  stroke,  there 
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Pocket  to  Exxii.vr  Cylixdei;  C'oxuexsatiox 

would  lie,  with  20  per  cent,  initial  condensation,  about 
3  cu.in.  of  water  in  the  cylinder  at  the  point  of  cutoff. 
It  is  not  improbable  that  a  considerable  quantity  of  this 
would  find  its  way  into  the  little  well  during  the  period 
of  admission  and  expansion,  and  would  have  escaped  by 
the  time  the  exhaust  valve  opened,  so  that  it  would  not 
chill  the  surfaces  by  its  reevaporation.  Engineers  have 
a  propensity  to  run  with  the  drip  valves  cracked  a  bit 
open.  Perhaps  their  observation  has  suggested  a  possible 
advantage  in  this  direction. 

Xo  patent  has  been  taken  out  on  the  idea  and  anyone 
desiring  to  make  use  of  it  is  at  libertv  to  do  so. 


Large   English    Condensing   Plant 

Another  large  surface-condensing  plant,  duplicating 
one  already  installed,  has  been  ordered  for  the  Leeds  Cor- 
poration Electricity  Works.  Leeds,  p]ngland,  from  the 
Mirrlees  Watson  Co.,  Ltd..  Glasgow.  Scotland.  The  plant 
will  be  capable  of  handling  130,000  lb.  of  steam  per  hour, 
and  will  be  connected  to  a  turbo-alternator,  which  will  be 
built  by  Willans  &  HobiuMin.  Kugby.  England.  The  con- 
denser is  of  a  very  special  design  on  account  of  the  dirty 
water  obtained  for  condensing  ])ur))oses  from  the  river 
•Vire.  This  water  contains  a  large  amount  of  woolen  ma- 
terial, which,  along  with  mud.  soon  clogs  u))  the  ordinary 
type  of  conden.ser.  The  condenser  is  designed  so  that  all 
the  tid)es  can  be  cleaned  otit  while  the  plant  is  in  oiiera- 
tion.  The  flow  of  the  cooling  water  can  be  reversed  with- 
out interfering  with  the  running  of  the  ])lant.  The  con- 
denser is  of  the  vertical  ty])e  and  has  24.800  sq.ft.  of 
(ooling  surface.  Its  total  height  is  28  ft.  and  weight  85 
tons. 
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Care  and  Operation  of  Commutators* 

By  H.  S.  I'AGEt 

The  successful  and  ecooomical  operation  of  a  direct- 
current  plant  is  largely  dependent  upon  the  proper  main- 
tenance of  commutators  and  brushes.  Numerous  improve- 
ments in  the  design  of  direct-current  apparatus  are  con- 
stantlj^  leading  to  higher  speeds  and  to  greater  ca- 
pacity of  units.  This,  in  turn,  necessitates  not  only  bet- 
ter commutators,  brushes  and  brush  rigging,  but  a  more 
definite  understanding,  ou  the  part  of  operating  engineers. 


Fig.  1.  Akcii-Bouxd  Typi;  of  Commutator 

with  regard  to  the  proper  care  to  be  exercised  in  order 
to  minimize  the  maintenance  expense. 

The  primary  requirement  in  the  construction  of  a  com- 
mutator is  that  the  mica  and  copper  segments  shall  be 
held  firmly  in  a  compact  arch  and  be  so  supported  that 
there  is  a  minimiim  tendency  toward  distortion,  resulting 
from  centrifugal  stresses  or  from  alternate  heating  and 
cooling.  This  is  accomplished  generally  by  two  methods : 
In  the  first  (Fig.  1 ),  the  segments  are  built  up  in  a  cylin- 
drical arch  and  are  held  in  place  by  two  wedge-shaped 
clamping  rings,  secured  by  bolts  and  supported  on  a  shell 
or  spider.  Such  a  commutator  has  an  actual  clearance 
between  the  shell  and  segments  and  is  known  as  the  arch- 
bound  tj^pe. 

In  the  second  (Fig;  2),  the  segments  are  held  in  place 
by  clamping  rings  bolted  together,  and  are  also  seated 
on  the  body  of  the  shell.  This  is  known  as  the  body- 
bound  tj'pe. 

A  few  commutators,  designed  for  exceptionally  high 
speeds,  are  held  together  entirely  by  strings  of  high-grade 
steel,  shrunk  upon  the  outside  at  a  tension  greatly  in  ex- 
cess of  the  centrifugal  stresses  encountered  at  maximum 
speed. 

It  has  been  a  common  practice,  especially  on  new  com- 
mutators of  the  arch-bound  and  body-bound  types,  to 
tighten  the  bolts  at  the  least  indication  of  surface  rough- 
ening. The  necessity  of  tightening  the  clamping-ring 
bolts  has  been  due  to  the  whole  structure  loosening  during 
the  so  called  process  of  "seasoning."  Commutators  of  re- 
cent manufacture,  however,  having  an  improved  grade 
of  mica,  together  with  better  proportioned  rings   and 


holts,  require  little  or  no  tightening;  in  fact,  such  a  prac- 
tice may  be  very  detrimental  as  the  clamping  ring  may 
be  drawn  out  of  shape  or  dished,  and  the  copper  seg- 
ments forced  out  of  position.  This  action  will  not  take 
place  imiformly  around  the  periphery  and  the  commu- 
tator will  accordingly  have  displaced  bars  and  show  all 
the  indications  of  being  loose. 

Too  much  importance  cannot  be  placed  upon  the  proper 
staggering  of  brushes  in  order  to. minimize,  as  far  as  pos- 
sible, the  wearing  of  grooves  in  commutators.  With  a 
generator,  in  addition  to  wear  resulting  from  mechanical 
abrasion,  there  is  an  electrolytic  disintegration  of  the 
copper  segments  passing  under  the  positive  brushes,  and 
of  the  negative  brushes  delivering  current  to  the  com- 
mutator. Hence,  copjjer  wears  away  more  rapidly  under 
the  positive  brushes  than  under  the  negative. 

The  proper  brush  position  must  be  considered  for  each 
individual  machine  and  it  is  the  practice  of  manufac- 
turers to  either  locate  the  correct  running  position  perma- 
nently or  where  this  is  not  practical,  to  furnish  instruc- 
tions covering  the  proper  setting  of  the  brushes.  Brush 
position  not  only  affects  commutation,  but  is  a  factor  in 
determining  the  voltage  or  speed  characteristics.  How- 
ever, the  brushes  should  be  set  for  best  commutation  and 


Fig,  2.  Body-Bound  Type  of  Commutator 

any  adjustment  for  voltage  or  other  characteristics  ob- 
tained by  other  means.  The  brushes  of  noncommutating- 
pole  machines  are  generally  given  a  definite  "lead"  from 
the  neutral  position,  whereas  those  on  commutating-pole 
machines  are  run  on  the  neutral  point. 

During  the  past  few  years  great  strides  have  been  made 
toward  producing  special  grades  of  brushes  for  various 
conditions  of  .service.  It  is  impossible  to  make  fixed  rules 
governing  the  selection  of  brushes  best  suited  for  all  cases, 
but  a  few  comments  regarding  the  characteristics  of  vari- 
ous gradis  of  brushes,  with  some  of  their  principal  ap- 
plications, may  be  of  assistance  to  operators. 

Compared  with  carbon,  graphite  brushes  have  a  higher 
coefficient  of  friction,  lower  contact  resistance,  higher  cur- 
rent capacity,  less  tendency  to  chatter,  greater  lubricat- 
ing properties  and  ability  to  give  better  commutator 
polish.  On  account  of  their  low  contact  resistance,  graph- 
ite bru.shes  can  be  used  on  very  few  high-voltage  machines 
(.500  volts  and  over)  without  producing  sparking,  while 
on  nearly  all  low-voltage  apparatus  they  usually  give  ex- 
cellent results.    It  should  be  noted  that  graphite  brushes 
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liavi'  very  little  abrasive  material  iu  their  composition, 
lieiiee  they  will  not  wear  the  iniea  rapidly  enough  to  keep 
it  even  with  the  surface  of  the  copper.  For  this  reason 
it  is  common  to  slot  the  side  mica  to  a  depth  of  g*j  in.  to 
35  in.  below  the  surface,  wherever  graphite  brushes  are 
used.  As  an  alternative,  some  dry-carbon  brushes  may  be 
used  to  keep  the  mica  worn  down,  the  remaining  graphite 
brushes  acting  as  lubricators.  Successful  results  have 
also  been  obtained  by  using  graphite  brushes  with  a  small 
percentage  of  abrasive  material  in  their  composition, 
which  serves  to  wear  the  mica  more  uniformly  with  the 
wear  of  the  copper. 

A  given  grade  of  l)rusli  will  give  the  liest  results  only 
when  fitted  in  a  properly  designed  brush-holder  and  it 
should  be  borne  in  mind  that  no  brush-holder  suitable 
for  universal  application  has  yet  been  made.  The  ques- 
tion of  brush-holders  is  important  as  it  is  necessary  to 
provide  for  free  radial  movement  and  at  the  same  time  ar- 
range the  brush  supports  so  that  there  is  a  minimum  ten- 
dency to  bind  or  chatter.  Frequently,  a  change  from  car- 
bon to  graphite  brushes  necessitates  new  brush-holders 
so  arranged  that  the  brushes  will  ride  at  a  different  angle 
and  have  an  entirely  different  scheme  of  applying  the 
pressure. 

Alachines  fitted  with  graphite  brushes  have  been  known 
to  develop  severe  sparking  after  operating  for  some  time 
with  excellent  commutation.  In  such  cases,  investigation 
usually  shows  that  as  a  result  of  the  commutator  polish 
gradually  improving,  the  brush  friction  is  reduced  with 
a  consequent  change  in  the  position  which  the  brushes 
take  in  the  holders.  This  in  turn  results  in  a  tendency 
of  the  brush  to  ride  on  either  its  heel  or  toe,  raising  the 
opposite  edge  a  very  small  amount  away  from  the  com- 
mutator; a  short  arc  is  set  up  under  that  portion  of  the 
brush,  which  is  raised  slightly  from  the  commutator,  and 
the  heated  particles  are  thrown  out  in  the  form  of  long 
yellow  sparks.  An  increased  brush  pressure  will  fre- 
quently cure  such  trouble. 

Cleanliness  is  always  essential  to  best  operating  condi- 
tions, but.  in  cases  where  the  atmosphere  is  filled  with 
foreign  substances  which  it  is  impossible  to  eliminate,  the 
nature  of  the  substance  must  be  considered,  and  such 
treatment  a])plied  as  will  minimize  its  detrimental  effects. 
For  example,  the  same  brush  equipment  or  treatment 
might  not  be  applicable  to  two  du])licate  machines,  cue 
installed  in  comparatively  clean  surroundings,  such  as  the 
average  railway  substation,  ami  the  otlier  at  a  coal  mine 
or  cement  mill,  where  the  air  is  (illcd  with  foreign  7natter. 
Fn  the  one  ca.se,  brushes  with  slight  lubrication  would 
l)robably  give  the  best  results,  while  in  the  other,  the  use  of 
any  lubricant  would  have  a  tendemy  to  collect  tlu'  dust, 
and,  in  the  event  of  such  foreign  matter  being  of  a  ion- 
ducting  or  abrasive  nature,  poor  commutation  and  de- 
struction of  both  brush  and  commutator  surfaces  would 
undoubtedly  follow.  Under  the  latter  londition  dry-car- 
bon brushes  would  probably  be  satisfactory  if  the  ma- 
chine were  of  a  slow-speed  type,  but  if  operated  at  high 
s]ieed,  chattering  might  result,  and  about  the  only  al- 
tirnative  would  be  the  use  of  .some  form  of  grapliite 
lirushes,  if  cominiitation  permits. 

Successful  methods  of  keeping  machines  clean  may  be 
outlined  a.s  follows:  Tn  a  fairly  clean  station,  with  ma- 
chines using  carbon  brushes,  unless  proper  care  is  ex- 
crci.sed  an  accumulation  of  foreign  matter  may  appear  on 
the  commutator  surface.    This  can  bo  prevented  by  lubri- 


cating sparingly  with  a  good  grade  of  light  engine  oil  aiul 
wiping  off  with  a  clean  cloth.  In  steel  mills,  mines,  etc., 
where  the  atmosphere  may  be  full  of  conducting  grit  and 
the  machines  have  graphite  brushes,  the  commutators 
should  be  wiped  frequently  with  a  dry  cloth  and  any  ac- 
cumulation of  dirt  removed  from  the  brush  rigging,  as 
this  is  likely  to  fall  on  the  commutators  and  be  ground 
into  the  brushes.  In  such  plant.s,  screens  should  be  placed 
so  as  to  protect  the  apparatus  from  drafts  and  soot-laden 
air.  For  wiping  commutators,  such  material  as  heavy 
canvas  should  be  used,  as  the  lint  from  waste  or  cheese 
cloth  catches  rmder  the  brushes  and  causes  trouble. 

Whenever  brushes  are  replaced,  the  new  ones  should 
be  carefully  fitted  to  the  commutator  with  sandpaper.  To 
fit  a  set  of  brushes,  the  sandpaper  should  always  be  drawn 
in  one  direction,  preferably  the  direction  of  rotation. 

When  the  brushes  wear  down,  sometimes  the  copjrier 
plating  comes  in  contact  with  the  commutator,  causing 
burning.  A  new  set  should  always  be  examined  and  any 
excess  plating  which  may  cover  the  wearing  length  should 
be  removed.  The  purpose  of  the  plating  is  to  give  better 
contact  between  the  carbon  and  the  pigtail  terminal  and 
to  permit  of  a  scldered  connection,  but  it  frequently  ex- 
tends too  far  toward  the  contact  surface  of  the  brush. 

Brush  pressure  should  be  studied  by  the  operating  en- 
gineer to  determine  the  degree  which  will  give  minimuu! 
friction  and  at  the  same  time  be  sufficient  to  permit  the 
brushes  to  ride  properly  on  the  commutator.  Too  high 
a  pressure  will  result  in  excessive  heating  and  sometimes 
causes  the  brushes  to  bind  in  the  holders.  Too  little  pres- 
sure will  permit  the  brushes  to  change  their  position  iu 
the  holders  and  chatter,  thus  causing  sparking. 

Oil  is  detrimental  to  mica  and  its  accumulation  on  any 
part  of  the  commutator  should  not  be  tolerated. 

Xumerous  methods  have  been  devised  for  truing  com- 
mutators which  have  becon)e  badly  grooved,  rough  oir  ec- 
centric, and  brief  comments  will  be  made  on  those  most 
frequently  employed. 

TuuNiNG  Tool 

This  consists  of  a  simple  tool  post,  for  holding  the  cut- 
ting tool,  mounted  on  suitable  ways  and  fitted  with  a 
cross-feed  screw.  The  tool  mu.st  be  mounted  very  rigidly 
to  prevent  chattering  and  a  cutting  speed  of  about  550 
ft.  per  min.  has  been  found  best.  Unless  such  a  tocl  is 
operated  by  an  expert,  too  much  of  the  surface  of  the 
commutator  may  be  turned  off.  Another  objectionable 
feature  is  that  there  arc  but  ivw  ((unmutators  whose  nor- 
mal peri])heral  s])eed  is  as  low  as  the  tool-cutting  sjx'cd 
required,  and,  therefore,  the  others  will  not  have  the  same 
throw  as  will  occur  when  under  service  conditions.  Oc- 
casionally, a  commutator  is  ground  with  a  stone  clamped 
in  the  tool  jmst,  but  such  a  nu'thod  is  very  slow  and  the 
tool  is  seldom  suHicicntlv  rigid  to  entirely  vcnu)ve  "flats." 

SaM)I".\I'KI!IN(I    P>l.<)rK 

This  is  a  simple  device  consisting  of  sandpajjcr  held  iu 
a  wooden  block,  having  ajiproximately  the  same  curvature 
as  the  commutator,  ami  ai>])lied  by  hand  or  by  nu-ans  of 
a  lever  using  the  machine  base  as  a  fulcrum.  Such  a  de- 
vice is  liable  to  aggravate  flats  and  removes  nearly  as 
much  material  from  between  ridges  as  from  their  tops. 
OiiTN-nrxii  Tom. 

The  grinding  is  accom])lislK'd  by  an  excellent  device, 
consisting  of  a  rotating  grinding  wheel,  so  arranged  that 
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it  cau  be  fed  back  aud  t'ortb  by  nieaus  of  a  lead  screw. 
The  griuder  must  be  rigidly  supported  to  prevent  vibra- 
tioD.  The  advantages  of  such  a  tool  are  that  the  miuimum 
copper  is  removed,  a  perfect  cylindrical  surface  is  ob- 
tained, and  the  work  may  be  done  with  the  machine  at 
full  speed,  where  the  commutator  will  have  its  normal 
"thro'n-"  or  "swing,"  and  will  take  its  actual  running  posi- 
tion in  the  bearings.  In  cases  of  emergency,  commu- 
tators have  been  ground  with  the  machines  actually  op- 
erating on  the  line.  The  success  of  such  a  tool  depends 
upon  its  being  rigidly  supported  and  having  closely  fit- 
ting bearings,"  so  that  there  is  no  vibration  of  the  grind- 
ing wlieel.  The  latter  must  be  of  such  composition  as 
will  not  wear  away  too  rapidly  or  clog  with  copper. 

Whenever  any  truing  device  is  being  used,  all  windings 
should  be  protected  from  copper  dust,  aud  the  brushes 
should  be  raised  to  prevent  their  being  coated  with  cop- 
per on  the  contact  surfaces.  Such  protection  is  further 
assured  by  the  use  of  a  grinding  tool  provided  with  a 
wheel  shroud  and  exhauster  with  bag  attachment  for  col- 
lecting the  dust. 

A  light  application  of  fine  sandpaper  held  in  the  hand 
will  give  a  much  improved  surface  after  turning  or 
grinding.  Before  bringing  the  machine  up  to  voltage  the 
segment  insulation  must  be  gone  over  carefully  aud  any 
evidence  of  copper  bridges  from  bar  to  bar  removed. 
Slotted  commutators  should  have  the  slots  cleaned  out 
with  a  hacksaw  blade  and  the  edges  slightly  beveled  or 
rounded.  The  machine  should  then  be  blown  out  and  all 
accessible  parts  cleaned  thoroughly,  followed  by  a  final 
wiping  of  the  holders  and  brushes,  before  being  put  in 
service. 

In  the  long  run,  close  attention  to  everyday  duties 
counts  more  than  anj^hing  else  toward  keeping  the  elec- 
trical apparatus  of  a  plant  in  prime  condition.  If  the 
brushes  chatter  and  spark  it  is  probably  due  to  high  mica, 
rough  commutator  or  incorrect  angle  of  the  brushes.  When 
commutators  are  true  and  smooth,  but  show  black  bars, 
this  is  an  indication  of  j^oorly  soldered  joints  in  the  arma- 
ture winding  or  equalizer  connections,  or  possibly  an  in- 
sufficient number  of  equalizer  rings. 
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Recharging  Dry  Batteries 

In  answer  to  Mr.  King's  letter  in  the  Apr.  8  issue, 
stating  that  his  dry  batteries  did  not  respond  to  the 
treatment  prescribed  by  Mr.  McGerry,  I  think  the  latter 
is  mistaken  in  claiming  that  dry  batteries  can  be  re- 
charged with  current  from  an  outside  source.  He  says 
to  melt  a  hole  in  the  wax  and  let  them  be  submerged  in 
water  for  a  few  minutes  then  seal  them  up  again  before 
charging.  The  result  which  he  gets  is  not  due  to  the 
charging  process  described,  but  is  due  wholly  to  letting 
them  stand  in  water.  If  he  will  take  an  old  battery  and 
dissect  it,  he  will  find  next  to  the  zinc  that  there  are  sev- 
eral layers  of  blotting  paper,  then  the  contents  of  the 
batter}-,  which  is  composed  of  some  absorbent  material, 
such  as  carbon,  manganese  dioxide  or  graphite,  with  the 
carbon  rod  in  the  center.  This  has  the  binding  post  at- 
tached when  the  batteries  are  assembled.  The  mixture 
u.sed   for   filling   is   thoroughly   saturated   with    sal    am- 


moniac or  other  chemicals,  after  which  the  zinc  tube  is 
sealed  with  pitch  or  wax. 

The  battery  loses  its  strengtli,  due  to  the  gradual  dry- 
ing out  of  the  solution  used  to  moisten  the  contents,  aud 
can  sometimes  be  revived  by  melting  the  wax  and  saturat- 
ing the  contents  with  water,  sal  ammoniac  or  salt  water, 
then  reseaiing.  Provided  the  zinc  is  not  corroded  too 
badly  the  batteries  will  last  some  time  and  show  very 
good  results. 

Another  way  is  to  take  off  the  pasteboard  cover  and 
puncture  the  zinc  with  six  or  eight  holes  then  set  the 
battery  in  a  can  of  water  and  let  it  remain  there  for 
door-bell  or  telephone  service,  care  being  taken  to  keep 
the  cans  full  of  water  and  see  that  they  do  not  touch. 

Leox  L.  Pollaed. 

Fairfield,  ilaiue. 


Oil  Throwing 


When  out  on  trouble  work  some  tune  ago  I  came  across 
two  unusual  cases  of  oil  throwing  which  nuiy  lie  of  in- 
terest to  readers  of  Power. 

The  first  occurred  in  connection  witli  a  500-k\v.  direct- 
current  traction  generator  which  was  coupled  direct  to  a 
high-speed,  vertical,  triple-expansion  engine  running  at 
150  lb.  pressure  and  high  superheat  with  the  usual  pres- 
sure-lubricating system. 

Oil  was  found  to  accumulate  at  the  back  of  the  com- 
mutator and  when  the  set  was  running  this  oil  was  thrown 
about.  It  was  easily  proved  that  the  oil  did  not  come 
from  the  dynamo  bearing  and  a  flywheel  between  the  en- 
gine and  the  dynamo  prechidcd  any  possibility  of  oil  com- 
ing from  that  source. 

The  trouble  was  finally  traced  to  the  stuffing-box  on  the 
high-pressure  cylinder.  A  certain  amount  of  oil  leaked 
through  here  and  this  became  vaporized  and  was  carried 
by  the  draft  through  the  armature  spider  and  condensed 
on  the  comparatively  cool  surfaces  behind  the  commutator. 
A  small  amount  of  steam  and  water  also  leaked  througb 
from  the  high-pressure  cylinder  and  this  became  mixed 
with  the  oil  and  thus  helped  in  the  condensation.  The 
trouble  was  overcome  by  completely  inclosing  the  piston 
rod  with  sheet  metal. 

The  other  trouble  occurred  on  the  middle  beariug  of 
a  500-kw.  motor-generator  set. 

The  oil  in  this  case  leaked  out  of  the  ends  of  the  bear- 
ing just  as  if  it  were  overfilled  aud  the  drops  were  car- 
ried by  windage  onto  the  stator  windings  of  the  motor. 
It  was  again  proved  that  the  oil  was  not  creeping  along 
the  shaft.  Various  kinds  of  oil  were  tried  without  less- 
ening the  trouble,  which  was  eventually  found  to  t)e 
caused  by  the  oil  ring  throwing  oil  onto  the  inside  of  the 
bearing  cap,  whence  it  ran  down  to  the  joint  between  the 
top  and  bottom  halves  of  the  bearing  shell  and  was  then 
carried  along  the  joint  by  a  kind  of  pumping  action  due 
to  vibration. 

It  was  not  found  possible  to  eliminate  all  of  the  vibra- 
tion and  the  remedy  applied  was  the  fitting  of  a  sheet- 
metal  lining  to  the  inside  of  the  bearing  cap  aud  ex- 
tending this  to  overlap  the  joint  to  prevent  the  oil  reach- 
ing it. 

The  remedy  is  simple  and  quite  effective.  I  have  since 
seen  it  applied  in  several  instances  where  all  attempts  at 
imnroving  the  lining  up  of  machines  had  failed. 

Schenectady,  X.  Y.  X.  :M.  Hill. 
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Gas-Engine  Sounds 

By  a.  L.  Bukxxax.  Jk. 

Practically  all  coutingeucies  which  arise  during  the 
operation  of  a  gas  engine  are  manifest  in  one  way  or 
another  by  some  form  of  sound,  and  if  one  will  pay  strict 
attention  to  these  noises  and  note  their  indications  ho 
will  become  conversant  with  an  internal-combustion  motor 
in  a  way  that  will  prove  of  great  benefit.  Gas-engine 
sounds  can  be  divided  into  two  general  groups,  as  follows : 

Group  1.  The  sounds  produced  by  the  normal  opera- 
tion of  the  motor ;  these  include  the  roar  at  carburetor, 
the  click  of  valves,  roar  of  gears  and  other  rhythmic 
sounds,  which  are  easily  recognized. 

Group  2.  Unusual  noises,  which  are  in  many  cases 
symptons  of  trouble,  may  be  subdivided  into  five  parts : 

1.  Knocking — mechanical   or   functional. 

2.  Pounding — mechanical. 

3.  Squeaking — lack  of  efficient  lubrication. 

4.  Hissing  or  puffing — gas  under  pressure  escaping. 

5.  Numerous  irregular  puffs  and  pops. 

Knocking  is  invariably  produced  within  the  cylinder 
and  aci|uires  the  form  of  a  regular  and  continuous  tap- 
|)ing  which  is  quite  distinct  and  easily  recognized  as  not 
1  icing  a  sound  generated  by  normal  operation.  Experi- 
ence in  operating  gas  engines  will  be  of  great  help  in  de- 
termining this  special  sound,  but  not  altogether  neces- 
sary as  it  is  one  of  the  easiest  to  recognize. 

Functional  knocking  can  be  attributed  to  a  faulty  mix- 
ture, early  ignition  or  preignition  from  incandescent  car- 
bon de]iosits.  If  due  to  a  faulty  mixture,  this  will  in- 
variably be  found  too  rich,  and  when  ignited  it  burns 
either  too  quickly  or  too  slowly,  usually  the  latter.  In 
some  cases  this  form  of  knocking  results  from  allowing 
the  engine  too  much  gas  of  a  correctly  ])roportioiicd  mix- 
ture, thus  interfering  with  ready  combustion  and  jiartly 
])n'vcnting  the  cylinders  from  clearing  themselves  of  the 
burnt  gas;  this  is  commonly  referred  to  as  "choking  up," 

When  the  spark  is  responsible  for  knocking,  it  is  in- 
.•ariably  because  of  too  early  ignition,  the  explosion  tak- 
ing place  before  the  compression  stroke  is  completed,  thus 
n  heavy  rapid  force  is  exerted  on  the  piston  before  dead 
center  has  been  passed.  Incandescent  carbon  deposits 
often  bring  about  a  similar  occurrence  by  igniting  the 
fresh  gas  as  it  is  undergoing  compression;  the  symptoms 
in  this  case  are  almost  identical  with  those  of  the  former. 
Hence,  if  a  knock  becomes  ap])arent  within  the  cylinder, 
the  trouble  usually  may  be  remedied  by  retarding  the 
spark,  reducing  the  amount  of  gas  allowed  the  engine  or 
making  the  mixture  leaner.  In  regard  to  over-rich  mix- 
tures there  are  several  symptoms.  a])arf  from  knocking, 
which  indicate  this  condition,  namely,  the  engine  firing 
regularly  but  weak,  and  other  pyinptums  which  will  be 
learned  with  slight  experience. 

If,  on  retarding  the  spark,  changing  the  quality  of  the 
mixture  and  the  amount  thereof,  the  knocking  docs  not 
aiinte.  it    is  evidently  due  to  carlmn  dei)0sits.  Sometimes 


carbon  deposits  have  no  effect  on  a  motor  at  normal 
speed,  but  when  operating  at  high  speeds,  which  tends 
toward  overheating,  especially  in  cases  where  considerable 
gas  is  allowed  and  the  spark  is  retarded,  the  carbon  de- 
posits will  become  incandescent  and  preignition  will  re- 
sult. 

The  knocking  attributed  to  the  foregoing  causes  is 
in  some  instances  so  severe  that  they  resemble  a  heavy 
pound,  bui  varying  to  a  considerable  extent,  according 
to  the  type  of  motor ;  in  small  high-speed  engines  the 
sound  is  slightly  sharper  and  more  distinct  than  in  heavy 
slow-speed  motors. 

Other  knocks  peculiar  to  the  cylinder  can  be  attributed 
to  loose  or  worn  bearings,  or  to  any  parts  of  the  piston, 
rings,  wristpin,  connecting-rod,  or  cylinder  having  me- 
chanical lag  or  play.  Except  in  extreme  cases,  however, 
knocking  produced  by  any  of  these  causes  will  not  be  so 
severe  as  that  previously  mentioned.  To  an  inexperienced 
operator,  knocks  which  are  not  directly  allied  to  the  cyl- 
inder will  seem  to  originate  at  that  point.  Troubles  of 
this  order  can  be  traced  by  placing  one  end  of  a  hammer 
or  other  tool  against  the  motor  and  resting  an  ear  on 
the  other  end. 

Loose  or  badly  worn  crankshaft  bearings  will  cause 
heavy  pounding. 

Squeaking  is  more  often  a  sign  of  inefficient  lubrication 
than  insufiicieut  lubrication,  as  is  generally  supposed.  If 
neglected  it  will  eventually  lead  to  overheating,  rapid 
wear  and  probably  knocking. 

Hissing  and  puffing  sounds  which  in  some  cases  re- 
semble wheezing  often  may  be  traced  to  a  faulty  piston 
or  to  a  cylinder  worn  oval.  Poor  lubrication  in  the  cyl- 
inder will  bring  about  rapid  wear  of  the  rubbing  surfaces 
resulting  in  this  condition,  which  indicates  the  loss  of  gas 
while  under  com])ression  and  during  the  ])ower  stroke. 
This,  of  course,  diminishes  the  efficiency  of  the  motor. 
Any  misalignment  of  the  jiiston  pin,  connecting-rod  or 
crank  throw  will  induce  this  kind  of  wear  in  the  cylin- 
ders. 

Other  hissing  sounds  can  be  traced  to  faulty  gaskets, 
loose  spark  plugs  or  igniters,  inlet  or  exhaust  valves  not 
seating  properly,  loose  exhaust  manifold  or  unions  on  the 
exhaust  pipe.  -These  are  not  all  the  unusual  sounds  and 
their  indications  found  in  a  gas  engine,  but  are  sufficient 
to  hel])  the  average  o])erator  in  speedily  locating  trouble. 

Having  considered  sounds  in  a  general  way,  means  of 
preventing  these  troubles  will  now  be  taken  up.  In 
many  instances  the  cause  for  a  mechanical  knock  is  the 
same  as  that  which  ])roduces  a  functidiial  knock,  namely, 
faulty  lubrication,  by  allowing  wear  in  the  first  l)lace,  and 
carbdii  deposits  in  the  second.  The  prevention  is  to  use 
suitable  qnanfifies  of  cylinder  oil  of  good  quality,  high 
flash  i)oiiit  and  proper  viscosity.  It  must  be  born  in  mind 
that  this  condition  is  only  approximated,  that  is,  no  mat- 
ter how  careful  an  operator  is  in  maintaining  a  correctly 
])ro])ortioiie(l  mixture  in  coiiiiinclion  with  well  resulated 
lubrication,  carbon   (lc|iosils  will   be  constnntly   forming. 
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but  thej'  will  be  so  slight  as  to  prove  in  no  way  detri- 
mental. 

On  some  motors  the  oil  supplied  for  lubrication  be- 
tween the  cylinder  walls  and  piston  is  also  called  upon 
to  lubricate  the  vr'^^tpiu.  Therefore,  an  oil  that  does 
not  undergo  much  change  when  subjected  to  the  high 
temperatures  of  the  cylinder  must  be  used.  Oil  that  is 
easily  burned  or  which  gums  up  will  not  perform  this 
function  well  and  it  will  be  but  a  comparatively  short 
time  when  the  piston  rings  will  become  so  gummed  up 
as  to  render  the  lubrication  of  the  wristpin  inadequate, 
resulting  in  wear  and  finally  a  knock,  which  will  rapidly 
grow  worse. 

Motors  employing  the  splash-feed  system  of  lubrica- 
tion are  prone  to  carbon  deposits,  due  to  excess  oil  being 
thrown  up  at  times;  this,  in  turn,  is  usually  traceable  to 
an  over  supply  in  the  crank  case.  This  is  easily  avoided 
by  adding  small  amounts  of  oil  to  the  crank-case  supply 
at  frequent  intervals  instead  of  greater  amounts  at  longer 
intervals. 

Excessive  lubrication  of  good  oil  is  qiiite  as  harmful  in 
the  long  run  as  poorer  oils  fed  in  about  the  correct  propor- 
tions. Viscosity  has  a  great  deal  to  do  with  proper  oil- 
ing or,  in  lubricating  other  parts,  with  various  mediums, 
such  as  hard  grease,  graphite,  etc.  Therefore,  although 
an  oil  might  have  a  high  flash  point,  it  may  still  be  un- 
suitable for  cylinder  lubrication. 

Any  mechanical  features  which  show  signs  of  looseness 
should  receive  prompt  attention.  By  looking  after  troubles 
of  this  nature  at  once  little  difficulty  will  be  experienced 
in  maintaining  efficient  operation. 

Obviously,  mechanical  depreciation  of  a  mechanism 
canuot  be  altogether  overcome.  This  holds  true  especial- 
ly of  internal-combustion  engines,  due  to  the  fact  that 
they  operate  under  variable  conditions,  which,  in  some 
cases,  are  very  exacting.  It  is  well  to  remerhber,  however, 
that  a  gas  engine  will  generally  give  warning  of  approach- 
ing trouble  in  time  to  prevent  any  particular  harm. 

Utilizing  Initial  Gas  Pressure 

A  somewhat  novel  method  of  power  generation  is  em- 
ployed at  the  Wilsonburg,  W.  Va.,  plant  of  the  Union  Gas 
&  Carbon  Co.,  manufacturer  of  carbon  black.  This  prod- 
uct is  the  hydrocarbon  extracted  from  the  flame  of  natural 
gas  by  impinging  it  on  a  smooth  surface  and  then  remov- 
ing the  deposit  by  means  of  steel  scrapers.  The  carbon 
black  is  used  extensively  in  the  manufacture  of  print- 
ing ink  and  paints. 

The  natural  gas  is  supplied  from  a  well  3000  ft.  deep 
and  at  a  pressure  of  950  lb.  Formerly  this  was  led  through 
a  4-in.  main  direct  to  the  carbon  buildings  and  the  power 
necessary  for  driving  the  scrapers,  etc.,  was  obtained  from 
a  steam  boiler  and  engine. 

The  management,  however,  conceived  the  idea  of  utiliz- 
ing the  initial  pressure  of  the  gas  by  passing  it  through 
the  cylinders  of  the  steam  engine,  the  latter  serving  in 
the  capacity  of  a  reducing  valve  and,  at  the  same  time, 
doing  away  with  the  use  of  steam.  Accordingly,  the  pip- 
ing was  arranged  as  shown  in  the  sketch,  a  2-in.  branch 
being  taken  off  the  4-in.  gas  main  and  led  through  a  regu- 
lating valve  to  the  engine.  The  exhaust  is  led  into  a  dis- 
charge tank,  a  spreader  being  provided  at  the  end  of  the 
exhaust  pipe.     From  the  discharge  tank  the  gas  passes 


through  a  o-in.  main  to  a  clapper  check  valve,  which  works 
simultaneously  with  each  chug  of  the  exhaust  and  allows 
the  gas  to  feed  into  the  carbon  buildings  with  constant 
regularity. 

By  using  gas  in  place  of  steam  in  tbis  manner,  the  en- 


Latout  of  Piping 

gine  is  said  to  respond  quicker  and  more  uniformly.  It 
also,  not  only  provides  free  power,  but  reduces  the  labor 
bv  one  man. 


Results   of  Good  Lubrication 

In  our  power  plant,  consisting  of  four  vertical  West- 
inghouse  gas  engines,  we  recently  overhauled  two,  clean- 
ing the  pistons  and  putting  in  new  rings,  also  renewing 
the  piston  pins,  lower  crosshead  brasses,  wedges  and  wedge 
bolts. 

The  engines  have  been  in  service  in  an  office  building 
eleven  years  where  power  is  required  day  and  night.  These 
two  engines  have  had  new  piston  rings  four  times  during 
that  period ;  but  this  was  the  first  time  that  any  of  the 
pins  or  brasses  have  been  renewed.  When  the  pins  and 
brasses  were  taken  out  it  was  found  that  they  would  have 
been  good  for  a  number  of  years  more  service.  The  pins 
showed  hardly  any  wear,  the  lower  brasses  showed  only 
slight  wear,  while  the  top  brasses  were  apparently  as  good 
as  new  and  were  put  back  again.  The  only  parts  show- 
ing wear  were  the  threads  on  the  wedge  bolts  and  in 
the  wedges,  some  being  worn  nearly  to  the  point  of  strip- 
ping ;  but  as  they  receive  the  hardest  strain  of  any  of  the 
parts  it  was  expected  that  they  would  be  badly  worn. 

The  accompanying  illustration  shows  a  set  of  pins  and 
brasses  from  one  of  the  engines.  The  first  A  shows  the 
working  side  of  one  of  the  piston  pins ;  B  is  one  of  the 
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lower  crosshead  brasses  still  containing  good,  deep  oil 
grooves;  C  is  a  side  view  of  a  pin,  the  working  side  to 
the  left  and  the  idle  or  top  side  on  the  right ;  D  is  a  bot- 
tom view  of  one  of  the  brasses,  showing  ver}'  little  wear 
of  the  wedge,  also  showing  that  the  wedge  was  only  about 
half  way  up;  E  shows  the  idle  side  of  a  pin;  and,  F  one 
of  the  brasses  just   as   it    was   taken   out   of  the   engine 


Bkai!i.\G8  axd  Pixs  afti:r  Reiioval 

without  being  cleaned,  showing  the  oil  grooves  nearly 
filled  with  carbon,  which  is  common  in  gas-engine  bear- 
ings. 

Wo  have  credited  the  good  wearing  qualities  of  onr 
bearings  to  our  careful  and  special  method  of  lubrica- 
tion. 

L.    M.    JOHXSON". 
Hmsworth.   Penii. 

Difficulty  in  Starting  a  Gas   Engine 

Some  time  ago  1  had  charge  of  a  plant  containing  two 
gas  engines  running  on  suction-producer  gas.  One  was 
a  16-in.,  two-cylinder,  vertical  running  at  2oO  r.p.m.,  and 
the  other  a  ll-in.,  single-cylinder,  horizontal  machine  run- 
ning at  1<S0  r.p.m.  Tlie  latter  was  run  morning  and 
evening  for  about  two  hours  each  when  the  load  was 
heavy.  The  two  engines  ran  off  the  one  producer,  the 
connections  being  as  .shown  at  A  in  the  sketch. 

Upon  starting  the  smaller  engine  the  larger  would  not 
let  it  get  the  gas,  since  it  ran  faster,  was  larger  and  was 
situated  nearer  the  ])roducer.  As  sunn  as  the  small  en- 
gine was  given  a  few  shots  of  air  to  gel  il  in  motion  and 
the  gas  valve  was  opened,  the  air  would  rush  in,  caused 
by  the  suction  of  the  other  engine,  and  draw  the  gas 
away  from  it.  T  tried  getting  the  small  engine  in  motion 
with  compressed  air  and  have  someone  throw  in  the  fric- 
tion clutch  on  the  lineshaft  tO  pull  it  up  to  speed;  then 
open  the  gas  valve.  Then  the  engine  would  suck  the  gas 
until  it  came  to  the  cylinder,  when  it  would  start  to  lake 
explosions  and  commence  working  in  ])arallel  with  the 
other  engine.  The  small  engine  was  driving  a  lineshaft 
on  the  other  side  of  the  yard  from  the  large  engine,  the 
two  shafts  being  connected  by  a  long  belt  with  about  75 
ft.  between  centers. 

This  proved  to  be  an  inefficient  method  of  starting, 
however,  as  it  not  only  pulled  down  the  speed  of  the  shaft, 
but  burned  the  hard-wood  blocks  in  the  friction  clutch 
and  caused  no  end  of  trouble.  After  frying  different 
methods,  I  finally  succeeded  in  making  a  device  which 


proved  successful  and  which  may  help  someone  else  who 
has  two  engines  running  under  such  conditions. 

There  was  a  114-in.  nipple  and  valve  in  the  gas  pipe 
just  above  the  main  stop  valve  to  be  used  as  a  purge  pipe. 
Into  this  valve  I  screwed  a  nipple  and  tee.  1  then  put^ 
a  bushing  on  the  one  side  of  the  tee  and  a  114-in.  nip])le1 
6  in.  long  on  the  othei  side.     Into  the  bushing  I  screwed 


SuHJi.Mii  lu;;  SsCCKiNG  Gas  to  Engink 

a  %-in.  pijjc  so  that  its  lower  end  extended  below  tiie 
center  of  tlie  tee,  the  other  end  being  connected  M-ith  the 
air  tank. 

I  For  starting  I  opened  the  valve  on  the  purge  pipe  and 
then  opened  the  small  valve  on  the  air  pipe,  this  acted 
as  a  siphon  and  drew  the  gas  to  the  engine.  After  giving 
the  engine  a  few  shots  of  air  at  150  lb.  to  get  it  in  mo- 
tion, I  opened  the  gas  valve  to  the  engine,  closed  the  lt/4- 
in.  valve  and  shut  off  the  air.  The  engine  woidd  then 
continue  to  draw  the  gas. 

Hahky  Westwoou. 
Stratford,  Ont. 

Binders  for  Fuel  Briquettes 

Experience  in  European  countries  and  investigations 
made  at  the  fuel-testing  jilant  of  the  United  States  Geo- 
logical Survey  at  St.  Louis,  and  later  by  the  Bureau  of 
Mines  at  Pittsburg,  have  shown  that  lignite  may  be  suc- 
cessfully briquctted  without  the  use  of  any  additional 
binding  material,  and  that  the  most  satisfactory  binders 
for  anthracite,  semi-anthracite,  bituminous  and  sub- 
bituminous  coals  are  coal-tar  pitch,  gas-tar  pitch,  aud 
asphaltic  pitch. 

Of  the  19  briquettihg  plants  in  commercial  operation 
in  the  United  States  during  1913,  10  used  as  a  bindiT 
coal-tar  pitch,  or  mixtures  in  which  it  is  the  chief  in- 
gredient; one  plant  used  iispluiltic  pitch,  two  used  wale;- 
gas  pitch;  four  n.«ed  mixed  binders  who.sc  composition  is 
not  made  public,  and  two  (one  operating  on  peat  and  the 
other  on  carbon  residue)  used  no  binder. 

Inorganic  binders,  such  as  cement,  have  not  given  sat- 
isfactory results,  for,  although  they  may  form  efTlcient 
binders  they  have  fhn  serious  objection  oP  increasing  the 
ash  and  adding  nothing  to  the  combustible  elements  of 
the  fuel. 
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Compressed  Air  to  Circulate  Hot 
Water 

lu  tlie  isue  of  Apr.  1.'),  a  short  note  coneerning  the 
introduction  of  C'onipres.^ed  air  into  the  riser  of  a  hot- 
water  heating  system  was  published.  Since  that  date  ad- 
ditional information  has  come  to  hand.  An  illustration 
of  the  system  designed  by  Herman  Kraais,  engineer  of  the 
German  Musuem  in  Munich,  is  shown  herewith.  The 
compressed  air  is  introduced  into  a  riser  leading  directly 
from  the  heater,  or  hot-water  boiler  to  the  expansion 
tank,  where  the  air  escapes  and  the  water  is  returned 
through  the  radiators  to  the  heaters.  The  supply  of  air 
may  be  controlled  by  the  outside  temperature  or,  ins  shown 


In  the  state  sanitarium  at  liiitteldorf,  N'ienna,  ten  large 
Iniildings  are  equipped  with  this  system.  The  installa- 
tions were  made  five  years  ago,  and  according  to  reports 
have  given  excellent  satisfaction.  Some  of  the  advant- 
ages claimed  by  the  inventor  are  adjustment  of  the  rate 
of  flow  according  to  the  outside  temperature  or  to  the 
temperature  of  the  return,  the  possibility  of  obtaining 
the  necessary  amount  of  compressed  air  for  a  full  day 
inside  of  one  or  two  hours,  centra!  regulation,  no  possi- 
bility of  overheating  the  water  in  the  system  and  the 
use  of  pipes  of  small  diameter. 

Any  hot-water  heating  system  can  be  fitted  up  with 
the  air  equipment  at  small  cost.  The  system  is  recom- 
mended especially  for  green  houses  where  uniform  ami 
high  temperature  is  essential. 


—  Supply 

Return 

Air  Pipe 


KiiAus  Hot-Water  System  Using  CoiiPREssEn  Air 

in  the  drawing,  by  the  temperature  of  the  return.  A 
thermostat  is  connected  with  the  return  and  control.T-  i 
pressure-reducing  valve  on  the  air  supply. 

The  compressed  .air  is  supplied  by  an  electrically- 
driven  compressor  which  is  automatically  controlled 
according  to  the  presure  in  the  air  tank.  From  the 
tank,  the  air  passes  through  the  reducing  valve  and  en- 
ters the  riser  through  a  specially  designed  nozzle. 

In  the  sketch  A  represents  the  hot-water  heater,  B  the 
air  compressor,  C  the  air  tank.  T)  the  air-pressure  piping, 
Y  the  reducing  valve,  and  f^  the  thermostat.  It  may  be 
noticed  that  an  expansion  tank  ff,  and  a  hot-water  heat- 
er are  shown  on  each  floor.  From  each  expansion  tank 
there  is  a  connection  to  atmosphere  so  that  air  may  es- 
cape without  having  the  oportunity  to  enter  the  radi- 
ators and  interfere  with  the  operation. 


Hot-Water  Direct-Heating  Charts 

1'>Y  Frank  li.  (Albert,  Jr. 

Various  methods  are  used  in  compviting  the  amount  of 
radiation  required  for  heating,  although  the  heat  unit  is 
the  most  satisfactory  basis,  'flie  relations  connnonly  used 
are  expressed  by  the  formula 

,^q,tf.  rail.  = 

where 

E  =  Square  feet  of  exposed  Iniilding  surface; 
C  =  Coefficient  of  heat  transmission  ^  B.t.u.  trans- 
mitted per  hr.  per  sq.ft.  per  deg.  difference  in 
temperature ; 
I)  =  Difference  in  tenqierature ; 
F  =  Radiator  factor  :=  B.t.u.  radiated  [ht  hr.  per 
sq.ft.  radiator  surface. 
Application  of  the  formula  is  simplified  by  using  the 
acconqianying  charts,  the  design  of  which   includes  the 
folluwinsr  values  of  the  coefficient  of  transmission  C. 


Skylight  (single  glass) 

Slate  roof 

Window  (single  glass) 

Shingle  roof 

Corrugated  iron  wall 

4-in.  brick  wall 

Skylight  (double  glass) 

8-in.  brick  wall 

Wooden  door 

12-in.  brick  wall 

Wooden  wall 

Wood  and  comnosition  roof 

1 6-in.  brick  wall .    . 

20-in.  brick  wall 

24-in.  brick  wall. 

Wooden  ceiling.  .  , 

Wooden  floor 


1  12 
1  10 
1  00 
0  90 
0.84 
0 .  68 
0  62 

0  46 

0  42 

0  33, 

0.28 

0 ,  28 

0  27 

0  23 

0  20 

0   104 

0  08 

The  value  of  F  is  taken  at  150,  which  holds  for  the 
usual  hot-water  system  operating  under  ordinary  condi- 
tions. East,  west  and  north  exposed  surfaces  are  con- 
sidered as  losing  10,  20  and  30  per  cent.,  respectively, 
more  heat  than  a  wall  of  south  exposure. 

Illustrations  of  the  use  of  the  charts  are  shown  liv  the 
dotted  line  on  which  arrows  indicate  the  order  in  which 
the  several  sets  of  curves  are  to  be  +aken.  In  Fig.  1  the 
problem  illustrated  bv  the  dotted  line  is  to  determine  the 
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amount  of  radiation  necessary  to  supplj'  heat  radiated  to 
out-of-doors  by  3000  sq.ft.  of  12-iu.  brick  wall  with  a  west 
exposure  and  a  temperature  difference  of  80  deg. 

Starting  at  the  3000  division  of  the  scale  for  square 
feet  of  exposed  building  surface  located  along  the  right- 
hand  edge  of  the  chart,  the  line  of  reading  would  follow 
to  the  left  until  intersecting  the  line  representing  a  12- 


The  proportioning  of  the  amount  of  radiation  necessary 
to  heat  incoming  air  is  largely  a  matter  of  experience  in 
assuming  the  number  of  times  per  hour  the  total  air  con- 
tents of  the  building  will  be  changed.  This  factor  varies 
for  different  types  of  construction  and  depends  also  on 
the  probable  frequency  with  which  doors  and  windows  will 
be  opened.    For  an  average  value,  one  air  change  per  hour 


Square    Feet   Radia+ion   Required 
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12" Brick  Wall- 


Wooden  Wall,  Wood 
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16" Brick  Wall 


20" Brick  Wall 


24" Brick  Wall- 
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Fig.  1.  Chai!T  for  Direct  Determixationof  Hot-Water  Radiation 
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in.  brick  wall.  From  this  point  of  intersection  follow 
vertically  to  the  line  of  80  deg.  ti'mj)crature  difference, 
thence  horizontally  to  the  line  indicating  west  exposure 
and  vertically  to  the  scale  of  required  radiation,  which 
gives  a  reading  of  630  sq.ft. 


for  ordinary  factory  buildings  is  consistent.  For  residences, 
two  air  changes  per  hour  on  the  first  floor,  one  and  one- 
half  on  intermediate  floors,  and  one  on  the  top  floor  may 
be  used. 

Fig.  2  gives  graphical  solutions  to  problems  involving 
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the  changing  of  air  contents.  The  case  illustrated  by  the 
dotted  line  is  for  a  room  of  70,000  cu.ft.  iu  volume  heated 
to  70  deg.  with  an  outdoor  temperature  of  10  deg.  below 
zero  and  assuming  two  changes  of  air  per  hour. 

Beginning,  as  indicated  by  the  arrows,  at  the  scale  of 
outdoor  temperatures,  rising  to  the  curves  for  70-deg. 
indoor  temperature  and  horizontaUy  to  the  right  a  halt 
is  made  at  the  vertical  line  on  the  extreme  right-hand 
side  of  the  chart.  A  straight-edge  is  placed  to  coincide 
with  this  last  position  and  the  point  marked  70,000  cu.ft. 
volume  of  room.  On  the  vertical  Viae  imn  ediatoly  to  the 
left  of  the  temperature  curves  the  straight-edge  locates 
a  point  from  which  a  path  is  followed  horizontally  to  the 
left  until  intersection  is  made  with  the  line  representing 
two  air  changes  per  hour.  From  this  intersection  ver- 
tically to  the  scale  at  the  top  of  the  chart  gives  a  reading 
of  1570  sq.ft.  of  radiation  uecessary  to  heat  the  incom- 
ing air. 

Wooden  Pipes  and  Casings 

In  the  olden  days,  wooden  pipes  were  the  standard 
water  main.  Common  pump  logs  with  the  bark  on  were 
used.  In  some  cases  the  lasting  qualities  of  these  logs 
were  remarkable.  In  1613,  Loudon  laid  -100  miles  of  elm 
logs,  and  in  1862  some  of  them  were  removed  in  good 
condition  after  being  down  249  years.  Detroit  had  100 
miles  of  these  pump  logs  and  they  have  been  in  use  in 
various  other  states  in  the  Union.     The  ordinary  log, 


Sectiox  through  Underground  Steam  Maix 

however,  would  not  stand  much  pressure.  For  the  high 
pressures  now  employed  it  was  necessary  to  reinforce  the 
pipe  with  iron  banding.  A  better  joint  was  required  and 
a  coating  which  would  make  the  exterior  impervious  to 
moisture.  Since  1869,  the  Michigan  Pipe  Co.,  of  Bay 
City,  Mich.,  have  been  working  on  these  points  and  have 
evolved  a  wooden  pipe  which  will  withstand  a  water  pres- 
sure of  200  lb.  per  sq.in.  For  the  exacting  requirements 
of  steam  heating  a  modification  of  the  above  pipe  has 
been  adapted  as  a  casing  to  surround  the  underground 
piping  of  the  system.  The  larger  casings  are  made  up 
in  6-,  7-  and  8-ft.  sections  of  white  pine  or  Michigan 
tamarack  staves,  which  are  dressed  on  the  edges  to  con- 
form to  a  circle  and  are  fitted  with  a  tongue  and  groove 


the  full  length.  The  staves  are  banded  together  with  gal- 
vanized wire.  A  mortise  is  put  in  one  end,  and  a  tenon 
on  the  other,  so  the  sections  can  be  driven  together.  In 
the  coating  rolls  the  outside  surface  is  covered  with  a 
thick  layer  of  hot  liquid  asphaltum.  The  pipe  is  then 
rolled  in  sawdust,  given  a  second  coating  of  asphaltum 
and  rolled  again  in  the  sawdust. 

A  shell  4  in.  thick  is  considered  standard,  although  3- 
and  2-in.  shells  are  used  in  some  cases.  In  a  certain  test 
on  underground  steam  pipe  surrounded  by  a  4-in.  casing 
a  loss  of  steam  of  only  0.038  lb.  per  lb.  per  sq.ft.  of  pipe 
surface  was  reported.  When  this  is  compared  to  0.840 
for  bare  pipe  with  a  temperature  difference  of  280  deg. 
between  the  air  and  steam,  the  insulating  qualities  of  the 
casing  will  be  better  appreciated. 

Pipe  Sizes  for  Forced  Hot- Water 
Heating 

Answering  Mr.  Kenfs  question,  in  the  Apr.  29  issue, 
regarding  the  method  of  determining  the  total  friction 
head  iu  order  to  use  the  tables  for  pipe  sizes  given  by 
the  writer  in  the  Apr.  1  issue,  I  desire  first  to  call  atten- 
tion to  a  confusion  in  the  wording  of  the  first  sentence 
at  the  top  of  the  second  column.  The  meaning  is  evi- 
dent, but  the  following  sentence  relieves  any  doubt :  A 
more  logical  method  would  be  to  fix  the  total  friction  head 
and  from  the  total  length  of  the  system  determine  the 
allowable  friction  head  per  100  ft. 

To  determine  the  most  economical  relation  between  size 
of  piping  and  size  of  pump  a  modification  of  Lord  Kel- 
vin's rule  for  the  most  economical  section  of  an  electric 
conductor  may  be  used.  His  rule  is  that,  "The  annual 
interest  on  capital  outlay  should  be  equal  to  the  annual 
cost  of  energy  wasted."  For  forced  hot-water  work  the 
interest  and  depreciation  on  the  cost  of  the  piping  and 
covering  plus  the  cost  of  the  loss  due  to  radiation  should 
equal  the  interest  and  depreciation  on  the  cost  of  the 
pump  plus  the  cost  of  pumping  the  water. 

If  different  total  friction  heads  are  assumed  and  the 
size  of  pipes  for  each  head  determined  by  the  table  men- 
tioned above,  and  the  various  interest  and  cost  charges 
computed,  two  curves  can  be  plotted.  The  ordinates 
should  be  "dollars"  and  the  abscissas  "total  friction 
head."  One  curve  is  plotted  between  friction  head  and 
the  interest  and  loss  charges  for  the  piping  system.  The 
other  curve  is  plotted  between  friction  head  and  total 
interest  and  cost  on  pumping  the  water.  Where  they  cross 
will  be  the  friction  head  to  use. 

This  method  may,  however,  be  found  to  be  too  long 
and  complicated,  and  fairly  close  results  may  be  obtained 
by  assuming  the  total  friction  head.  For  the  smaller  in- 
stallations a  friction  head  of  35  to  40  ft.  is  used,  running 
up  to  80  ft.  with  the  largest  single  installations  or  a  small 
group  of  moderate-size  buildings.  For  large  installations 
where  there  are  a  large  number  of  buildings  or  the  circuits 
are  very  long  the  friction  heads  run  up  to  120  ft. 

In  the  example  given  by  Mr.  Kent  no  length  is  stated, 
but  suppose  the  total  run  is  3000  ft.,  and  assume  a  fric- 
tion head  of  60  ft.  This  will  give  a  friction  head  of  2 
ft.  per  100  ft.  of  length.  Then  from  the  table  it  is  found 
that  the  main  should  be  iy^  in.,  the  branch  with  1200  ft. 
2  in.  and  the  branch  with  400  ft.  11/4  in. 

Brooklyn,  N.  Y.  W.  L.  Durand. 
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Discrimination 

111  an  effort  to  justify  its  charges  an  electric  compariv 
will  certify  to  a  public-service  commission  that  it  costs 
between  four  and  five  cents  jDer  kilowatt-hour  to  make, 
distribute  and  collect  for  current. 

And  then  the  same  company  will  take  a  contract  to  sell 
the  current  which  costs  four  or  fi\e  tents  for  a  cent  or 
under. 

Well,  who  is  any  the  worse  off  ? 

The  customer  gets  his  current  cheaper  than  he  could 
make  it,  the  small  consumer  pays  no  more  than  he  would 
otherwise,  and  the  electric  company  gets  a  considerable 
increase  to  its  income  at  a  comparatively  small  increase 
in  expense. 

But  the  same  reasoning  carried  to  its  logical  conclusion 
would  lead  into  broad  fields  of  disirimination.  Imagine 
a  manufacturer  of  some  product  of  the  delivered  cost  of 
which  the  freight  is  so  large  a  factor  that  he  could  not  run 
his  factory  or  work  his  mine  or  quarry  where  it  happens 
to  be  located  and  pay  the  regular  schedule  freight  rates. 
Eailroad  trains  pass  his  door  in  numbers  every  day.  It 
would  cost  the  railroad  very  little  additional  to  hitch  his 
car  onto  one  of  these  trains  and  haul  it  to  his  market.  If 
it  were  so  hauled  at  a  price  considerably  more  than  this 
additional  cost,  the  industry  would  be  kept  alive,  the  man- 
ufacturer and  his  employees  be  furnished  with  profitable 
occupation,  the  users  would  enjoy  the  benefit  of  the  greater 
supply  and  the  railroad  would  make  money,  while  those 
who  paid  the  regular  rate  would  pay  no  more  than  they 
had  been  paying. 

But  this  would  be  disc'rimination  and  would  not  bo 
tolerated.  To  allow  it  would  be  to  put  into  the  hands 
of  the  railroad  power  to  ruin  not  only  individuals  but 
industries  and  towns. 

A  gas  company  cannot  sell  the  same  gas  at  one  iiriee 
for  lighting  and  at  another  for  heating,  nor  in  many 
states  is  it  allowed  even  to  give  large  consumers  an  ad- 
vantage in  the  rate.  How  far  are  the  courts  and  the  pub- 
lic-service commissions  going  to  allow  the  electric  com- 
panies to  go  with  this  kind  of  discrimination?  This  is 
one  of  the  most  weighty  and  interesting  (pu'stions  in  tlie 
power-plant  field. 

In  the  last  analysis,  from  a  social-cconomieal  point  of 
view  the  question  of  the  displacement  of  Ibc  isolated  ])laiit 
by  central-station  .service  ought  to  be  settled  upon  the 
l)road  engineering  consideration  of  ultinnite  co.st.  How 
can  the  service  be  rendered  most  efficiently? 

If  the  problem  of  operating  the  varied  industries  of  a 
large  city  at  the  least  cost  and  at  the  best  ellicicncy  were 
submitted  to  a  competent  engineer,  he  would,  in  our 
o])iiiion,  neither  put  in  an  immense  central  station  nor 
continue  the  numerous  makeshift,  uneconomical,  separate 
installations  for  each  several  building  or  industry,  hut 
by  grouping  the  ])lants  of  city  blocks  or  neighborhoods 
would  evolve  a  lot  of  good-sized  efficient  plants  with  favor- 
able load  factors,  important  enough  to  warrant  the  em- 


ployment of  good  engineers,  and  capable  of  furnishing 
heat  as  well  as  light  and  power.  Such  a  block  plant,  when 
a  considerable  proportion  of  the  exhaust  steam  can  be 
used  for  heating,  etc.,  will  produce  and  deliver  light,  heat 
and  power  cheaper  than  any  central  station  can  do  so  at 
a  profit  upon  any  reasonable  basis  of  competition. 

Selection  of  Men  and  Equipment 

Asked  the  source  of  greatest  trouble  in  their  large 
plants,  several  chief  engineers  have  replied  that  labor 
troubles  headed  the  list.  These  troubles,  the  cause  of 
which  may  be  traced  directly  to  the  labor,  are  not  brought 
about  through  strikes,  unions  or  dissatisfaction  over  wages, 
etc.  They  are  the  result  of  incompetent  or  neglectful 
workmen  performing  duties  requiring  skill,  unceasing 
vigilance  and  strict  attentiveness. 

And  here,  as  far  as  the  chief  engineer  is  concerned, 
lies  the  great  difference  between  men  and  equipment.  If 
a  new  turbine,  condenser,  boiler  or  stoker  is  needed,  the 
selection  of  the  best,  or  the  best  for  the  particular  plant, 
is  not  such  an  exceedingly  difficult  matter.  Books  have 
been  written,  tests  conducted,  voluminous  data  compiled 
— all  to  assist  in  determining  what  kind,  type  or  make 
of  unit  is  best  for  any  particular  purpose. 

Xot  so  with  men.  They  may  bring  references  and 
diplomas  galore,  but  these  are  not  always  a  true  indica- 
tion of  how  well  the  men  will  ])erform  the  duties  they  are 
hired  to  perform. 

The  labor,  skilled  and  unskilled,  that  the  average  chief 
engineer  hires,  is  to  him  much  like  an  apparatus  the  worth 
of  which  cannot  be  definitely  determined  without  trial. 

It  behooves  every  man  to  be  as  good  as  he  says  he  is  and 
better  than  his  employer  thinks  he  is. 

To  Men  in  Charge  of  Auxiliaries 

In  large  plants  the  chief  or  assistant  chief  engineer 
cannot  constantly  watch  every  piece  of  apparatus.  The 
assistant  engineers  are  usually  too  hu.sy  in  the  engine 
room  to  make  frequent  inspection  trips  through  the  cel- 
lars, pump  rooms,  etc.  They  must,  therefore,  depend 
niiich  upon  the  men  in  charge  of  auxiliaries  to  perform 
tlicir  duties  well  without  l)eing  watched  over. 

It  is  only  after  an  oiler,  helper,  pum])man,  coal  con- 
veyor operator,  etc.,  has  assumed  the  responsibilities  of 
engineer  that  he  can  fully  appreciate  how  valuable  a  care- 
ful and  honest  oiler  or  helper  is.  To  feel  that  you  have  a 
man  on  watch  with  you  who  is  givii)g  all  the  assistance 
that  he  can,  and  in  whom  you  have  confidence,  is  indeed 
a  factor  that  lightens  the  burden  and  worries  of  the  work- 
ing day. 

Little  oversights  and  things  of  which  yon  say.  "Ob.  F 
forgot"  become  a   regular  oci'urrence  through  repetition. 

Tt  requires  only  reasonable  attention  to  stop  the  coal 
conveyor  when  the  last  car  or  wagon  has  been  unloaded. 
To  run  it  longer  unnecessarily  uses  power  and  wears  out 
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the  machine  loug  before  it  shoukl  go  to  the  junk  pile.  And 
the  vaciaim  cleaner;  there  is  no  reason  why  it  should  be 
left  running  after  the  porter  has  sent  word  that  the  clean- 
ing is  finished.  Neither  should  the  cleaning  of  the  oil 
and  water  filters  and  oil  pipes  be  left  undone  until  the 
engineer  discovers  that  the  boilers  are  scaled  or  the  bear- 
ings are  hot  or  destroyed.  Xor  should  cleaning  the  boil- 
ers of  soot  be  neglected  until  the  firemen  complain  that 
they  cannot  "hold  the  steam." 

Anvone  assigned  to  a  particular  part  of  the  plant  should 
by  ali  means  make  that  part  show  that  it  is  being  well 
eared  for.  If  little  things  go  wrong  they  should  be  fixed 
without  the  formalities  of  a  report.  If  the  nature  of  a 
trouble  indicates  that  something  serious  may  happen  if 
repairs  are  delayed,  that  should  be  reported  at  once.  If 
one  waits  for  the  engineer  to  come  and  find  the  trouble 
it  may  be  too  late  to  avoid  a  shutdown. 

C;italog    Distribution 

Often  a  manufacturer  will  expend  considerable  effort 
and  money  in  the  preparation  of  a  high-grade  catalog  or 
handbook  only  to  defeat  his  own  ends  by  the  overcautious 
manner  in  which  he  restricts  its  distribution.  That  this 
is  so  was  shown  by  an  incident  that  happened  in  a  large 
university  of  the  Middle  West.  A  student  asked  the  in- 
structor if  the pump  was  the  only  good  one  on  the 

market.  He  was  at  work  on  the  problem  of  designing  a 
power  plant  and  the Pump  Co.'s  catalog,  contain- 
ing full  data  on  the  pumps  put  out  by  that  company, 
was  the  only  one  found  in  the  classroom  library,  although 
the  instructor  had  made  repeated  efforts  to  secure  cata- 
logs or,  at  least,  some  general  data  on  pumps  of  a  variety 
of  makes. 

It  seems  that  an  inquiry  from  any  but  an  obviously 
good  prospect  for  a  sale  is  often  treated  with  slight  at- 
tention.    This  is  surely  short-sighted. 

The  main  function  of  a  catalog  or  handbook  is  to  pre- 
dispose the  reader  to  favor  articles  of  a  certain  manu- 
facture. And  this  predisposition  cannot  be  developed  too 
soon.  What  is  more  natural  than  for  a  student  to  go  out 
into  business  life  with  a  preference  for  the  make  of  pump 
he  specified  for  his  first,  although  imaginary,  power  plant  ? 
Both  sentiment  and  familiarity  cause  him  to  lean  in  that 
direction.  These  likewise  cause  him  to  prefer  a  certain 
type  or  make  of  chimney,  boiler,  stoker,  heater,  engine, 
dynamo,  etc.,  right  down  the  line. 

It  may  be  true  in  a  certain  measure  that,  as  Emerson 
said,  the  world  will  beat  a  path  to  the  door  of  the  chap 
who  makes  a  superlative  mouse  trap  or  other  product, 
even  though  he  locate  his  factory  in  the  heart  of  the  back- 
woods. However,  the  beating  process  is  usually  insuper- 
ably long  unless  accelerated  by  these  modern  highly  de- 
veloped road-making  machines,  advertising  and  salesman- 
ship, both  of  which  are  but  specialized  modes  of  dis- 
seminating information. 

The  discerning  manufacturer  realizes  this,  for  he  scat- 
ters the  seeds  of  information  broadcast.  To  him  it  mat- 
tereth  not  if  some  few  do  fall  by  the  wayside,  some  on 
barren  ground  and  some,  perhaps,  among  thorns.  He 
knows  that  these  lost  ones  cannot  be  less  fruitful  than 
if  left  to  grow  antiquated  in  the  vault  or  storeroom  so 
that  they  finally  have  to  be  thrown  away  as  no  longer  suit- 
able for  distribution. 


Safety  Valve  Rating 

An  interesting  book  on  the  above  subject  is  reviewed 
on  page  727.  Safety  valves  have  always  been  a  prolific 
source  of  discussion  and  numerous  rules  are  in  effect 
governing  their  size.  In  all,  the  results  are  expressed  in 
valve  area,  which  is  the  area  of  the  disk  exposed  to  the 
steam  pressure  when  the  valve  is  closed.  The  rule  in  use 
by  the  United  States  Board  of  Supervising  Inspectors  of 
Steam  Vessels  assumes  a  lift  of  the  disk  equal  to  one- 
thirty-second  of  the  valve  diameter,  and  the  Massachusetts 
rule  assumes  that  the  orifice  opening  shall  be  one-eleventh 
of  the  boiler-connection  area,  which  for  bevel-seated  valves 
would  fix  the  vertical  lift  of  the  disk  at  about  one-thirty- 
first  of  the  diameter.  In  either  case  the  lift  is  supposed 
to  increase  with  the  size  of  the  valve.  As  a  matter  of 
fact,  it  has  been  shown  that  safety  valves  do  not  lift  in 
projiortion  to  their  diameters.  The  lift  is  practically  the 
same  for  all  sizes  and  smaller  if  anything  for  the  larger 
valves. 

Both  rules  are  based  on  Xapier's  approximate  formula 
for  the  flow  of  steam  through  an  orifice,  and  maximum 
grate  areas,  for  which  each  commercial  size  of  valve  may 
be  used,  enter  into  the  question.  iVpparently  the  above 
assumptions  will  allow  variation,  but  factors  of  safety  in- 
troduced in  each  case  insure  a  valve  of  ample  size.  Even 
if  the  various  sizes  of  valve  did  not  have  the  same  lift,  the 
formula  could  be  reduced  to  a  simple  expression  involv- 
ing the  diameter  rather  than  the  area,  such  as  the  one 
proposed  in  this  paper  some  four  years  ago  and  men- 
tioned in  the  review  already  referred  to. 

Dividing  the  weight  of  steam  to  be  delivered  per  hour 
by  the  absolute  pressure  is  simple.  Then,  with  a  constant 
of  one-tenth,  derived  by  fixing  the  lift  at  a  certain  definite 
height  for  all  sizes,  shifting  the  decimal  point  one  place 
to  the  left  gives  the  diameter  directly.  This  is  the  di- 
mension that  is  always  required,  but  with  the  present 
rules  further  computation  or  reference  is  necessary  to  de- 
rive the  diameter  from  the  area. 

To  make  a  valve  lift  in  proportion  to  the  diameter  is 
possible.  If  it  is  desired  a  modification  of  the  above 
simple  formula  would  answer  and  it  might  be  made  to  in- 
clucle  some  allowance  for  higher  lifts  at  low  pressure  and 
rice  versa.  This  would  mean  complication,  and  after  all 
safety  and  simplicity  are  the  considerations  of  paramount 
importance. 

As  stated  in  our  editorial  in  the  Mar.  9,  1909,  issue,  the 
purpose  of  a  rule  for  safety  valves  is  not  to  determine 
with  mathematical  precision  the  exact  area  required  to 
discharge  a  given  amount  of  steam  per  second,  but  to  in- 
dicate a  size  of  valve  which  will  be  ample  for  that  service 
without  being  so  large  as  to  discharge  the  boiler  too 
quickly  or  to  be  extravagant  in  cost.  The  proposed  rule 
will  indicate  such  a  valve  in  terms  of  the  diameter.  It 
is  simpler  and  safer  than  the  present  rules,  as  above  cer- 
tain limits  it  specifies  valves  a  trifle  larger,  v.-hich  will 
readily  discharge  the  assumed  amount  of  steam  in  a  given 
time. 

Due  to  lack  of  space  it  was  impossible  to  give  the  full 
context  of  the  author's  arguments  in  the  review.  It  will 
be  found  worth  while  to  read  the  book,  and  as  the  sub- 
ject of  boiler  safety  is  all  important,  we  will  be  glad  to 
receive  discussion  or  comment  on  the  points  raised  'ly  the 
author. 
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Simplified  Formulas 

Two  rule.s  or  formulas  for  finding  the  capaoity  of  tank 
in  U.  S.  gallons  and  for  finding  the  heating  surfaces  of 
boiler  tubes  are  given  below,  which  are,  I  think,  more 
easily  worked  than  the  rules  given  in  the  Engineers' 
Study  Course,  as  they  are  worked  out  by  multiplication, 
no  division  being  necessary. 

Eule :  To  find  the  capacity  of  a  cylindrical  tank  in  U.  S. 
gallons,  square  the  diameter  in  inches,  multiply  by  the 
length  or  height  in  inches  and  multiply  the  product  by  the 
constant  O.OOSIf. 

Formula  D^  X  H  X  0.0034  =  capacity 

Pnmj  0.785-4  -f-  831  =  0.0034  the  constant 

Rule:      To  find   the  heating  surface   of  boiler  tubes, 

multiply  the  diameter  of  the   tubes  in  inches  by  their 

length  in  feet  and  that  product  by  the  constant  0.2618. 

Formula  D  X  L  X  0.2618  =  heating  surface 

Proof  3.1416  cir.  -^  12  in.  =  0.2618. 

U.  S.  G.  Way. 
Clearfield,  Penn. 


Power-Plant  Curves 

The  curves  plotted  on  the  accompanying  chart  were 
■fc'orked  up  from  a  daily  report  sheet  similar  to  the  one 
shown  on  page  779  of  the  Nov.  26,  1912,  number  of 
Power.  This  chart  was  drawn  up  to  cover  a  period  of 
one  week,  and  the  items  noted  are :    Outside  temperature, 


other  can  be  grasped  mure  readily  than  from  a  set  of 
figures. 

On  the  first  day,  which  was  Sunday,  it  may  be  noticed 
that  the  load  on  the  generators  was  light.  The  night  load 
from  8  p.m.  to  7  a.m.  is  about  125  amp.  and  is  nearly  the 
same  every  night.  The  day  load  from  7  a.m.  to  8  p.m. 
is  heavier  and  not  always  the  same.  On  Dee.  18,  which 
was  a  very  dark  day,  many  more  lights  were  used  in  the 
cfRces  and  the  load  reached  its  highest  point,  which  was 
about  800  amp.  The  e.xtra  exhaust  steam  caused  the  tem- 
perature of  the  feed  water,  and  the  water  in  the  heating 
S3'stem  to  rise.  The  coal  consumption  was  the  same  as  on 
Dec.  19,  when  the  load  was  much  lighter.  This  was 
caused  by  a  lower  outside  temperature  which  required 
more  live  steam  to  be  used  for  heating. 

The  steam  pressure  is  not  plotted  as  it  was  steady  at 
100  lb.,  and  would  appear  as  a  straight  line,  and  likewise 
the  exhaust  pressure  which  was  steady  at  l^/o  in-  vacuum, 
and  the  voltage  at  225  volts.  This  chart  can  be  drawn 
up  to  fit  almost  any  set  of  conditions.  It  may  cover  a 
space  of  24  hr.,  one  week  or  one  month,  as  desired,  and 
the  readings,  which,  in  this  case,  were  taken  every  two 
hours,  may  be  taken  as  often  as  found  convenient. 

To  plot  the  curves  the  sheet  is  first  laid  off  in  squares, 
as  shown,  or  paper  may  be  purchased  that  is  ruled  in 
this  manner.  Next  the  figures  at  the  left  and  bottom  of 
the  chart  are  put  down  and  the  values  from  the  daily 
report  sheet  plotted  in  the  proper  place  on  the  chart.  For 
instance,  the  temperature  of  the  feed  water  at  9  a.m.. 
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temperature  of  the  water  in  the  hot-water  heating  sys- 
tem. teTii]K'rature  of  the  feed  water,  amperes  carried  by 
the  generator  and  coal  u.«ed  on  each  watch.  All  of  the 
exhaust  was  used  in  the  building  heater  and  feed-water 
heater.  Live  steam  was  used  for  heating  outside  build- 
ings, which  at  that  time  was  not  measured.  The  varia- 
tions of  tlie  diflcrent  items  and  their  relations  to  each 


Dec.  16,  was  162  th'fi.  Lcicate  a  jioini  lietween  the  lines 
corresponding  to  160  and  165  deg.,  and  between  the  ver- 
tical lines  that  re])re.sent  H  and  10  a.m.  The  next  reading 
showed  a  temperature  of  168  deg.  at  11  a.m.  Locate  a 
point  in  the  proper  place,  and  draw  a  line  from  one  to 
the  other.  When  the  other  points  are  located  in  the  same 
way  the  rest  of  the  curve  may  be  drawn.    DiflFeient  styles 
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of  line  should  be  used  for  the  different  curves  so  that 
they  may  be  easily  traced  and  compared  with  each  other. 
If  it  is  desired  to  make  one  of  these  charts  for  every  day 
or  week  it  would  be  well  to  have  them  printed  with  all 
lines  and  figures  in  place.  Then  it  will  he  necessary  only 
to  plot  and  draw  in  the  curves. 

If  these  charts  are  studied  closely,  they  are  sure  to  re- 
sult in  better  economy  and  the  engineer  will  have  an  in- 
timate knowledge  of  what  the  plant  is  doing. 

J.  C.  Hawkins. 

Hyattsville.  Md. 

Torch  for  Boiler-Inspection  Work 

Some  time  ago  there  appeared  in  Power  a  description 
of  a  holder  for  a  lamp  to  be  used  inside  boilers.  This  in- 
genious arrangement  brought  to  my  mind  a  torch  (by  no 
means  a  new  one)  in  use  for  the  same  purpose,  which, 
possibly,  does  not  require  the  care  necessary  with  the 
lamp,  as  this  torch  burns  equally  well  in  any  position. 

One  advantage  of  this  torch,  aside  from  the  great  con- 
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venience  in  inspecting  boilers  and  in  working  in  any  dark 
restricted  space,  is  the  ease  with  which  it  may  be  made. 
Its  great  simplicity  puts  it  within  the  reach  of  any  handy 
man  who  has  access  to  a  hacksaw,  a  set  of  pipe  dies,  a 
vi.se  and  a  few  pipe  fittings. 

The  illustration  shows  probably  the  most  convenient 
size.  A  piece  of  l^/i-in.  brass  pipe  .4  has  a  cap  B  on  one 
€nd  and  a  li4x%-in.  reducing  coupling  C  on  the  other. 
Into  the  coupling  is  screwed  a  %-in.  nipple  D,  about  2 
in.  long.  A  few  strings  of  lamp  wicking  long  enough  to 
reach  the  bottom,  complete  the  torch.  Unscrew  the  coup- 
ling from  the  pipe,  fill  with  kerosene  oil,  and  it  is  ready 
for  use. 

J.  F.  MOWAT. 

Joliet.  111. 

Troubles  of  Down-Draft  Systems 

The  most  common  and,  at  tlie  same  time,  the  most 
annoying  difficulties  that  arise  in  the  operation  of  down- 
draft  furnaces  and  systems  are :  Broken  damper  stems, 
both  in  the  main  flue  and  in  the  individual  boiler  set- 
tings, dampers  held  shut  by  collection  of  soot  about  the 
base,  dampers  rustedJn  their  lower  bearings,  and  last,  but 
not  least,  leaks  in  the  settings. 

If  the  management  will  not  bear  the  expense  of  forged 
stems,  get  a  piece  of  rod  or  pipe,  of  a  size  and  length  nec- 
•essary  to  suit,  thread  one  end  of  it  for  a  pipe  flange,  and 
bolt  it  to  the  top  of  the  damper  with  two  pieces  of  angle 
iron,  as  sho^m  in  the  sketch.  The  rod  or  pipe  should  be 
securely  headed  down  or  peened  into  the  flange  so  as  to 
prevent  its  being  screwed  out.  This  repair  on  a  broken 
stem  may  be  quickly  and  cheaply  made,  yet  it  is  strong 
and  durable. 

Many  boiler  men  are  familiar  with  the  practice  of  lay- 
ing a  piece  of  perforated  pipe  along  the  base  of  the  damper 
■and  blowing  live  steam  through  it  to  remove  soot  from 
Arotmd  the  damper  base.  The  practice  is  to  be  condemned. 


If  the  flue  is  not  well  drained,  the  water,  which  is  al- 
most certain  to  collect  in  it,  will  cause  considerable  an- 
noyance by  rusting  the  lower  bearings  of  the  damper 
stems,  causing  them  to  stick  or  jam  in  place,  often  re- 
sulting in  twisting  ott'  the  top  stem  without  moving  the 
damper.  Of  course,  this  trouble  can  be  prevented  by  pro- 
viding proper  drainage  for  the  flue,  but  in  order  to  pre- 
vent a  repetition  of  this  trouble,  bore  out  the  lower 
bearing  and  place  a  brass  bushing  in  it,  allowing  the 
stem  to  rest  in  the  bushing.  As  the  rust  from  the  stem 
will  have  no  effect  on  the  brass,  no  further  difficulty  will 
be  experienced  with  dampers  rusting  in  one  position.     If 
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the  temperature  of  the  flue  gases  is  not  too  high,  babbitt 
nuiy  be  used  instead  of  brass. 

Leaks  in  the  flue  or  settings  are  a  source  of  constant 
trouble,  annoyance  and  loss  to  the  plant.  Uneven  settle- 
ment of  the  boiler  settings  is  responsible  for  most  of 
these  leaks,  and  here  again,  the  old  adage  of  "an  ounce 
of  prevention  is  worth  a  pound  of  cure"  comes  to  mind. 

With  induced  draft,  leaks  in  the  settings  will  cut  dow;( 
the  COo  percentage  at  a  startling  rate.  This,  of  course , 
means  a  big  loss  of  fuel.  Again,  slow  fan  speeds,  couple  I 
with  leaks  in  the  flue,  result  in  dense  clouds  of  smoke  an  rl 
gas,  which,  although  not  particularly  detrimental,  are 
very  disagreeable  and  annoying,  and,  in  some  cases,  may 
even  be  the  cause  of  serious  accidents. 

There  are  other  troubles  and  annoyances  in  the  op- 
eration with  the  down-draft  system,  but  the  above  are 
the  nu)st  common. 

W.  C.  Cooper. 

Springfield,  Til. 

Welding  Boilers 

Boilers  have  been  repaired  by  the  use  of  both  the  acety- 
lene-welding process  and  by  the  electric  weld.  It  has  been 
my  experience  that  insurance  companies  frown  on  the 
use  of  the  former  process.  Whether  or  not  they  approve 
of  the  electric-arc  process  I  do  not  know. 

An  article  on  this  subject  should  prove  very  interesting 
reading.  If  either  or  both  methods  are  not  satisfactory  it 
should  be  widely  known,  while  in  justice  to  the  makers  of 
this  type  of  apparatus  the  reasons  should  be  given. 

The  only  objection  I  have  ever  heard  given  again.st  the 
use  of  autogeneous  welding  is  the  possibility  of  defective 
workmanship.  If  this  is  the  only  reason,  it  would  seem 
as  though  this  might  be  overcome  by  having  the  work 
done  by  competent  operators,  approved  by  the  insurance 
ofiieials.  If  these  processes  are  not  objectionable,  it  is 
evident  that  the  upkeep  cost  of  boilers  may  be  reduced. 

John  Bailey. 

Milwaukee,  Wis. 
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Home-Made    Reducing  Valve 

Fig.  1  is  a  i\'(iui-iug  valve  that  answers  its  purpose  very 
well  on  a  heating  system  that  does  not  require  the  use 
of  an  expensive  reducing  valve. 

Any  globe  valve  of  the  proper  size  and  having  the  seat 
and  disk  in  fairly  good  condition  may  be  used.  To  con- 
vert a  globe  valve  to  a  reducing  valve,  remove  the  wheel 
and  file  the  threads  from  the  stem  until  the  latter  moves 
easily  through  the  bonnet.  The  lever  and  its  support  may 
be  secured  from  a  discarded  pump  regulator. 

To  determine  the  weight  to  be  used  to  secure  the  de- 
sired reduced  pressure,  the  reduced  pressure  is  subtracted 
from  the  boiler  pressure,  and  the  problem  is  then  that 
of  a  lever  safety  valve  with  the  difference  between  the 
boiler  pressure  and  the  reduced  pressure  as  the  blowing-off 
pressure. 

Fig.  5  shows  a  device  for  grinding  the  seats  of  blowoff 
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Fig.  1.  Hojie-Made 
Reducing  Valve 


Fig.  2.  Valve  Re- 
seating Device 


valves  of  the  type  having  a  flat  seat  ami  a  disk  containing 
a  babbitt  ring. 

The  grinder  is  a  small  alundum  wheel  of  the  same 
diameter  as  the  valve  disk.  The  handle  is  made  of  V^-iii- 
pipe;  the  grinding  wheel  being  held  iietween  two  locknuts 
on  the  end  of  the  pipe. 

A  tee  on  the  end  of  the  pipe  and  two  short  pieces  of 
pipe  screwed  into  it  furnishes  grips  for  the  handle.  The 
stone  is  then  turned  on  the  seat  with  a  downward  pres- 
sure. Care  should  be  taken  when  working  on  a  brass  seat 
as  a  very  little  grinding  will  make  the  seat  as  good  as 
new. 

(iEOIiGE    COLLISTER. 

Salina,  Kan. 

Hole  Worn   through  Piston 

For  rather  unusual  experiences,  one  which  I  recentlj' 
had  may  be  of  general  interest. 

The  engine  in  the  plant  to  which  I  was  .sent  acted  as 
though  it  was  working  against  a  very  high  back  pressure. 
Examination  of  the  piston  showed  a  hole  worn  through 
both  sides  of  it  from  a  bolt  which  had  been  left  in  it  since 
it  had  been  repaired. 

W.  M.  Lay. 

Trondale.   Ala. 

Repair  to  Valve-Disk  Holder 

It  occurred  lo  me  tiiat  probably  the  monkey-wrench 
had  played  an  important  part  in  causing  the  valves  in 
question  to  leak.  On  taking  the  valve  apart  we  found 
the  cause  of  the  trouble.  At  A  and  A'  is  shown  how  the 
disk  holder  had  been  sprung,  to  all  appearances,  by  ex- 


cessive pressure  brought  to  bear  on  the  disk  at  B  and  B', 
undoubtedly  caused  by  an  overdose  of  monkey-wrench 
treatment  applied  to  the  valve  wheel.  I  removed  the  re- 
taining nut  C,  took  out  the  disk  and  screwed  the  nut  down 
on  the  stem  to  within  gV  in.  of  the  bottom  of  the  holder. 


Bent  Globe  Valve-Disk  Holder 

I  then  heated  some  babbitt  metal,  filled  the  holder  to  the 
top  of  the  retainer.  After  it  cooled  I  put  it  in  a  lathe 
chuck  and  faced  off  the  bearing  surface  and  this  valve 
now  holds  tight. 

Charles  W.  Dunlap. 
Depew,  X.  Y. 

Trouble  with  Leaky  Boiler  Tubes 

In  our  plant  is  a  72-in.  horizontal  tubular  boiler  con- 
taining 72  four-inch  tubes,  and  I  am  bothered  with  the 
two  outside  rows  of  tubes  leaking  at  the  back  ends.  I 
have  replaced  these  tubes  twice  in  the  last  two  years,  and 
they  are  leaking  again;  the  rest  of  the  tubes  have  never 
given  me  any  trouble  and  they  seem  as  good  as  new. 

Will  some  reader  of  Power  kindly  tell  me  why  these 
tubes  give  out  while  the  rest  remain  tight? 

E.  H.  Hart. 

Baskett.  Ky. 

Flue-Gas  Readings  for  Criticism 

The  accompanying  table  is  a  record  of  one  day's  sam- 
pling of  our  flue  gases.  I  would  like  to  have  readers 
criticize  this  record.  It  will  be  noticed  that  a  minus  sign 
is  put  before  some  of  the  CO  readings.  This  sign  indi- 
cates that  the  CO  reads  less  than  the  0. 

Time  B 

10  0.5  4 

0  25  3 

0  35  1 

0.45  4 

11.00  3 

0  16  1 

0  30  4 

0  32  3 

1.10  4 

0  28  3 

0.45  1 

2.10  4 

0.25  3 

3.00  4 

I  would  like  to  have  it  explained  why  this  occurs  for 
some  readings  and  not  for  others.  The  samples  were 
taken  from  horizontal  return-tuiiular  boilers  operating  at 
140  lb.  pressure. 

F.   A.   Lowe. 

Boston,  Mass. 

[Readers  submitting  flue-gas  analysis  readings  should 
state  the  kind  of  fuel  used,  the  draft  in  inches,  the  method 
of  firing  and  the  kind  of  furnace  and  boiler  u.scd.  This 
information  will  enable  readers  to  comment  on  the  read- 
ings and  arrive  at  conclusions  that  are  not  mere  guesses. 
— Editor.] 
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The   Deadly  Monoxide 

By  his  article,  in  the  Mar.  18  issue,  under  the  above 
caption,  Mr.  Calloway  has  probably  performed  a  good  ser- 
vice in  calling  attention  to  the  fact  that  a  high  CO  per- 
centage is  not  desirable  in  a  boiler  furnace.  However, 
some  of  his  statements  are  hardly  correct. 

He  states  that  when  the  "expert"  first  noticed  the  CO 
percentage  it  was  14  per  cent.,  and  that  it  reached  15  per 
cent. ;  then  being  within  2  per  cent,  of  its  dangerous  point. 
If  he  intends  to  convey  the  idea  that  carbon  monoxide 
with  a  percentage  of  17  under  atmospheric  pressure  and 
of  a  temperature,  such  as  exists  in  the  combustion  cham- 
ber of  a  boiler,  will  unite  with  the  oxygen  present  and 
cause  an  explosion,  he  is  wrong.  As  a  practical  proof,  re- 
call that  in  a  gas  producer  the  CO  often  reaches  23  to  25 
per  cent,  with  a  temperature  much  greater  than  in  the 
combustion  chamber  of  a  boiler  and  at  a  higher  pressure 
(this  is  in  the  pressure  type  of  producers).  Under  such 
conditions  the  CO  will  not  become  explosive  until  it  unites 
with  air,  or  rather  oxygen,  at  a  high  pressure  or  at  a  tem- 
perature 500  deg.  higher  than  the  temperature  in  the 
combustion  chamber. 

As  another  example  one  might  mention  a  number  of 
types  of  stokers  using  forced  drafts  with  sealed  ashpits. 
With  these  stokers  when  the  fan  stops,  due  to  high  steam 
pressure,  the  amount  of  air  entering  the  furnace  is  at  a 
minimum  and  but  little  CO,  is  created.  Up  to  the  present 
time  I  have  heard  of  no  installation  being  wrecked,  due 
to  the  CO  uniting  with  the  air  that  might  enter  through 
the  walls. 

However,  15  per  cent.  CO  is  entirely  out  of  question  in 
a  boiler  furnace,  and  I  rather  suspect  his  "expert"  should 
have  renewed  his  chemicals  in  the  CO  recorder  or  was  an 
amateur  in  the  handling  of  it. 

L.  H.  MoRiiisoN. 

Kansas  City,  Mo. 


If  Mr.  Morrison  is  correct  that  there  is  no  possibility 
of  an  explosion  when  the  Orsat  apparatus  shows  a  CO 
reading  of  17  per  cent.,  then  E.  H.  Thurston  made  a 
surprising  mistake  when  he  wrote  his  book,  "Steam  Boiler 
Explosions  in  Theory  and  Practice."  Quoting  from  page 
126  of  this  book:  "Explosions  of  gas  sometimes  precipi- 
tate steam-boiler  explosions  Should  the  gases  leaving  the 
fuel  and  the  furnace  not  be  completely  burned,  but  be- 
come so  mingled  in  the  flues  as  to  produce  an  explosive 
mixture,  combustion  finally  occurring,  the  shock  may  be 
sufficient  to  cause  rupture  of  the  boiler,  and  as  has  actually 
sometimes  happened,  its  explosion." 

Eecently  E.  J.  Rimmer  wrote  a  book  entitled:  "Boiler 
Explosions,  Collapses  and  Mishaps,"  based  on  data  gath- 
ered by  the  British  Board  of  Trade.  He  illustrates  vari- 
ous points  by  referring  to  actual  cases  and  on  page  86 
I  find  this  reference  to  what  happened  in  Case  No.  1687. 

"The  gases  from  the  flues  passing  from  the  boiler 
through  the  chamber  came  into  contact  with  an  overheated 
economizer,  which  ignited  the  gases  and  wrecked  it." 


Furthermore.  Mr.  Rimmer  states  that  the  temperature 
of  this  overheated  economizer  was  high  enough  to  cause 
combustion  of  the  gases.  As  an  economizer  contains  feed 
water,  even  in  an  "overheated"  condition,  its  temperature 
could  not  have  exceeded  the  normal  temperature  of  the 
flue  gases  very  much,  so  it  is  reasonable  to  .suppose  that 
at  some  point  between  400  and  800  deg.  the  gases  ex- 
ploded. 

There  is  no  doubt  that  CO  often  reaches  25  per  cent, 
in  a  producer  without  wrecking  the  plant.  In  'the  first 
paragraph  of  my  article,  it  is  stated  that  "it  (CO)  is, 
when  mixed  in  proper  proportions  with  air  highly  danger- 
ous, because  of  its  explosive  quality."  Well  behaved  pro- 
ducers get  no  air  above  the  coal,  where  the  CO  is.  Un- 
fortunately, boilers  do.  As  to  the  "much  greater"  tem- 
perature of  the  producer  fire  as  opposed  to  a  boiler's  it 
might  be  pertinent  to  point  out  that  coal  burned  to  CO, 
produces,  roughly,  14,000  B.t.u.  per  lb.,  whereas  in  burn- 
ing to  CO,  only  4400  B.t.u.  can  be  squeezed  out  of  the 
same  amount  of  coal.  Also  2750  deg.  is  not  unusual  in  a 
boiler  furnace. 

The  other  "proof"  that  Mr.  Morrison  relies  on  is  the 
ca.se  of  stoker-fired  boilers  with  sealed  ashpits  and  forced 
draft.  He  evidently  thinks  that  practically  no  air  en- 
ters the  ashpit  when  the  fan  stops.  Under  these  con- 
ditions the  only  avenue  of  entrance  for  the  air  is  through 
a  duct  usually  of  several  square  feet  cross-section  in  which 
the  only  obstructions  are  the  blades  of  a  fan,  set  edge- 
wise. In  fact,  the  free  area  is  just  the  same  as  when  the 
fan  is  running.  And  there  is  the  fire  in  the  furnace  to 
induce  a  draft. 

H.  R.  C.\LLAWAY. 

Xew  York  City. 

Isolated  Plant  vs.   Central  Station 

Allow  me  to  answer  some  of  my  critics  who  quote  other 
instances  as  a  proof  that  the  particular  case  to  which  I 
referred,  in  my  former  article,  appearing  in  the  Jan.  7 
issue,  was  wrongly  analyzed. 

I  am  not  "evidently  promoting  central-station  inter- 
ests," and  no  one  in  my  particular  territory  has  installed 
one-half  as  many  isolated  plants  as  I  have  in  the  face  of 
the  most  strenuous,  but  generally  fair-minded,  opposition 
on  the  part  of  the  public-service  corporation. 

My  critics  object  to  $20,000  per  year  as  the  cost  of  185 
kw.  of  generating  capacity.  I  made  no  such  statement. 
The  figure  given  included  generators  and  engines,  switch- 
board, wiring,  foundations,  some  300  meters,  piping,  pipe 
covering,  engineering  and  incidental  expense ;  and  the 
sum  total  was  taken  from  actual  competitive  bids  for  the 
various  classes  of  apparatus. 

Just  why  5  per  cent,  for  depreciation  on  what  is  spent 
for  labor  is  improper,  I  cannot  understand.  Certainly 
nothing  depreciates  so  rapidly  as  the  labor  involved  in 
erecting  a  plant,  as  it  has  no  second-hand  value;  and 
when  the  plant  is  worn  out,  no  part  of  the  labor  value 
can  be  recovered. 
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Mr.  Eastman,  in  the  Apr.  15  issue,  objects  to  my  fig- 
ure of  J:. 8c.  per  kw.-lir.  The  present  prices  for  that  same 
building  are  $2400  per  year  for  a  fixed  charge  and  less 
than  Ic.  per  k\v.-hr.  for  running  charges,  which  includes 
the  free  renewal  of  lamps,  if  anyone  wants  to  nse  the  car- 
bon-filament lamp ;  and  most  of  the  tenants  do. 

I  repeat  that  the  exhaust  steam  available  from  the  iso- 
lated plant  will  be  of  little  value.  There  are  very  few 
days  in  the  year  when  the  exhaust  steam  from  the  ele- 
vator pumps  is  not,  in  part,  escajjing  to  the  atmosphere. 
In  my  own  offices  (which  are  in  this  building),  it  is  a 
rare  occurrence  to  have  the  steam  turned  on  at  all.  On 
very  cold  days  considerable  steam  is  required  throughout 
the  day ;  but  by  4  o'clock  in  the  afternoon  the  building  is 
thoroughly  warmed,  and  it  is  probable  that  the  tempera- 
ture would  not  fall  5  deg.  between  4  and  6  o'clock  if  all 
of  the  steam  were  shut  oil.  The  exhaust  steam  of  a  100- 
kw.  load  would  be  practically  useless.  The  exhaust  steam 
of  a  25-kw.  load,  through  the  day,  might  be  useful;  but 
no  central  station  would  make  a  favorable  rate  to  a  cus- 
tomer running  an  isolated  plant  for  the  steady  load  and 
purchasing  current  during  -peak  hours  only. 

At  present,  a  very  small  amount  of  labor  is  required, 
and  that  not  high  priced.  The  additional  labor  require- 
ments to  operate  a  plant,  respond  to  the  demands  of  the 
tenants,  test  and  repair  meters,  and,  in  general,  perform 
the  functions  of  a  public-utility  corporation  on  a  small 
scale,  would  add  a  very  appreciable  amount  to  the  pres- 
ent costs. 

Mr.  Hickman's  estimate  of  the  cost  of  fuel,  in  the  same 
issue,  would  hardly  apply  in  this  section.  Instead  of 
$2.50  per  ton  for  coal,  it  costs,  in  this  vicinity,  nearly 
$4.50  per  ton  in  front  of  the  boilers. 

It  should  be  borne  in  mind  that  I  was  quoting  a  par- 
ticular case  to  illustrate  that  there  were  probably  many 
instances  where  conditions  were  most  unfavorable  for  iso- 
lated-plant operation;  and  that  each  individual  case  must 
be  approached  in  a  most  impartial  frame  of  mind.  Since 
writing  my  first  article  the  public-service  corporation  ha.s 
displaced  an  isolated  plant  which  has  been  in  operation 
for  ten  years  and  which  was  in  almost  perfect  condition. 
It  had  a  total  capacity  of  350  kw.,  operated  18  hr.  per 
day,  and  had  an  unusually  high  load  factor.  A  complete 
set  of  books  had  been  kept  in  connection  with  this  plant 
since  the  day  it  started,  and  the  actual  costs  of  operation 
were  positively  known.  Nevertheless,  the  public-service 
corporation  made  a  rate  which  left  no  room  for  choice, 
and  that  after  allowing  an  excessive  amount  of  fuel  for 
heating  purposes  alone. 

The  plant  has  been  running  since  Xovend)er,  1012,  on 
central-station  service;  and  at  the  present  writing  the 
contract  proves  to  be  a  most  satisfactory  one.  Why? 
Because  the  central  station  makes  a  favorable  rate;  and 
that  is  the  whole  answer.  It  is  not  necessary  to  compare 
that  rate  with  other  rates,  or  to  question  whether  it  is 
just. 

We  very  often  lose  sight  of  the  fact  that  small  power 
plants  do  not  operate  within  the  estinuitcd  costs.  There 
is  seldom  brought  to  bear  any  considerable  amount  of 
executive  ability,  sudi  as  is  exercised  in  the  conduct  of  the 
main  business;  and  this  is  no  reflection  on  the  actual  op- 
erators of  power  plants.  I  admit  that  the  central-station 
rates  in  Boston  or  New  York  make  the  isolntcd  ])lant  more 
than  a  pos>iliility  ;  but  I  was  ncit,  nor  am  I,  writing  about 


rates  in  Boston  or  New  York.  I  am  simply  trying  to 
state  that  what  obtains  in  one  place,  or  even  one  in- 
stance, is  seldom  of  little  value  in  another  instance,  ex- 
cept as  it  adds  to  the  general  fund  of  information  and 
broadens  a  man's  view.  If  some  of  the  doubting  Thomases 
are  really  interested,  I  shall  be  glad  to  give  them  figures 
which  will  prove  that  the  isolated  plant  has  a  hard  struggle 
for  existence  when  the  central-station  rates  get  down  to 
iy2  and  2c.  per  kilowatt-hour. 

Wauken  B.  Lewis. 
Providence,  E.  I. 

Available  CO2  Percentages 

"Available  C'O^  Percentage"  is  the  subject  of  an  article 
appearing  in  the  Apr.  15  issue.  The  writer  of  the  article 
gives  a  method  for  determining  the  available  or  theoretical 
maximum  percentage  of  CO,  for  any  given  coal  when  the 
fixed  carbon  content  is  known.  This  information,  if  well 
founded,  would  prove  very  comforting  to  some  engineers, 
particularly  those  in  Missouri,  where  we  burn  coal  con- 
taining as  low  as  33  per  cent,  of  fixed  carbon.  To  go  a 
little  further  into  the  subject  without  becoming  too  tech- 
nical is  the  object  of  the  present  discussion. 

Theoretically  perfect  combustion  of  a  coal  may  be  ex- 
])ressed  as  combustion  in  which  all  of  the  combustible 
constituents  of  the  fuel  have  been  completely  burned  and 
further,  that  the  products  of  combustion  contain  no  ex- 
cess air  as  indicated  by  the  presence  of  free  oxygen. 
Therefore,  an  Orsat  analysis  of  the  products  of  combus- 
tion from  coal  burned  under  theoretically  perfect  condi- 
tions would  show  only  carbon  dioxide  (COo)  and  nitrogen 
(N).  In  other  words,  there  would  be  no  oxygen  (0)  or 
no  carbon  monoxide  (CO)  present.  If  the  fuel  were  pure 
carbon,  the  analysis  would  show  approximately  21  per 
cent.  CO,  and  79  per  cent,  nitrogen. 

Carbon  appears  in  coal  in  the  form  of  free  or  "fixed 
carbon"  and  in  combination  with  hydrogen,  commonly 
known  as  "volatile  matter."  Under  favoral)le  conditions 
the  carbon  in  the  volatile  matter  burns  to  COo  and  the 
hydrogen  to  water  (H,0)  while  under  unfavorable  con- 
ditions of  combustion  the  volatile  matter  may  appear  in 
the  ]iroducts  of  combustion  as  unburned  gases,  tar  and 
particles  of  free  carbon  or  smoke. 

In  flue-gas  analyses  made  with  the  ordinary  three- 
pipette  Orsat  apparatus,  the  unburned  hydro(arl)on  gases 
are  not  detected,  or,  in  other  words,  they  aj'pear  erroneous- 
ly as  nitrogen.  If  these  unburned  hydrocarbon  gases  are 
present  in  large  quantities,  as,  for  instance,  when  a  coal 
containing  a  high  percentage  of  volatile  matter  is  burned 
in  a  poorly  designed  furnace  and  with  an  insufficient  air 
supply,  they  produce  a  condition  known  to  every  Orsat 
oi)eriitor  as  "low  totals."  Another  cause  for  low  totals 
is  the  h3'drogen  in  the  coal.  Hydrogen  requires  for  com- 
bustion eight  times  its  weight  in  oxygen  or  thirty-five 
times  its  weight  in  air  and  the  ])ro(luct  of  its  combus- 
tion is  water  (HjO),  which,  of  course,  di«s  not  appear 
in  the  Orsat  analysis.  .Those  who  have  analyzed  ga.ses 
from  boilers  in  wliich  natural  gas  is  used  as  fuel  are,  no 
doubt,  familiar  with  the  very  low  totals  obtained,  due  to 
the  high  percentage  of  hydrogen  in  this  fuel. 

When  Mr.  Pohlman  in  his  calculation  states  that  14.7 
per  cent,  of  CO,  is  tlie  theoretical  maximum  for  coal  con- 
taining 70  ])cr  cent,  of  fixed  carbon,  he  neglects  to  take 
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into  consideratiou  the  composition  of  the  remaining  85.3 
per  cent,  of  the  flue  gases.  There  could  in  such  a  case 
be  no  free  oxygen  or  carbon  monoxide  present ;  otherwise 
combustion  would  not  be  perfect  and  if  this  85.3  per  cent. 
was  truly  nitrogen,  what  has  become  of  the  oxygen  which, 
in  the  form  of  air,  might  account  for  the  presence  of  this 
unduly  large  amount  of  nitrogen  ? 

A  simple  calculation  will  show  the  impossibility  of  this 
combination : 

85.3  X  fi  =  2''-'^  pi-'i'  i^e>it-  of  oxygen 
In  other  words,  22.7  per  cent,  of  oxygen  must  have  origi- 
nally accompanicxl  the  85.3  per  cent,  of  nitrogen  in  the 
form  of  air,  and,  since  one  volume  of  0  combines  with 
carbon  to  form  one  volume  of  CO,, 

32.7  —  14.7  =  8  per  cent,  of  0 
which  must  have  disappeared  from  Mr.  Pohlman's  cal- 
culation. In  order  that  this  disappearance  might  be  due 
to  the  presence  of  hydrogen  there  would  be  required,  by 
a  somewhat  complicated  calculation,  approximately  16  per 
cent,  of  hydrogen  in  the  coal.  This  is,  of  course,  an  ab- 
surdity, since  the  available  hydrogen  content  of  a  coal 
containing  70  per  cent,  of  fixed  carbon  is  only  about  4.5 
per  cent. 

The  writer  is  of  the  opinion  that  the  available  or  theo- 
retical percentages  of  CO,  are  not  the  criterion  in  an  ef- 
fort to  approach  perfect  combustion.  A  more  suitable 
method  of  procedure  is  to  practically  disregard  the  CO3 
and  depend  entirely  on  the  0  and  CO.  Perfect  combus- 
tion is  approached  as  these  two  quantities  approach  zero, 
but  since  the  CO  has  a  tendency  to  increase  as  the  0  de- 
creases, care  nmst  always  be  taken  to  keep  the  former 
within  proper  bounds ;  otherwise  the  loss  on  one  side  will 
more-  than  offset  the  gain  on  the  other. 

C0„  recorders  are  of  value  only  when  the  nearest  pos- 
sible approach  to  perfect  combustion  has  been  determined 
by  means  of  complete  flue-gas  analyses  and  careful  study. 


E.  J.  Billings. 


St.  Louis,  Mo. 


A.  Pohlman's  letter  on  available  carbon-dioxide  per- 
centages contained  some  statements  which  appear  to  be 
based  on  a  slight  misunderstanding  of  the  principles  of 
combustion.  It  is  quite  correct  that  pure  carbon  burned 
in  air  under  laboratorj'  conditions  would  produce  a  flue 
gas  with  a  maximum  of  21  per  cent,  of  CO,.  It  is  also 
true  that  most  coals  would  not  produce  that  amount  of 
CO,  when  burned  under  the  most  favorable  conditions. 
The  maximum  amount  of  CO,  obtainable  cannot  be  ob- 
tained in  the  simple  manner  stated,  i.e.,  by  multiplying 
the  percentage  of  fixed  carbon  by  0.21. 

The  constituents  of  coal  that  are  determined  by  what  is 
known  as  a  "proximate  analysi.s"  are :  Moisture,  volatile 
matter,  fixed  carbon  and  ash.  Assuming  ideal  combustion 
for  maximum  CO,  production,  we  would  have  to  supply 
enough  air  to  furnish  oxygen  not  only  for  the  combus- 
tion of  the  fixed  carbon,  but  of  the  volatile  matter  also. 
This  volatile  matter  varies  with  different  coals,  and  is 
usually  composed  of  some  CO,,  some  free  hydrogen  and 
nitrogen,  ammonia,  sulphur  and  a  large  proportion  of 
complex  hydrocarbons,  ranging  all  the  way  from  benzene 
and  methane  to  anthracene  and  the  heavy  tars. 

It  is  evident,  therefore,  that  there  is  much  carbon  in 
this  volatile  matter,  and  that  its  combustion  will  produce 
CO,,  which  will  swell  the  total  produced  from  the  fixed 


carbon.  Assuming  3  per  cent,  moisture,  30  per  cent,  vola- 
tile, 60  per  cent,  fixed  carbon  and  7  per  cent,  ash,  the 
CO2  from  the  volatile  will  be  about  one-fifth  of  the  total 
COj.  This  is  based  on  the  assumption  that  the  volatilfi 
matter  is  one-half  carbon  by  weight  and  this  is  a  con- 
servative estimate. 

The  remainder  of  the  volatile  matter,  the  hydrogen,  sul- 
phur and  ammonia  will  consume  oxygen  without  produc- 
ing a  corresponding  amount  of  COj,  and,  therefore,  would 
dilute  the  flue  gases,  thereby  reducing  the  percentage  of 
CO,.  This  diltttion  would  not  be  in  direct  proportion  to 
the  relative  percentages  of  carbon  and  hydrogen.  One 
unit  of  carbon  requires  two  and  two-thirds  its  weight  of 
oxygen  for  combustion,  while  a  unit  of  hydrogen  requires 
eight  times  its  weight  of  oxygen  for  combustion.  The 
relation  between  volatile  matter  and  carbon-dioxide  per- 
centages is,  therefore,  not  nearly  so  simple  as  the'  for- 
mula Mr.  Pohlman  assumes. 

The  percentage  of  moisture  and  ash  wottld  tend  fur- 
ther to  complicate  the  calculation  of  the  carbon  dioxide 
obtainable  from  the  fixed  carbon  in  the  coal.  So  far  a^ 
the  combustion  is  a  purely  chemical  reaction,  they  an^ 
absolutely  inert.  In  other  words,  if  we  took  a  pound  of 
pure,  dry  carbon  and  burned  it  completely  with  the  right; 
amotmt  of  air,  we  would  get  the  same  heat  value  and  the 
same  CO,  value  as  we  would  if  the  pound  of  carbon  was 
well  ground  and  mixed  with  inert  matter  like  sand,  clay, 
limestone,  etc.,  which  would  closely  resemble  the  ash  in 
ordinary  coal. 

Mr.  Pohlman  well  states  that  the  determination  of  CO 
is  important.  It  would  seem  that  the  percentage  of  oxy- 
gen in  the  flue  gas  is  equally  important.  One  constituent 
shows  if  there  is  a  deficiency  of  air,  and  the  other  if 
there  is  an  excess.  It  is  well  known  that  there  must  be 
considerable  excess  air  with  most  coals  and  boiler  designs, 
but  no  definite  rules  can  be  laid  down.  Each  coal  and 
each  boiler  design  and  setting  modify  the  conditions  to 
such  an  extent  that  only  an  actual  test  will  furnish  ac- 
curate information.  Only  enough  excess  air  should  be 
added  to  keep  the  CO  less  than  three  or  four-tenths  of  1 
per  cent. 

It  should  be  stated  in  this  connection  that  it  has  been 
found  in  most  cases  that  the  above  conditions  are  best 
realized  when  the  CO,  content  is  the  highest.  This  is  so 
because  any  decrease  in  the  amount  of  air  below  the  most 
efiicient  figure  would  reduce  the  COj  by  the  formation  of 
CO,  from  lack  of  oxygen.  On  the  other  hand,  any  in- 
crease in  air  would  dilute  the  gases  so  that  the  COj  would 
be  lowered.  A  complete  analysis  should  be  made  at  con- 
venient intervals  as  a  check  on  the  CO,  recorder,  and  to 
insure  the  proper  combustion  of  the  fuel. 

C.  H.  SOUTHEKX. 

Birmingham.  Ala. 


Names  for  Steam  Stuff 

Supplementing  my  letter  in  the  Apr.  8  issue,  suggest- 
ing "liydrol"  as  a  name  for  wet  steam  stuff,  how  is  ''hy- 
perdrol"  for  superheated  steam  or  "pyr-hydrol"?  It  is 
made  up  of  hyper  -f  hydrol,  or  it  can  be  hy  +  (pyr  = 
fire)  +  drol  =  hyperdrol  or  pyrhydrol. 

Eeally  the  last,  "pyrhydrol."  is  the  better. 

C.  S.  Palmer. 

Newtonville,  Mass. 
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Ball-Gage    Cook    Packing — What 
ball-gage   cocks? 


the    best    packing    for 


Most   ball-gage   cocks   are   made   to   receive  sheet   packing. 
Plumbago    sheet    packings    are    preferred    by    many. 


Pnmplng    Water    from    .\Ir-Tlsht    Elevated    Tank — Can    all 

of   the   water  be   pumped   from   an   air-tight    tank    15   ft.   above 
the    pump? 

E.  J.  K. 
All   of  the   liquid  water  could   be   pumped   out,    but  a   vapor 
of   water   would    fill    the    space    after    the    water    was    removed 
from  the   tank,   all   of  which   could   not   be  pumped  out. 


Tungsten  Lamp  Discoloration — Why  do  some  tungsten 
lamps,  after  burning  for  some  time,  appear  as  though  the 
inner  surface  of  the  globe  is  plated  with  copper? 

T.    H.   W. 

Lamp  manufacturers  seem  to  disagree  upon  the  composi- 
tion of  this  deposit.  Some  claim  that  it  is  an  oxide  of  tung- 
sten due  to  the  presence  of  the  trace  of  air  it  is  impossible 
to  exhaust  from  the  bulb.  Others  attribute  it  to  impurities 
in  the  tungsten  which  have  vaporized  out  under  the  high 
temperature    and    condensed    on    the    glass. 


Erratic  Safety  Valve — A  4-in.  lever  safety  valve  ground 
tight  in  its  seat,  set  to  blow  at  100  lb.,  starts  to  blow  at  SO 
lb.  and  will  not  stop  until  the  pressure  falls  to  60  lb.,  unless 
the  valve  is  pressed  down  to  its  seat.  When  additional  weight 
is  put  on  the  valve  it  will  not  blow  at  100  lb.  What  is  the 
matter   with   the   valve? 

H.   F. 

The  valve  may  be  ground  tight,  but  has  not  a  good  straight 
beveled  seat  all  around.  It  probably  has  been  ground  round- 
ing, for  the  action  described  is  due  to  the  valve  getting  cocked 
on  its  seat. 


CorllMs  Daxbiiot — What  is  the  function  of  the  dashpot  on 
a  Corliss  engine   and  how  does  it  work? 

J.   P. 

Its  main  purpose  is  to  quicken  the  action  of  the  steam 
valves  in  cutting  off.  A  dashpot  works  similarly  to  a  piston 
working  in  an  air  cylinder.  On  the  upstroke  it  holds  the 
valve-releasing  gear  to  its  position,  and,  a  partial  vacuum 
being  formed  in  the  dashpot  during  the  upstroke,  the  piston 
is  forced  down  in  the  cylinder  by  atmospheric  pressure  as- 
sisting the  cutoff  to  quicker  action.  The  dashpot  itself  is 
cushioned  on  its  down  stroke  by  a  small  amount  of  air  ad- 
mitted under  it  during  its  upstroke  by  a  small  cock  provided 
for  that  purpose. 


Required  Slie  of  ^VI^e — Some  machinery,  situated  about 
200  ft.  from  the  dynamo  (334-kw.,  shunt-wound,  direct-cur- 
rent, 30-amp.,  125-volt)  is  to  be  driven  by  a  5-hp.  motor.  Is 
it  allowable  to  connect  the  motor  on  the  same  circuit  with 
four    16-cp.    lamps?      What   size    wire    should   be    used? 

B.   F.  H. 

The  motor  may  be  connected  on  the  same  circuit  with  the 
lights.  The  size  wire  to  be  used  will  depend  largely  upon  the 
voltage  drop  allowed  between  the  generator  and  motor.  Al- 
lowing a  drop  of  three  volts  a  No.  4  wire  might  be  used. 
This  Is  capable  of  carrying  65  amp.,  if  rubber  covered,  and 
92  amp.,  if  covered  with  weatherproof  braid.  A  No.  6  wire 
which,  rubber  covered,  may  carry  46  amp.  and.  weather- 
proofed,  65  amp.,  will  cause  a  drop  of  5  volts  between  the  two 
machines.  With  smaller  wires  the  drop  would  be  greater. 
The  No.  6  wire  would  be  large  enough.  It  would  carry  a  60 
per  cent,  overload  without  serious  heating  and  the  generator 
could  easily  be  excited  to  give  5  volts  higher  pressure  than 
required   by  the  motor. 


CorlloN  Vnlve  Advantaeea — What  advantages  have  Corliss 
valves  iiv.r  slide  valves?  What  advantages  have  they  in  con- 
densing   engines? 

J.    P. 

Corliss-valve  advantages  are  mainly  that  they  offer  less 
frictlonal  resistance  to  motion  than  slide  valves:  that  they 
are  controllable  directly  from  the  governor:  that  they  can 
be  operated  and  regulated  by  the  governor  so  as  to  remain 
wide    open    until    the    proper   point    of   cutoff   Is   reached,    and 


will  close  quickly  with  little  or  no  wire-drawing  effect;  that 
they  allow  shorter  steam  passages  and  less  percentage  oX 
clearance  space.  Their  advantage  in  condensing  engines  is 
that  they  can  be  made  to  give  a  sharp  cutoff  without  wire- 
drawing the  steam,  and,  consequently,  a  full  effect  of  expan- 
sion in  the  high-pressure  cylinders  and  give  a  full  opening  of 
the  valve  until  the  point  of  cutoff  in  the  lo^tv-pressure  cylin- 
ders. Another  advantage  is  that  with  Corliss  valves  the  ex- 
haust valves  being  placed  on  the  bottom  of  the  cylinders 
there  is  less  danger  of  water  accumulating  in  the  cylinders, 
because    the   exhaust    ports    afford    drainage    by    gravity. 


L,oss  of  Voltage — A  shunt  field  dynamo  (33  kw.,  1125  r.p.m.. 
250  volts.  SO  amp.)  loses  about  50  volts  in  four  hours'  running 
under  load  with  the  rheostat  turned  as  far  as  it  will  go. 
When  the  load  is  off  it  will  excite  to  300  volts.  It  gets  very 
warm  but  not  injuriously  hot  when  the  load  is  on.  The  engine 
does  not  decrease  in  speed.      What   is   the  trouble? 

P.   S. 

From  the  symptoms  the  loss  in  voltage  is  due  primarily 
to  friction  of  the  brushes,  causing  them  to  heat  up  and  chat- 
ter and  also  deposit  carbon  on  the  commutator.  This  in- 
creases the  resistance  and  tends  to  reduce  the  voltage.  An 
application  of  oil  to  the  commutator  when  warm  would  prob- 
ably remedy  the  trouble.  It  should  be  put  on  sparingly  with 
a  piece  of  canvas  or  other  material  that  will  not  deposit  lint. 
Graphite  brushes  also  might  help.  If  the  commutator  is 
rough,  it  should  be  smoothed. 


Pressure  In  Standpipe — Referring  to  the  accompanying 
diagram,  what  will  be  the  readings  of  the  three  gages  as 
shown  when  the  capped  standpipe  is  entirely  filled  with 
water?  What  would  be  the  readings  if  the  gage  pipes  were 
first  drained  of  all  water  before   the   valves   were   opened? 

W.    F. 

The  pressure  at  the  water  level  is  atmospheric  (14.7  lb., 
or  33.947  ft.,  or,  roughly,  34  ft.)  At  any  point  in  the  stand- 
pipe  the  absolute  pressure  will  be  less  than  that  equivalent 
to  a  head  of  34  ft.  by  the  height  of  the  point  under  consid- 
eration above  the  free  water  level.     Where  the  gage  pipe  at- 


&, 


Capped  standpipe 
eniirely  filled  wj-fh 


y    Wafer  Level 


taches.  therefore,  the  absolute  pressure  will  be  equivalent  to  a 
head  of 

34  —  10    =    24   ft. 
This,    then,    will    be    the    reading    of    gage    B.      Gage   A   being 
5  ft.   higher.  Its  reading  will  be  5  ft.  less,  or  19  ft,,  and  gage 
C  being  5  ft.  below  B,   its  reading  will  be  29  ft. 

It  the  gage  pipes  were  first  drained  of  water  they  would 
become  filled  with  air  at  atmospheric  pressure.  Thereafter, 
If  the  valves  were  opened  some  of  this  air  would  escape  Into 
the  standpipe  until  the  pressures  wiTe  again  balanced.  AVater 
would  displace  all  air  In  the  horizontal  pipe  and  the  vertical 
pipe  on  gage  C.  The  air  In  the  pipe  of  gage  A  would  remain 
pocketed.  The  pressure  on  gage  B  would  bo  24  ft.,  as  Tjefore; 
on  gage  C  29  ft.,  as  before,  but  on  gage  A  It  would  be  the 
same  as  on  gage  B,  24  ft.,  except  for  the  subtraction  of  a 
head   of  air   of   5   ft.,    which   would   be    negligible. 
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Analysis  of   Coal 

Those  who  tackled  the  problems  given  in  the  conclud- 
ing paragraphs  of  the  last  section  may  be  anxious  to 
kuow  how  they  succeeded,  so  we  will  work  out  the  answers 
now  before  getting  down  to  the  subject  of  the  day. 

Substituting  in  the  formula  preceding  the  questions, 
the  weights  of  carbon  and  hydrogen  per  pound  of  coal 
given  in  the  problem,  we  have 

W  =  11.52  C  +  34.56  (m  — -gj 

/    .-        0.02\ 
W  =  11.52   X   0.7875  +  34.56  (U.Oo ^\ 

W  =    (11.52    X    0.7875)    +    (31.56    X   0.0475) 
ir  =  9.07  +  1.64  =  10.71  lb. 
air  required  per  pound  of  coal.     As  the  weight  of  the 
products  of  combustion  always  equals  the  weight  of  air 
required  plus  the  weight  of  the  combustibles  themselves, 
we  have 

Wt.  of  air  required  +  Wt.  of  carbon  +  l''-  of  available 
hydrogen  =  Wt.  of  products  of  combustion 
10.71  +  0.7875  +  0.0475  =  11.54  lb. 
In  finding  the  weight  of  air  required  for  the  combus- 
tion of  the  fuel  oil,  exactly  the  same  formula  is  used  as 
in  the  case  of  coal,  except  that  the  available  hydrogen, 
0 


represented  by  the  term  H 
suit,  our  work  is  simplified, 

ir  =  11.52  C  +  34.56 


,  is  given  and,  as  a  re- 


H 


-^) 


TT  =  (11.52  X  0.8485)  +  (34.56  X  0.1115) 
ir  =  9.77  +  3.85  =  13.63  lb. 

of  air  required  per  pound  of  oil.  And,  in  the  same 
way  as  before,  the  weight  of  the  products  of  combustion 
are 

\\'t.  of  air  required  +  Wt.  of  carbon  +  ^Vt.  of  available 
hydrogen  =  ll'f.  of  products  of  combustion 
13.62  +  0.8485  +  0.1115  =  14.58  lb. 
According  to  the  definition  previously  given,  a  B.t.u., 
or  unit  of  heat  measurement,  is  the  amount  of  heat  re- 
quired to  raise  the  temperature  of  1  lb.  of  water  1  deg.  F. 
In  the  third  problem  there  are  7575  lb.  of  water  per  hour 
to  be  raised  in  temperature.     Then, 

197.5  —  73  =  124.5  deg. 
7575  X  124.5  =  943,087  B.t.u. 
are  being  put  into  the  water  per  hour. 

Coal  Analysis 

When  you  analyze  a  fuel  you  find  out  what  it  is  com- 
posed of.  In  previous  lessons  we  saw  that  the  com- 
bustible or  burnable  makeup  of  all  fuels  consists  of  a  few 
elements:  Carbon,  hydrogen  and  sulphur.  Besides  these 
combustibles  a  fuel  contains  oxygen,  nitrogen  and  ash. 

Xow  as  the  heat  value  of  a  fuel  depends  upon  the 
amount  of  carbon,  hydrogen  and  to  a  slight  extent  sul- 


phur which  it  contains,  it  may  be  important  to  know 
what  the  analysis  or  makeup  of  a  given  fuel  is  so  as  to 
be  able  to  estimate  what  amount  of  heat  ought  reasonably 
to  be  expected  froni  its  combustion  under  the  boiler. 

Ultimate  Analysis 

There  are  two  kinds  of  fuel  analysis;  they  are  called 
ultimate  analysis  and  promixate  analysis.  The  ultimate 
analysis  tells  the  amount  of  carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur  and  ash  which  the  dry  fuel  contains. 
In  other  words,  ultimate  analysis  means  complete  analysis, 
giving  the  proportions  of  all  the  constituents. 

To  make  an  ultimate  analysis  requires  expert  skill, 
costly  apparatus  and  a  much  more  advanced  knowledge 
of  chemistry  than  we  need  for  our  study  here.  Ultimate 
analyses  are  seldom  attempted  by  any  but  expert  chem- 
ists in  regular  laboratories  suitably  fitted  for  the  pur- 
pose. However,  reports  of  ultimate  analyses  of  the  coal 
or  oil  of  a  certain  district,  seam  or  mine  are  often  avail- 
able, and,  consequently,  it  is  well  to  know  what  an  ulti- 
mate analysis  is  and  how  to  use  it  in  estimating  the  heat 
value  of  a  given  fuel. 

Piioxi-MATE  Analysis 

The  approximate,  or  as  it  is  usually  called,  proximate 
anah'sis,  gives  the  amounts  or  percentages  of  moisture, 
volatile  matter,  fixed  carbon  and  ash  contained  in  the 
fuel. 

Coal  is  about  the  only  fuel  to  which  the  proximate  an- 
alysis is  applied,  although,  of  course,  the  proximate  an- 
alysis of  any  solid  fuel  can  be  made.  The  proximate 
analysis  of  fuel  oil  is  practieall}'  useless  as  in  the  aver- 
age case  there  would  be  but  one  item,  the  oil  being  nearly 
all  volatile  matter. 

The  moisture  is,  of  course,  the  amount  of  water  which 
the  coal  has  soaked  up  and  this  is  liable  to  vary  in  a 
given  coal  from  time  to  time,  depending  on  the  way  the 
coal  is  stored,  state  of  the  weather,  etc. 

The  volatile  matter  consists  principally  of  the  liydro- 
carbons  described  in  the  first  lesson  on  this  subject.  When 
we  say  that  a  thing  is  volatile,  we  mean  that  it  can  be 
changed  from  the  solid,  the  semi-solid  or  from  the  liquid 
state  into  a  vapor  fairly  easily,  and  without  having  its 
nature  changed ;  that  is,  without  undergoing  a  chemical 
change.  Quicksilver,  or  mercury,  is  a  liquid-like  metal 
which  can  be  turned  into  a  vajior,  therefore,  mercury  is 
volatile. 

In  fuels,  the  hydrocarbons  can  be  changed  into  vapors 
at  fairly  low  temperatures  and  driven  ofi  without  being 
burned,  hence,  they  are  called  volatile.  These  hydro- 
carbons exist  in  a  great  variety  of  form ;  that  is,  although 
they  all  consist  of  nothing  but  hydrogen  and  carbon,  the 
proportion  of  each  varies  greatly,  making  substances  of 
ditferent  characteristics.  Thus,  marsh  gas,  or  methane, 
has  the  chemical  formula  CH^ ;  acetylene,  C\Tl., ;  defiant 
gas,  C,H^;  ethane,  CoH,,,  etc.  Each  combination  has  its 
own  physical  qualities.     Some,  known  as  '"light"  hydro- 
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carbons,  have  the  qualitj^  of  vaporizing  at  fairly  low  tem- 
peratures while  others,  known  as  '"heavy"  hydrocarbons, 
do  not  vaporize  until  the  temperature  becomes  very  high. 
For  instance,  gasoline  is  a  very  light  hydrocarbon,  as  it 
changes  into  a  vapor  at  about  200  deg.  F.,' while  cylinder 
oils  are  composed  of  heavy  hydrocarbons  because  they 
remain  liquid  at  temperatures  as  high  as  600  deg. 

The  fixed  carbon  is  tlie  pure  or  uncombined  carbon 
which  remains  after  the  heating  process  has  vaporized  the 
hydrocarbons;  it  can  be  driven  off  only  by  actual  burn- 
ing and  not  by  any  process  of  vaporizing  or  distillation. 

The  ash  is  simply  the  unburnable  solid  matter  which 
fuel  contains,  and  consists  principally  of  slate,  dirt,  etc. 

The  proximate  analysis  is  not  difficult  to  make  and  it 
is  valuable  in  comparing  one  lot  of  coal  with  another,  in 
estimating  the  heat  value  and  in  checking  up  furnace 
operation. 

The  proximate  analysis  consists  simply  of  heating  an 
accurately  weighed  sample  at  a  low  temperature,  for  a 
c-ertain  length  of  time  to  dry  out  the  moisture.  The 
sample  is  then  weighed  again ;  the  loss  in  weight  divided 
liy  the  original  weight  is  taken  as  the  percentage  of  mois- 
ture. The  second  heating  (at  a  higher  temperature  this 
time)  and  the  third  weighing  give  the  volatile  matter. 
And  from  the  third  heating  (at  high  temperature)   and 
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fourth  weighing,  the  fixed  carl)on  and  ash  are  doTorminod. 
Details  of  the  method  will  be  given  later. 

Taking  thi:  Samim.e 

There  are  really  two  steps  to  be  taken  in  securing  a 
proximate  analysis:  First,  selecting  the  sample;  second, 
making  the  analysis  itself.  The  reliability  of  the  results 
de])cnds  u]Jon  the  care  taken  with  cacli   stc]). 

In  selecting  the  sample,  the  object  is  to  secure  a  small 
quantity  of  coal  which  represents  the  average  character 
of  a  very  large  quantity.  If  the  coal  were  of  uniform 
character  all  the  way  through,  or  if  the  lot  to  be  sami)lcd 
cou'd  be  thoroughly  mixed  or  stirred,  it  would  be  an 
easy  matter  simply  to  ])ick  u])  a  few  lumps  or  handfuls 
at  any  convenient  point  and  use  them  as  the  sample  to 
analyze.  But  as  such  is  not  the  case  it  is  necessary  to 
select  many  small  quantities  from  all  parts  of  the  lot, 
of  such  size  that  when  all  are  put  together  the  i)ile  will 
be  small  enough  to  thoroughly  turn  and  mix  after  wbic  h 
a  suitable  sample  can  be  taken  therefrom.  Xo  exact  rules 
can  be  ofFered  to  suit  all  cases,  and  the  method  of  sam- 
ping  must  be  adapted  to  the  local  conditions.  Tf  the 
quantity  of  coal   to  be  sampled   is  large,  care  must   lie 


taken  to  avoid  making  the  sample  pile  too  large  to  work 
thoroughly,  yet,  at  the  same  time,  the  pile  must  be  com- 
posed of  as  many  small  samples  as  possible  in  order  that 
it  will  closely  represent  the  real  character  of. the  coal. 

One  commonly  used  method  where  coal  is  received  in 
carload  lots  is  to  make  a  corer  which  can  be  driven  down 
through  the  coal  in  several  places  in  the  ear.  This  method 
gives  samples  of  the  coal  from  top  to  bottom  at  the  vari- 
ous points,  and  when  thoroughly  mixed  these  samples 
may  be  taken  as  a  fair  average  for  the  whole  tar.  The 
corer  may  be  made  out  of  heavy  2-  or  2V2-in.  iron  pipe,  o 
or  6  ft.  long,  sharpened  at  one  end  and  with  tlie  other 
end  capped  or  reinforced  so  that  it  can  be  driven  with  a 
sledge.  Enough  samples  sliould  be  taken  with  the  corer 
to  make  a  large  sample  of  50  to  100  lb.  Any  lumps  in 
this  large  sample  should  then  be  crushed  so  that  there 
are  no  pieces  larger  than  I/2  'i^-  diameter,  after  which  the 
sample  should  be  thoroughly  mixed  and  "quartered  down" 
until  about  5  lb.  remain. 

This  "quartering  down"  is  done  by  spreading  the  sam- 
ple out  thin  in  the  shape  of  a  circle;  dividing  this  cir- 
cle into  quarters,  and  throwing  away  the  first  and  third 
quarters,  as  shown  in  Fig.  1.  Thus,  the  quantity  is  re- 
duced one-half.  The  two  remaining  quarters  are  then 
mixed  thoroughly,  spread  out  and  again  quartered.  This 
process  is  continued  until  the  remainder  of  the  sample 
is  of  the  desired  size. 

If  the  sample  is  not  to  be  analyzed  right  away  it  shouhi 
be  put  into  a  glass  jar  or  a  tin  tiffed  with  a  tight  cover 
raid  stored  in  a  reasonably  cool  place  until  used. 

Annual  Dinner  of  Heating  Engineers 

j\Iay  Iv  was  the  date,  and  the  jilace  was  the  Engineers' 
Club.  The  annual  dinner  of  the  New  York  Chapter  of 
the  American  Society  of  Heating  and  Ventilating  Engi- 
neers was  a  great  success.  Just  14S  enthusiastic  rooters 
sat  down  to  table  and  under  the  skillful  guidance  of  the 
jovial  toastmaster.  Homer  Addams,  spent  a  most  enjoy- 
able evening. 

After  the  cigars  and  cotfee  stage,  C.  R.  Place  was  called 
upon  to  explain  the  mysteries  of  the  Grand  Central  Sta- 
tiiin.  which  covers  an  area  of  80  acres.  Three-wire,  direct- 
current  service  and  forced  hot-water  heating  are  supplied 
through  a  series  of  tunnels  from  a  central  station.  The 
water  travels  7000  ft.  to  sujijily  500,000  .sq.ft.  of  radia- 
tion and  for  the  coming  winter  100.000  sq.ft.  of  radiation 
in  the  Belmont  Hotel  will  be  added.  .Ml  heating  is  doiu^ 
by  direct  radiation,  ainl  \c'ii1  ihit  inn,  with  air  washers  and 
humidity  control,  is  en'celcd  with  teiiipei-ed  air.  The  two 
track  levels  below  the  surface  are  supplied  wiih  1.000,000 
cu.ft.  of  air  ])er  minute. 

.lohn  F.  Hale  spoke  of  the  old  days  in  Chicago  when 
(he  first  chapter  of  the  society  was  formed,  aiui  I'om- 
mentecl  on  the  rcniarkuble  gniwlb  of  the  New  York 
cha])ter.  Their  influence  and  that  of  the  iioslon  chapter 
had  been  a  salient  factor  in  the  siu'cess  of  the  jiarent  body. 
Before  their  organization  it  bad  been  hard  to  get  together. 
JIucli  was  left  for  the  animal  iiicetiiig  and  very  little  was 
ncconiplishcd. 

"Industrial  Education"  was  the  topic  of  F.  (i.  McCann, 
president  of  the  clia]>ter.  He  is  greatly  in  favor  of  the 
vocational  school,  where  the  aptitude  of  the  ]iupil  is 
sought,  and  be  is  Iraiiicil  in  llir  partic  ular  line  to  which 
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he  is  best  suited.  Besides  learning  a  trade  the  student 
is  instructed  in  citizenship  and  is  developed  into  excel- 
lent material  for  a  thoroughly  good  mechanic. 

In  these  days  specialization  is  so  marked  that  there  is 
no  place  for  the  apprentice.  One  gang  may  rough  in  the 
installation,  another  put  in  the  risers,  still  another  the  fix- 
tures, a  fourth  the  brass  work  and  so  ou.  Each  gang  be- 
comes expert  in  their  own  particular  work  and  are  kept 
at  it.  An  apprentice  might  work  for  years  and  only  be- 
come familiar  with  one  phase  of  the  subject. 

In  the  past  Great  Britain  has  supplied  many  of  the 
best  steam  fitters  and  plumbers.  The  loss  of  her  best  men 
was  the  cause  of  a  raise  in  wages,  so  that  she  is  now  hold- 
ing on  to  theni  and  we  must  look  elsewhere.  The  trade 
schools  of  some  of  the  larger  companies  have  not  worked 
to  their  own  advantage.  The  cooperative  school  in  Cin- 
cinnati has  given  good  results,  but  there  most  of  the  man- 
ufacturers are  engaged  in  the  one  line  of  machine-tool 
building.  In  New  York  it  would  be  difficult  to  get  to- 
gether all  the  firms  of  one  line  without  considering  the 
others,  so  that  the  same  system  would  probably  result  in 
failure. 

The  broad  training  obtained  in  vocational  schools  is  de- 
sirable and  it  is  to  them  that  we  must  look  for  the  best 
material  to  carry  on  our  trades. 

A.  S.  Armagnac  talked  '"shop,"  his  subject  being  "Pub- 
licity." He  referred  to  the  unfortunate  condition  of  the 
public  and  the  engineer  not  getting  together  on  a  com- 
mon basis.  The  public  will  not  talk  in  engineering  terms 
and  the  engineer  sticks  to  the  phraseology  of  his  pro- 
fession. A  little  cooperation  is  needed.  Chicago  has  a 
heating  and  ventilating  engineer  and  so  has  Cleveland. 
Every  city  in  the  country  should  have  a  board  of  heating 
and  ventilating  engineers.  This  is  publicity  of  the  right 
kind,  and  to  obtain  results  the  members  of  the  chapter 
and  the  parent  body  must  pull  together  and  boost  the 
cause. 

The  "kid  in  engineering,"  George  G.  Schmidt,  spoke  of 
the  difficulties  encountered  by  the  young  man.  He  ap- 
pealed to  the  kids  of  yesterday  to  "loosen  up"  and  give 
the  novice  the  benefit  of  their  experience.  Books  were  at 
hand  and  plenty  of  them,  but  the  older  men  of  experience 
were  needed  to  pick  out  the  "coal."  A  course  in  heating 
and  ventilation  conducted  at  the  headquarters  of  the 
chapter  was  suggested. 

Dr.  H.  H.  Franklin  was  the  last  speaker.  His  sub- 
ject was  "Purification,"  and  was  illustrated  with  numer- 
ous stories  that  were  right  to  the  point,  and  brought  home 
to  his  listeners  the  proper  use  and  benefits  of  ozone. 


EXGINEERING  THERMODYNAMICS.  By  Dr.  Charles  B. 
Lucke.  McGraw-Hill  Book  Co..  New  York.  Cloth;  11S8 
pages.  6x91/4  in.:  328  illustrations:  tables:  indexed. 
Price    $8. 

AIR  COMPRESSION  AND  TRANSMISSION.  Bv  H.  J.  Thorkle- 
son.  McGraw-HiU  Book  Co.,  New  York.  Cloth:  201 
pages,  GxSVo  in.:  143  illustrations:  plate;  tables:  indexed. 
Price   $2. 

PRACTICAL  MATHEMATICS.  Part  IV.  Bv  Claude  I.  Pal- 
mer. McGraw-Hill  Book  Co.,  New  York.  Cloth;  147 
pages,  414x7  in.;  68  illustrations;  tables;  indexed.  Price 
75    cents. 

A  new  heat  indicator  is  a  bright  red  paint  which  turns 
almost  black  before  reaching  the  boiling  point  and  resumes 
its  normal  color  when  it  cools  again. — "Compressed  Air  Mag- 
azine." 


OVER    THE    SPILLWAY 

■JUST     JESTS,     JABS.     JOSHES     AND     JUMBLES 


In  a  convention  city  recently  an  enterprising  but  tactless 
dry  goods  dealer  displayed  this  sign: 

OUR  VISITING  DELEGATES  SHOULD  AVAIL  THEMSELVES 

OF   OUR   OFFER   FOR   THIS  DAY  ONLY: 

SHIRTS    RETAILED    AT    WHOLESALE    PRICES. 

Across  the  store  front  was  this  one: 

FORCED    TO    RETIRE,      TROUSERS    ONE-HALF    OFF! 

The  latter  is  one  good  reason   for  retailing  the  shirts. 

Y'ou  eat  pie  with  your  lunch?  Then  watch  out  for  a 
feller  the  pure-fooders  caU  Ben  Zoate,  of  Sody,  wherever 
that  is.  Of  course,  it  your  brand  is  the  good  old  home- 
made product  that  mother  used  to  mold,  you're  in  right;  if 
your  pie  is  molded  in  a  pie  foundry  or  after  a  chemist's 
formula,  the  pure-fooders  say  you're  in  danger  of  being 
pizened,    sure. 

Can  you  can  power?  You  can  power,  Rollo,  if  you 
can  call  a  battery  a  can.  Everything  is  canned  these  days 
from  suds  to  songs,  from  lobster  to  illumination.  Frinstance, 
supposing  you  are  eating  up  the  road  at  60  miles  an  hour  on 
your  way  to  work  in  your  auto  and  suddenly  your  standard- 
ized batteries  give  out.  You  stop  at  a  garage.  To  have  them 
recharged  and  wait  steen  hours?  Can  that  old  stunt!  Your 
batteries  are  whipped  out,  other  standardized  and  charged 
batteries  are  whipped  in,  you  throw  in  the  clutch — and  you're 
oft  ag'in,  Finnigin.  Canned  power  did  it.  Don't  believe  it? 
"U'ell,  by  the  time  some  of  us  have  bought  an  electric  car 
(meaning  a  motor  car)  this  will  have  come  to  pass;  perhaps 
sooner.     The   scheme   sounds   feasible — and  fees-ible. 

A  special  tug  has  been  built  to  assist  in  "nosing  in"  the 
"Imperator"  when  she  comes  to  New  York,  The  tug  is  118 
ft.  long,  27.5-ft.  beam,  and  has  1100-hp.  in  engines.  Its  speed- 
is  14   knots. 


CONVENTION    TIME 
By  Billy  Spins 

It's  here  at  last  for  some  of  us!  So  let's  dust  the  old  suit- 
case, pack  our  extra  shirt  and  socks,  our  type\vritten  speech, 
a  flask  of  good  "lining  for  our  under-flannels,"  our  return 
ticket  and  some  stogies,  and  we'll  be  all  dolled  out  for  that 
convention  "which  this  year  promises  to  exceed  all  previous 
efforts." 

The  National  Electric  Light  folks  will  be  toted  to  Chi- 
cago in  what  they  call  "pink."  "golden  poppy"  and  "maroon" 
special  trains.  WeU,  they've  got  the  kale  to  indulge  in  these 
flossy  things  if  they  want  them.     It  sure  sounds  classy. 

As  for  us,  we're  going  to  Springfield,  Yonkers,  Newark, 
Terre  Haute.  Toledo,  Milwaukee  and  elsewhere  in  the  good  old 
way.  We'll  dig  up  a  corner  in  the  smoking-car  alongside 
some  feller  that  years  ago  we  used  to  fire  with  in  the  Sunny- 
side  power  plant,  and  we'll  swap  smokes  and  our  "cure"  for 
rheumatiz;  we'll  blow  about  our  kids;  tell  what  we'd  do  with 
the  plant  if  we  owned  it.  and  fix  a  warm  place  in  Gehenna 
for  the  central-station  folk.s — if  we  belong  to  the  "isolateds"; 
we'll  have  our  little  gabfest  about  thetur-bine  and  the  re- 
ciprocating engine;  we'll  be  so  dum  glad  to  see  each  other 
that — 

Say.  bo!  the  good  old  way  is  the  only  way.  You  and  I 
don't   want   any   of  the    flossy   things    in   ours,    do   we? 

T\'e're  going  to  do  our  duty  to  old  man  Uplift  and  Mister 
Goodoftheorder  when  we  get  on  the  grounds,  and  in  between 
we'll  have  the  time  of  our  lives  for  a  few  days.  Then  when 
we  get  back  home  we're  going  to  make  ourselves  believe  that 
the  old  job  isn't  such  drudgery  after  all;  that  perhaps  we 
went  stale  or  sour  for  want  of  a  rest-up  or  a  glimpse  of  real 
scenery. 

But,  whisper!  We're  not  going  to  bring  home  even  one 
souvenir — if  we  can  help  it.  You  and  I  know  there's  always 
a  few  fellers  in  a  big  crowd  that  are  too  ding  keen  for  the 
rough  stuff,  and  sometimes  they  give  the  rest  of  us  a  bad 
name. 

And  whisper  again;  We  won't  intentionally  offend  any  well- 
meaning  party  who  forces  a  souvenir  on  us,  but  we're  starting 
out  bravely  to  do  the  right  thing,  and  we  hope  to  get  away 
with    it.      So    good    luck   be    yours,    boys — and   Prosit! 
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SAFETY  VALVE  RATING.  By  Alfred  B.  Carhart.  Pub- 
lished by  the  Crosby  Steam  Gage  &  Valve  Co..  Boston 
1913.      Cloth,    105    pages,    6x9    in.;    illustrated;    tables. 

This  interesting  book  with  the  above  title  is  just  oft  the 
press.  The  author.  Alfred  B.  Carhart,  doe.5  not  believe  in  the 
present  methods  of  rating  safety  valves.  The  rules  now  in 
common  use  for  calculating  the  proper  size  of  valve  shew 
valve  area,  and  do  not  properly  conside"  the  lift.  In  his 
opinion  it  would  be  much  simpler  and  more  satisfactory  to 
have  the  formula  indicate  the  diameter,  as  was  done  by  that 
suggested  editorially  in  "Power"  about  two  years  ago  hy  F. 
R.  Low.  In  the  first  few  pages  of  the  book  he  cites  his  ;'e:i- 
sons,   and   compares   the   rules   in   most   common   use. 

In  equipping  the  steam  boiler  ordinarily  used  for  power, 
safety  valves  are  rarely  smaller  than  3  in.  or  larger  than 
4^,-^  in.  If  for  the  four- valve  sizes  bet'ween  these  limits,  it 
might  be  assumed  or  required  that  the  lift  be  made  the 
same,  as  is  now  quite  fairly  true  in  practice,  then  Mr.  Low's 
formula   might  be   used: 


the    lift    for    each    valve    size,    and    substitute    these    values    in 
the    calculation    based    upon    the    general    equation. 


Dif 


W 

constart  X  rr 


in  which  W  equals  the  total  pounds  of  water  evaporated  per 
hour  by  the  boiler  (grate  area  X  rate),  and  P  equals  the 
al>solute  pressure  of  the  steam  in  pounds  per  square  inch.  By 
assuming  a  lift  of  0.0S75  in.  for  bevel-seated  valves,  or  0.06 
in.  for  fiat-seated  valves,  the  formula  reduces  to  the  very 
convenient    form    of 


Dia.  =  0.1 


If  it  is  thought  desirable  to  require  the  larger  valves 
to  lift  higher  than  the  smaller  sizes,  then  it  is  still  possible 
to  formulate  a  rule  in  simple  terms  which  will  give  the  com- 
mercial diameter  size  directly  and  conveniently.  When 
the  lift  is  made  a  direct  function  of  the  valve  diameter,  in- 
crea.sing  with  the  size  of  the  valve,  the  general  formula 
would    be 


D 


constant  -%/  p- 


The  objection  should  not   be  urged  that  this  formula   involves 

calculating    the    square    root    of    the    variable    quantities,    as    a 

short   table   could   be   provided   giving   the   maximum   value   of 

W 

p-    corresponding  to  each  commercial  valve  size,  and  it  would 

be  only  necessary  to  determine  or  memorize  five  or  six 
values. 

It  would  seem  desirable  not  to  make  the  lift  of  safety 
valves  increase  in  proportion  to  the  size  of  the  valves.  Such 
uniform  increase  in  lift  may  appear  to  give  a  simple  formula 
for  calculation,  but  it  does  not  work  out  well  in  practical 
application.  To  make  the  ratio  of  lift  to  diameter  variable, 
would  require  factors  of  the  second  or  third  power  in  the  cal- 
culations. 

A  new  proposal  is  that  valves  used  at  lower  boiler  pres- 
sures maj'  well  be  made  to  open  more  and  to  lift  higher  than 
valves  at  higher  steam  pressures.  The  strain  upon  the  valve 
Is  not  so  great  at  low  pressures,  yet  present  rules  assume 
that  a  certain  size  of  valve  will  always  lift  the  same  amount, 
no  matter  what  the  working  pressure  Is.  This  requires  that 
Tor  a  boiler  of  given  horsepower  at  100  lb.  working  pressure, 
the  proper  valve  must  be  almost  double  the  size  required  for 
a  working  pressure  of  200  lb.,  or  half  the  size  required  at 
50  lb.  For  at  the  lov/er  pressures  less  steam  would  be  dis- 
charged through  a  given  area  of  opening.  If  the  valve  size 
and  lift  be  fixed,  since  the  quantities  of  steam  discharged  are 
In  proportion  to  the  absolute  pressure,  according  to  Napier's 
rule. 

As  the  reaction  and  pounding  of  the  valve  or  the  wear 
upon  the  seat  Is  n.-.'ch  less  at  low  pressuri'.  the  total  spring 
load  upon  the  disk  being  less,  the  valves  might  be  allowed  to 
lift  higher  for  the  lower  steam  pressures  without  Increas- 
ing the  practical  ditllcultles.  No  rule  thus  far  proposed  takes 
this  Into  account,  yet  It  would  be  practicable  to  do  this.  All 
manufacturers  could  easily  provide  springs  for  each  pressure, 
which  would  allow  the  valve  to  lift  more  for  low  pressures 
and    restrict   the   lift    for   higher   pressures. 

Rather  than  make  the  valve  lift  vary  with  the  absolute 
pressure  It  would  be  better  to  assume  a  certain  fixed  lift  as  the 
base  of  minimum,  and  allow  an  additional  amount  which 
would  vary  Inversely  as  the  pressure,  the  total  of  these  two 
factors  being  the  permissible  total  lift  of  th<-  valve.  It  would 
only  be  necessary  to  fix  upon  the  proper  or  desirable  value  of 


D  = 


/w 


This   Is  the   rule   preferred   by   the   author. 

An  empirical  rule  is  also  suggested  in  which  the  desirable 
amount  of  valve  lift  for  each  case  might  be  determined  by 
taking  into  account  past  and  present  experience,  with  due 
allowance  for  considerations  of  absolute  safety,  the  longest 
life  and  greatest  certainty  of  satisfactory  operation  of  the 
valves,  comparing  the  various  selected  values  with  each  other 
so  as  to  make  them  suitably  proportioned  and  bearing  a  fair 
relation  to  the  present  measured  lift  of  safety  valves,  in  so 
far  as  the  practice  of  the  several  manufactures  conforms  to 
the  best  engineering  judgment  and  requirements.  Having  set 
down  a  suitable  lift  arbitrarily  fixed  upon  for  each  valve 
size  and  pressure,  the  corresponding  steam  discharges  could 
be  calculated  according  to  Napier's  formula,  and  tabulated  for 
easy  reference.  The  valve  lifts  determined  would  necessarily 
be  considered  as  minimum  requirements  which  all  valves  must 
at  least  show. 

Each  formula  is  fully  discussed  in  the  book,  and  the  prac- 
ticability of  its  use  viewed  from  all  angles.  The  subject 
is  an  important  one,  and  those  interested  in  this  line  would 
do  well  to  read  the  book  carefully.  Although  copies  are  to  be 
sent  out  by  the  Crosby  Steam  Gage  &  Valve  Co.,  the  treatment 
was  not  written  f r  im   a  manufacturer's  standpoint. 


Kansas  N.  A.  S.  E.  Convention 

The  first  annual  convention  of  the  Kan.sas  State  Associa- 
tion, N.  A.  S.  E.,  was  held  in  Topeka,  at  the  Commercial 
Club,   on  May   7   to   9.    About   200   engineers    attended. 

At  the  opening  session  Mayor  Cofran.  of  Topeka,  made  the 
address  of  welcome.  "As  we  have  been  a  builder  and  oper- 
ator of  engines  for  many  years,"  said  the  mayor,  "we  have 
a  sort  of  fellow  feeling  in  common  with  you.  As  an  engi- 
neer we  installed  the  first  engine  in  the  city  of  Topeka  for 
the  operation  of  a  newspaper  plant  that  was  known  at  the 
time  as  the  'Topeka  Record.'  We  also  sold  the  first  engine 
used  by  the  Atchison.  Topeka  &  Santa  Fe  Ry.  for  its  power 
plant." 

L.  E.  Weaver,  president  of  the  association,  responded  in  a. 
few  well  chosen  words.  J.  Will  Kelley,  secretary  of  the  Com- 
mercial Club,  made  an  address  of  welcome  in  behalf  of  the 
business  men  of  the  city.  Wiliam  Pulliam,  assistant  state 
secretary,  responded  and  concluded  by  introduei  -j  National 
President  McGrath,  who  spoke  on  the  growth  and  standing 
of  the  association.  The  Rev.  Mr.  Corwine,  of  the  Third 
Christian   Church,    pronounced   the    invocation. 

Among  the  speakers  were  Fred  Raven,  secretary  of  the 
national    organization,    and    John    Dawson,    attorney-general. 

On  Thursday  morning  a  business  session  was  held  in  the 
main  room  of  the  Commercial  Club,  and  in  the  afternoon 
George  H.  Hodges  and  Prof.  E.  B.  McCormick,  of  the  State 
Agricultural    College,    made    addresses. 

Among  the  entertaining  features  was  a  picture  show  by 
the  Topeka  Commercial  Club.  The  visiting  ladies  were 
taken  to  the  Novelty  Theater,  on  an  automobile  ride,  and  on 
a  shopping  tour  by  the  local  committee  under  Mrs.  WilliaiTi 
Houser.  On  Friday  evening  the  closing  feature  was  a 
banquet  at   the  Throop   Hotel. 

C.  H.  Van  Dyke,  of  Atchison,  was  elected  secretary.  These 
other  principal  ofiicers  were  reelected  for  another  year:  Presi- 
dent, L.  E.  Weaver,  Kansas  t71ty:  vice-president,  E.  S.  Miller, 
Kansas  City:  treasurer,  F.  R.  Hunter,  Parsons.  .1.  B.  Dobbs. 
of  Atchison,  was  elected  state  deputy.  Trustees  are:  E.  H. 
Burg,  of  Fort  Scott,  for  one  year;  N.  B.  Vandyne,  of  Parsons, 
for  two  years,  and  William  Pulliam,  of  Topeka.  for  three 
years.  Fred  Palmer,  of  Topeka,  was  chosen  conductor,  and 
H.    A.    Norton,    of    Port   Scott,    as    doorkeeper. 

Atchison    was    chosen    as    the    next    meeting    place    In    1911. 

An  interesing  exhibit  was  made  by  the  supply  men  In  the 
Auditorium. 


OBITUARY 


SAMtlEl,   I,.    MOVER 

On  May  3,  after  a  brief  Illness,  Samuel  L.  Moyer,  first  virr- 
president  and  general  manager  of  the  Lunkenheimer  Co.,  Cin- 
cinnati, Ohio,  died  at  his  home  In  that  city.  In  his  fortieth 
year.     Mr.  Moyer  was  connected  with  the  company  for  nearly 
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23  years  and  had  worked  his  way  up  to  the  position  he  oc- 
cupied at  the  time  of  his  death  by  untiring  energy  and 
marked  ability.  He  was  pror.  -ently  mentioned  as  a  mayor- 
alty candidate  in  his  home  city  _ind  had  served  two  terms  i!i 
its  city  council.  Mr.  Moyer  was  very  generous,  but  giving 
of  his  means  so  quietly  that  few  knew  of  his  generosity.  Hp 
was  a  member  of  the  Cincinnati  Business  Men's  Club,  National 
Metal  Trades  Association.  Queen  City  Club,  Cuvier  Press  Club, 
and  se\"eral  others.     He  leaves  a  widow. 

FR.A.XCIS  M.   RITES 

Francis  M.  Rites,  the  inventor  of  the  well  known  inertia 
governor  bearing  his  name,  died  suddenly  at  his  home  near 
Slaterville  Springs,  N.   Y.,   on   May   S. 

Mr.  Rites  was  born  in  Illinois  in  ISoS.  He  was  graduated 
from  Cornell  University  with  the  degree  of  mechanical  engi- 
neer in  ISSl.  and  was  traveling  engineer  in  1SS3  for  the  West- 
inghouse  Machine  Co..  and  afterward  a  draftsman  in  the  em- 
ploy of  Westinghouse,  Church.  Kerr  &  Co.  Later  he  was 
steam  expert  for  the  Westinghouse  Machine  Co. 

Mr.  Rites'  most  conspicuous  work  was  the  Rites  governor 
in  its  many  forms  and  applications.  It  is  so  well  known  that 
its  description  and  development  need  not  be  dwelt  upon.  In 
"Power"  of  July,  1902,  Mr.  Rites  described  the  Rites  governor 
and  its  adjustment  and  regulation.  He  was  a  member  of  the 
American  Society  of  Mechanical  Engineers  and  other  techni- 
cal societies.     He  was  55  years  old. 

HORATIO    A.    FOSTER 

Horatio  A.  Foster,  well  known  as  an  author,  who  lia-l 
charge  of  the  appraisal  work  of  J.  G.  White  &  Co.,  died  sud- 
denly in  New  York  City,  on  Apr.  27.  Mr.  Foster  was  bori! 
at    Bustleton,    Penn..    on    Jan.    12,    ISoS. 

His  electrical  engineering  training  began  in  1SS4,  with  the 
Daft  Electrical  Co.  The  following  spring  he  was  sent  to 
Baltimore  to  electrify  a  short  branch  branch  for  the  Balti- 
more Union  Passenger  Ry.  Co.,  the  first  commercial  electric 
railway  in  the  United  States.  Later  he  went  to  the  Thom- 
son-Houston Electric  Co.,  Lynn.  Mass..  and  in  the  fall  of 
1S8S  he  was  superintendent  of  the  East  River  Electric  Light 
Co..  New  Y'ork  City,  remaining  until  July,  1S91.  He  was  then 
appointed  an  expert  for  the  United  States  Census  Office  to 
compile  data  on  the  electrical  industry  of  New  York  State,  the 
only  state  which  took  an  electrical  census  in  1S90.  Late  in 
1S93.  Mr.  Foster  became  associated  with  Prof.  Forbes,  elec- 
trical engineer  of  the  Niagara  Falls  Power  Co.  Early  in  1S95, 
Mr.  -Foster  joined  the  staff  of  the  Cataract  Construction  Co., 
Niagara  Falls,  as  testing  engineer  for  determining  the  cost  of 
steam   power,   which  work  occupied   about  a  year  and  a  half. 

After  some  years  in  consulting  work,  Mr.  Foster  was  in 
1901  appointed  receiver  of  a  brewery  trust  in  Philadelphia 
which  had  failed.  During  this  period  he  had  also  several  im- 
portant engineering  undertakings.  In  1906  he  was  placed  in 
charge  of  L.  B.  Stillwell's  work  for  the  United  Railways  & 
Electric  Co..  Baltimore,  in  rehabilitating  its  generating  and 
distribution  system.  In  1908  he  was  retained  by  Bion  J.  Ar- 
nold, Chicago,  and  assisted  in  appraising  the  property  of  the 
Metropolitan  Traction  Co..  New  York  City,  the  Detroit  United 
Railway  Co.,  the  Southern  California  Edison  Co.,  Los  Angeles. 

Since  that  time  Mr.  Foster  had  been  working  on  valuation 
of  public  utilities  and  studying  traffic  conditions  and  other 
matters  pertaining  to  public  service,  being  engaged  in  this 
work  with  J.  G.  White  &  Co.  at  the  time  of  his  death.  Besides 
the  "Electrical  Engineer's  Pocket-Book."  Mr.  Foster  was  the 
author  of  "Valuation  of  Public  Utilities."  and  frequently  con- 
tributed to  the  technical  press.  He  was  55  years  old  and  was 
a  member  of  the  American  Institute  of  Electrical  Engineers, 
the  American  Society  of  Mechanical  Engineers,  the  Engineers' 
Club    of  New   York    and    the    Philadelphia    Arts    Club. 


J.  B.  Kitchen  has  been  appointed  engineer  of  operation  of 
the    Toronto    (Ont.)    Hydro-Electric   System. 

William  D.  Purcell  has  assumed  charge  of  the  rubber  de- 
partment of  the  Collieries  Supply  &  Equipment  Co..  Philadel- 
phia. Penn. 

D.  W.  Roper,  assistant  chief  operating  engineer  of  the 
Commonwealth  Edison  Co.,  Chicago,  has  been  elected  chair- 
man of  the  Chicago  Section  of  the  American  Institute  of  Elec- 
trical   Engineers. 

Walter  Knapp.  formerly  assistant  shop  superintendent  of 
the  machinery  division  at  the  Philadelphia  Navy  Yard,  has 
accepted  the  position  of  chief  engineer  in  the  Cleveland  office 
of  the  Standard  Engineering  &  Drafting  Co. 


Frederick  L.  Ray,  superintendent  of  the  power  plant  of  the 
Louisville  (Ky.)  Ry.,  won  the  first  prize,  $75,  offered  by  the 
educational  committee  of  the  National  Association  of  Station- 
ary Engineers  in  its  recent  prize  competition.  Mr.  Ray  was 
successful  in  the  advanced  classification  of  the  committee, 
in  which  thirteen  papers  were  submitted,  all  of  exceptional 
merit.  Mr.  Ray  is  chairman  of  the  educational  committee  of 
Kentucky  branch.  No.  1,  National  Association  of  Stationary 
Engineers. 

Seymour  W.  Cheney  has  been  appointed  operating  engineer 
of  the  La  Crosse  (Wis. J  Gas  &  Electric  Co.  Mr.  Cheney  is  a 
graduate  of  the  University  of  Wisconsin.  He  entered  the  gas 
and  electric  business  in  1905  with  the  Denver  (Colo.)  Gas  & 
Electric  Light  Co.,  and  the  following  year  was  appointed  su- 
perintendent of  distribution  of  the  Lincoln  (Neb.)  Gas  & 
Electric  Co.  Later  he  held  a  similar  position  with  the  Mont- 
gomery (Ala.)  Light  &  Power  Co.  Since  1910  he  has  been 
on  the  engineering  staff  of  the  Railroad  Commission  of  Wis- 
consin,  with   headquarters  in  Milwaukee. 


SOCIETY     NOTES 


The  New  Jersey  State  Association,  N.  A.  S.  E.,  will  hold 
its  annual  banquet  on  Sunday  afternoon.  May  25.  at  the  Con- 
tinental Hotel,  Newark.  The  dinner  will  conclude  the  con- 
vention, and  a  large  attendance  is  expected. 


ATL,.\.\TIC   CO.IST   ST.\TES 

Plans  are  being  considered  by  the  town  council  of  Oroton. 
Conn.,  for  the  installation  of  additional  equipment  in  tlie 
municipal  electric-light  plant.  T.  A.  Graves  is  superintendent 
of   the   plant. 

The  board  of  trustees  of  the  Binghamton  State  Hospital, 
Bingiiamton,  N.  Y.,  are  considering  plans  for  the  construction 
of  a  new  power  plant  at  the  hospital.  An  appropriation  of 
$60,000    was   recently    made   for    the    purpose. 

Estimates  are  being  prepared  by  Horace  G.  Sweet,  Utica, 
N.  Y.,  of  the  cost  of  installing  a  municipal  electric-light  plant 
at  Lyons,  N.  Y.  Bonds  to  the  amount  of  $10,000  have  been 
voted    for   the    purpose. 

The  common  council  of  Newark,  N.  J.,  will  investigate  the 
cost  of  installing  a  new  50-kw.  generator  and  engine  in  the 
City  Hall  lighting  plant,  to  be  used  for  supplementary  service. 

The  West  Penn  Rys.  Co.  is  planning  extensive  improve- 
ments to  its  power  plant  at  Creighton,  Penn.  H.  F.  Banard, 
Pittsburgh,    Penn.,    is    purchasing   agent. 

SOUTHERN    ST-VTES 

Plans  are  being  prepared  for  the  construction  of  an  elec- 
tric-light plant  at  Ravenswood,  W.  Va.,  for  which  J.  Mentor 
Caldwell,    Parliersburg,    was    recently   granted    a    franchise. 

Plans  are  being  considered  by  the  Monongalia  Electric  Co. 
for  the  construction  of  an  electric-light  plant  at  Star  City, 
W.  Va. 

The  Walterboro  Ice  &  Light  Co.  is  considering  the  con- 
struction of  an  electric-light  plant  at  Walterboro,  S.  C.  G.  C. 
Brown   is   interested. 

Bids  will  be  received  about  June  30  for  the  construction  of 
a  municipal  electric-light  plant  at  Marshallville,  Ga.  Plans 
have   been  prepared  by   the  J.   B.  McCrary  Co.,  Atlanta,  Ga. 

The  city  of  Lakeland,  Fla.,  is  planning  extensive  improve- 
ments   to    its    municipal    electric-light    plant. 

The  Ball  Creek  Electric  Co.  is  considering  plans  for  the 
construction  of  an  electric-light  plant  at  Lone  Mountain. 
Tenn.  Payne  Bros.,  of  Lone  Mountain,  are  interested  in  tlie 
project. 

Extensive  improvements  are  planned  by  the  citizens  of 
Paris.  "Tenn.,  to  the  municipal  electric-light  plant.  M.  W. 
Younkin  is   manager    of   the   plant. 

The  B.  F.  McCormick  Lumber  Co..  Winchester,  Ky.,  will 
purchase  ten  electric  motors  for  its  planing  mill,  having  de- 
cided to  substitute  central-station  current  for  steam  power. 

CENTRAL    ST.VTES 

Bids  will  be  received  bv  J.  A.  T\'ucher.  clerk  of  the  board 
of  trustees  of  Jasper,  Ind.,  until  May  26.  for  furnishing  equip- 
ment for  the  municipal  electric-light  plant.  Paul  H.  White. 
Union   Trust    Bldg.,   Indianapolis,    Ind.,    is  consulting   engineer. 

The  citv  council  of  B'oomingdale,  Mich.,  has  granted  a 
franchise  to  Lewis  K.  Hawk,  to  construct  and  operate  an  elec- 
tric-light   plant. 

Explosion  and  fire.  Mav  7,  destroyed  the  plant  of  the 
Lapeer  Gas  &  Electric  Co.,  Lapeer.  Mich.,   with  loss  of  $50,000. 

It  is  reported  that  the  Illinois  Northern  Utilities  Co.  will 
expend  $100,000  for  the  construction  of  a  new  power  plant 
at    Belvidere,    111. 

Plans  are  being  prepared  by  C.  C.  Chapman,  Chicago.  111., 
for  the  construction  of  a  municipal  electric-light  plant  at 
Elgin.   111. 

George  Loptein  has  been  granted  a  franchise  to  construct 
and  operate  an  electric-light  plant  at  Warren.  111. 

A    new    225-hp.    Diesel    engine    and    a    direct-current    gen- 


iiiiiiiiiiiiiiiiiiiiii  1 1 1  mil  II    I 


I  I     iiiiiiiiiiiiiiiiiiiiiiiii  I 


Biiiiiiuuiiiiiiiiiuiiniijiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiin 

Vul.  37  XEW  YORK,  MAY  27,  1913  Xo.  21 


The  Operating  and 

The  Consulting  Engineer 


The  operating  and  the  consulting  engineer  have 
interest  in  common.     Both  working  to  produce 
most  successful  operation  of  power  plants.       Co 
crating  they  can  accomplish  what  is  impossible 
either   if   working   single- 
handed.     The    more    the 
operating    engineer    real- 
izes    the     value     of     the 
consulting    engineer's  ad- 
vice   and    the    consulting 
engineer  the  value  of  the 
operating    engineer's    ex- 
perience,    the     better     it 
is  for  both  of  them. 


Some  operating  engi- 
neers believe  the  consult- 
ing engineer  to  be  an 
"undesirable."  It  requires 
no  argument  to  show  that 
this  attitude  is  absurd. 
The  misconception  exists 
because  in  the  early  days 
of  power-plant  practice  a 
consulting  engineer  was 
not  required  so  often  to 
check    up    the    operating 

conditions.  The  competition  in  the  field  of  power 
generation  was  not  so  intense  and  the  operating  en- 
gineer's position  was  more  secure.     Not  so  today. 

With  efficiency  systems  invading  all  establishments 
to  effect  more  economical  operation,  the  plant  must 
show  that  it  is  worth  operating.  If  it  is  not,  it  must 
give  way  to  cheaper  sources  of  power.  The  engin- 
eer's object  then  is  to  make  his  plant  the  cheapest 
source  of  power,  in  fact,  his  bread  and  butter  depend 
upon  it. 

No  one  can  help  him  more  in  doing  this  than  the 
consulting  engineer.   This  kind  of  work  is  his  specialty. 


an  When    central-station    agents   propose    to   the    plant 

the  owner  the  use  of  their  service  and  the  elimination  of 

op-  the    isolated    plant,    the    consulting   engineer    should 

for  make  the  test  that  shall  decide  whether  central-station 

or  isolated- plant  service 
shall  be  used.  The  op- 
erating engineer  should 
insist  upon  the  calling  in 
of  a  competent  consulting 
engineer  at  such  crucial 
times. 

At  other  times  as  well 
the  advice  of  a  consult- 
ing engineer  may  prove  of 
value  Even  when  every- 
thing is  thought  to  be  in  the 
best  condition  it  is.  worth 
while  to  be  sure  of  it  by 
having  a  test  made  occa- 
sionally by  an  outside 
expert. 


This  would  not  be  an 
acknowledgment  of  in- 
competency on  the  part  of  the  operating  engineer,  any 
more  than  an  expert  accountant's  certification  of  a  cor- 
poration's accounts  reflects  upon  the  accuracy  of  the 
office  force. 

If  this  practice  should  become  prevalent  in  power 
plants,  and  it  is  likely  to,  it  would  be  one  of  the  great- 
est incentives  for  the  engineer  to  keep  his  plant  in 
the  best  possible  condition.  It  would  mean  a  higher 
recognition  of  him  by  his  superior  and  betterment 
in  every  way. 

Welcome  the  consulting  engineer  and  don't  de- 
spise his  aid. 
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New  Power  Plant  at  Weber  Wagon  Works 


15\  A.  11.  M-^ujEit 


SYNOPSIS — Description  of  a  plant  containing  two  7-50- 
kw.  bleeder-type  turbines  and  imter-tuhe  boilers  ivilh 
dutch-oven  furnaces,  rising  a  combination  of  irood  refuse 
and  coal  as  fuel.  Circulating  water  from  tlie  condenser  is 
cooled  by  a  spray-nozzle  cooling  system. 

There  comes  a  time  iu  the  history  of  almost  every  man- 
ufacturing works  when  the  increase  iu  oiitj)ut  requires 
either  a  substantial  extension  of  the  existing  power  plant 
or  the  erectiou  of  a  new  plant.  Usually  when  such  factors 
as  age,  condition  and  efficiency  of  the  existing  equipment 


OiiiGix.iL  Plant 


TIk'  (ild  power  j)lant  contained  four  2o0-hp.  water-tube 
boilers,  iired  with  a  mixture  of  wood  refuse  and  coal.  The 
original  power  unit  was  a  24x-l:8-in.,  750-hp.  Corli.ss  en- 
gine, at  82  r.p.m.  This  unit  drove,  by  a  rope  drive,  a 
main  shaft  from  which  numerous  countershafts  dis- 
tributed the  power  to  the  various  machines  throughout 
the  works.  Later,  a  19xl8-in.,  four-valve  automatic  en- 
gine Mas  installed  for  driving  a  200-kw.,  three-phase,  60- 
cycle  current,  480-volt  generator  for  lighting  and  some 
power  service.  During  a  few  ycnv^  pist  prior  to  the  crec- 


FiG.  2.   BoiLEi;  Equipment 

tion  of  the  new  plant,  about  30,000  kw.-hr.  per  month 
were  purchased  from  the  central  station. 

Exhaust  steam  from  the  engines  was  used  to  heat  the 
various  Iniildings  and  some  drying  kihis  bj'  means  of  a 
combination  direct-  and  indirect-radiation  system. 

With  the  installation  of  the  new  power  plant  the  sy.?- 
tem  of  transmission  was  changed  from  shaft  and  belt  or 


Fig.  1.   Power  Plant  of  the  Weber  Wagon  Works        Fig.  3.   Ashpits,  Ash-Conveyor  Pipe  and  Feed  Pimp 


are  taken  into  consideration  and  when  attention  is  given 
to  the  prospects  of  still  further  expansion,  a  new  plant  is 
decided  upon,  which  is  laid  out  with  the  changed  needs 
of  the  works  as  the  influencing  factor. 

Such  was  the  situation  existing  at,  and  the  policy 
adopted  by,  the  Weber  wagon  works  of  the  International 
Harvester  Co.,  located  at  Eighty-first  and  AVallace  Sts., 
Chicago,  111. 


rope  to  electric  drive,  some  80  motors,  of  sizes  from  1  to 
50  hp..  distributed  throughout  the  plant,  being  used  for 
individual  or  gi-oup  drive,  according  to  the  requirements 
in  each  case. 

New  Power  Plant 
The  new  power  ]ilaHt  is  iu  a  separate  building  across 
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Wallace  St.,  some  50  ft.  from  the  main  works.  It  was 
decided  to  so  house  the  power  equipment  because  the  fire 
hazard  is  considerably  reduced  thereby,  an  important  con- 
sideration in  a  plant  where  much  wood  and  other  inflam- 
mable material  is  used.  Then,  too,  it  was  important  that 
the  work  of  the  plant  be  not  interrupted  during  the  pro- 
cess of  changing  and  the  separate  plant  was  the  best  solu- 
tion of  this  proldem. 

In  Fig.  1  is  shown  the  power  house,  a  one-story-and- 
bascment  building,  which  occupies  an  irregular  plot.  The 
frame  is  of  steel  and  the  walls,   roof  and  floors  are  of 


employment  of  such  devices  as  nonreturn  valves,  oil 
switches,  etc.,  and  their  physical  comfort  has  been  pro- 
vided for  in  the  shape  of  locker  rooms  for  clothing  and 
sanitary  lavatories  and  shower  baths. 

Boiler  Eqiipmext 

Arrangements  have  been  made  for  inirning  refuse  in 
the  form  of  shavings  and  sawdust  from  the  works,  with 
whatever  additional  coal  is  required  to  make  up  the  needed 
amount  of  fuel.  At  present  there  are  three  410-hp.  water- 
tube  boilers.    The  stack  is  large  enough,  however,  to  pro- 
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concrete,  the  outside  walls  being  finished  will)  a  veneer  of 
hard-burned  red  brick  and  inside  walls  with  a  wainscot 
of  white  enamel-faced  brick,  red  brick  above  as  high  as 
the  crane  rail  and  common  brick  painted  white  above 
that.  Windows,  8x25  ft.  in  size,  arc  set  as  close  together 
;is  possible,  thus  providing  for  maxinnim  light  and  venti- 
lation. 

All  of  the  equipment  has  been  selcitcd  with  an  eye  to 
economy  and  service  as  the  sole  objects  in  view,  first  cost 
being  the  last  influencing  factor.  ^»  ojiportunity  has  been 
neglected  in  arranging  the  apparatn-  for  accessiltility,  on 
the  principle  that  anything  wbidi  i<  difficult  to  "get  at" 
is  almost  certain  to  bo  neglected.  The  personal  safety  of 
the  operators  has  been  increased  wherever  possible  by  the 


vide  diaft  for  at  least  five  additional  boilers  of  the  sanip 
capacity.  Each  boiler  contains  203  four-inch  tubes  18 
ft.  long  and  two  34-in.  by  18-ft.  steam  drums,  giving  an 
effective  heating  surface  of  4098  sq.ft.  The  boilers  are 
designed  for  a  working  ])ressure  of  200  ]]i..  gage,  but  the 
working  pressure  is  only  150  lb.,  sjase.  Each  boiler  is 
equipped  with  a  superheater,  located  in  the  last  pass,  and 
is  guaranteed  to  superhcnl  18.000  11).  of  steam  per  hour 
75  dcg.  F. 

Butch-oven  furnaces  arc  used,  as  shown  in  Fig.  2,  with 
stationary  herring-bone  grates.  8  ft.  by  0  ft.  fi  in.  in  size, 
having  7G  sq.ft.  of  surface.  40  per  cent,  air  space.  Shav- 
ings and  sawdust  are  delivered  to  thi'  boiler  room  by  air 
blast  through  a  sheet-iron  duct  which  discharges  into  two 
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"e3\-loue"  collectors  located  on  the  roof.  From  these  the 
fuel  feeds  b_v  gravity  either  directly  iuto  the  furuaees 
or  into  slieet-irou  bins,  along  one  side  of  the  boiler  room, 
in  which  any  excess  is  stored. 

\Mien  tliis  excess  is  required  in  the  furnaces  it  is  dis- 
charged through  hoppers  in  the  bottom  of  the  bins  into 
a  return  air  duct  which  again  delivers  the  sawdust  to  the 
collectors  on  the  roof  from  which  it  is  discharged  to  the 
furnaces  through  feed  spouts.  Motor-driven  agitators,  lo- 
cated in  the  discharge  hoppers  of  the  storage  bins,  are 
operated  when  feeding  into  the  return  air  duct  so  that  the 
sawdust  cannot  become  packed  and  choke  uj)  the  discliarge 
openings  or  the  pipes. 
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generate  three-phase,  60-cycle  current  at  480  volts.  A 
100-kw.  uoncondensing  turbine  unit,  the  exhaust  from 
which  is  used  in  the  heating  system,  is  employed  for  ser- 
vice at  night,  on  holidays  and  at  other  times  when  the 
load  is  light.  There  are  two  25-kw.  exciters,  one  driven 
by  a  motor,  the  other  by  a  uoncondensing  turbine. 

A  most  interesting  feature  about  the  main  units  is  the 
bleeder  arrangement  and  the  operating  economy  secured. 
The  turbines  are  designed  on  the  combined  impulse  and 
reaction  principle,  having  one  impulse  wheel  acted  upon 
by  the  velocity  of  the  steam  and  an  upper  and  lower  re- 
action wheel  acted  upOn  by  expansion.  A  bleeder  tap  is 
made  at  the  point  of  connection  between  the  upper  and 


■^630 

>^ 

1-1 
„O500 

<  « 

0) 

O  o- 


I50n 

— n 

^    1    i\      1 

/ 

.§;^   1    1\     1 

:SS 

-It 

\ 

W  PoirH-  where  Steam  Bled  is  equal  A>  Sleam  supplied  \ 

/ 

,^^ 

\\ 

IB-rmarv  Vcrl 

^i- 

\ 

''"^  \ 

\  open,  930  B.HpJ^ 

\ 

-\M 

>* 

1 

\ 

^\  K 

Vc. 

i 

^.M  \.x^. 

V^ 

1 

\     '^\  '^f'i 

~^>->. 

ffll05 

Normal  Lcfad 

\ 

^'  ' 

h> 

"^v 

\ 

\ 

% 

\^ 

■^^ 

< 

\ 

^ 

\ 

NJ 

t'-=> 

^^°. 

fc=*''j 

\ 

^ 

< 

X^ 

V 

^. 

J:^^... 

600  Hp.  lawu  lb.    1 

80- 

«^\ 

& 

-L^^- 

■', 

<^-<-^<5>, 

•<-t 

^^ 

1 

f^ 

^\ 

%v\ 

\<^   „^ 

^=^-., 

^%o!.,               /f 

-0  "^- 

^\ 

■■  .1 

'"^N 

^^ 

^5x' 

-'i-%0     ;^ 

^-~-    y^KHp 

S^r- 

A 

:§ 

s  -<-. 

^. 

</4 

■  — 

■~ — 

._ 

^  T^IS.mlb. 

"-.N 

!> 

-^ 

^ 

^^... 

r 

L — jvl     y^oKw. 

"-^ 

.| 

^^ 

F^ 

-rp  „^w^^i.^^/<y.^     yj^^QlfHyJQOK^^ 

^■t" 

^<!6, 

"t-^ 

. 

/f400Hp.llJXOIb.?56K«. 

is  ;       1 

'^ 

•%,, 

l"^— ..^ 

1  y^Jfpb  Hp.  lUUUUIb.  di4  Km, 

-'\j       1 

^>..«-x 

^<N. 

--■f:/^ 

-^-eeiHp.  70001b.  noifw 

— 

1      ""^^ 

^~^'-^-.,. 

>          ..* 

^■FSOHp.  60001b.  147 Kw. 

s. 

v 

1     -^ 

-■^■■mHp.  5000 Ih.  126  «!-. 

.... 

'      ■      '      ' 

"  " 

'    '    ■     ' 

.... 

.  ,  ,  . 

.11. 

,  i  .  . 

.... 

'     ' 

15  17  18  19 

T   in   Pounds   per   Hour    Based    on    S+ear 

Fig.  5.  Tcrbixe  Tests 


23 


25 


26 


27 


Supplied,   per    Brake    Horsepower 


With  this  arrangement  the  firemen  are  never  required 
to  lire  the  sawdust  liy  hajid.  Under  present  operating  con- 
ditions the  sawdust  constitutes  about  60  per  cent,  of  the 
fuel,  the  balance  being  Illinois  bituminous  coal,  hand 
fired.  No  special  provisions  have  been  made  for  hand- 
ling the  coal  because  the  quantity  used  is  comparatively 
small.  The  coal  is  delivered  from  cars  on  the  siding 
alongside  the  boiler  room  into  a  bin  adjacent  to  the  plant 
from  which  it  is  wheeled  in  barrows  to  the  furnaces. 

Ashes  fall  into  rectangular  .steel  pits  which  discharge 
through  hoppers  to  the  conveyor  pipe  of  a  vacuum  ash- 
handling  system  located  on  the  basement  floor.  Fig.  3. 
The  ashes  are  delivered  to  a  storage  bin  over  the  railroad 
siding,  from  which  they  fall  by  gravity  into  a  car. 

The  chimney  is  of  tile  and  reinforced-concrete  construc- 
tion, 200  ft.  high,  and  with  an  inside  top  diameter  of  8 
ft.  6  in.  The  breeching  is  of  sheet  iron,  covered  with 
\y^  in.  of  asbestos. 

TuKBO-GENEK.iTORS 

At  present  the  main  generating  equipment  consists  of 
Iwo  horizontal  automatic  bleeder-type  turbines.,  driving 
,  ?'50-kw.  maximum  rated  djTiamos  of  the  revolving- field 
Ivv'pe,  Fig.  4.  The  rating  is  based  on  80  per  cent,  power 
factor  and  a  temperature  rise  of  50  deg.  C,  under  con- 
iinuous  operation.     These  units  run  at  3600  r.p.m.  and 


lower  reaction  stages  and  a  certain  amount  of  steam  may 
be  drawn  off  to  supply  the  heating  system  throughout  the 
works.  The  balance  of  the  steam  passes  through  the  final 
stage  and  on  into  the  condenser.  The  connection  between 
the  bleeder  and  the  final  stage  is  controlled  by  an  auto- 
matic valve,  which  is  set  by  weights  to  maintain  a  definite 
pressure  on  the  heating  system,  usually  5  lb.,  gage.  The 
lileeder  valve  may  also  be  regulated  by  hand. 

By  this  arrangement  the  steam  required  for  heating  is 
first  made  to  do  work  in  the  turbine  and  all  but  the  exact 
quantity  of  steam  so  required  is  fully  expanded  in  the 
ttirbine.  In  addition  to  being  operated  in  this  manner 
the  turbines  may  be  operated  noncondensing,  passing  all 
the  steam  to  the  heating  system,  or  they  may  be  operated 
condensing,  when  all  the  steam  goes  direct  to  the  con- 
denser and  none  to  the  heating  coils. 

Under  normal  operation  in  the  summer  each  turbine 
furnishes  about  .5500  lb.  of  steam  through  the  bleeders 
for  u.«e  in  wood-drying  kilns ;  in  the  winter  an  additional 
10,000  lb.  of  steam  is  bled  from  each  for  the  heating  sys- 
tem. Hence,  the  machines  were  designed  with  the  low- 
pressure  stage  arranged  to  pass  5500  lb.  of  steam  per  hour 
less  than  the  high-pressure,  and  they  are  most  efiicient 
when  operating  under  this  condition. 

Each  turbine  is  provided  with  a  primary  and  a  second- 
ary inlet  valve  of  the  balanced-poppet  type,  both  controlled 
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b}-  the  govei'uor.  Under  operating  conditions  the  primary 
valve  is  opened  first  and  wlieu  wide  open  passes  a  quan- 
tity of  steam  at  150  lb.  pressure,  just  sufficient  for  the  nor- 
mal load  of  the  unit.  The  secondary  valve  then  comes  in- 
to action  and  when  wide  open  will  supply  steam  for  the 
designed  maximum  overload  requirements  at  maximum 
overload  speed.  Should  the  load  increase  still  further  the 
result  would  be  a  drop  in  speed  and  frequency.  Each 
turbine  is  further  provided  with  an  overspeed  device, 
which  will  automatically  close  the  throttle  when  the  speed 
reaches  a  predetermined  rate.  This  device  is  set  to  op- 
erate when  the  speed  reaches  20  per  cent,  above  normal. 
As  customary,  the  turbines  were  tested  at  the  shops  of 


Frc.  r, 


I'l    M  !■- 


tlie  Iniilder  in  the  presence  of  a  representative  of  the  ]nir- 
chaser;  the  results  obtained  are  presented  graphically  in 
I'ig.  5. 

The  condensers,  Fig.  6,  are  located  in  the  basement  ili- 
rectly  below  the  turbines.  The  circulating  water  and  the 
air  pump  for  each  condenser  are  mounted  on  one  shaft 
and  driven  hy  a  single-stage  noncomk-nsing  turbine. 

The  condensing  water  is  taken  from  a  600,000-gal.  con- 
crete basin,  located  just  south  of  the  plant,  which  was 
installed  primarily  as  a  storage  reservoir  for  a  fire-fighting 
equipment.  The  return  water  from  the  c'ondensers  is 
cooled  by  pa.ssing  it  through  spray  nozzles.  Fig.  7,  located 
above  the  basin.  The  capacity  of  the  circulating-water 
system  is  sufficient  for  a  2250-kw.  equipment  and  it  is 
capable  of  cooling  the  water  from  100  to  70  deg.  F.  under 
the  average  atniosi)heric  conditions  at  the  plant.  The 
])ipiiig  is  so  arranged  that  if  needed  a  motor-driven  cen- 
trifugal pumj)  can  i)e  installed  to  draw  water  from  the 
basin  and  pass  if  through  the  spray  nozzles  at  a  more 
rapid  rate  than  the  circulating  pumps  provide. 

Pll'INfl 

All  the  auxiliaries,  including  the  boiler-feed  pumps, 
and  the  piping  are  located  in  the  basement.  The  steam 
is  delivered  from  the  boiler.s  in  7-in.  lends,  controlled  by 
automatic  nonreturn  valves,  to  a  1l)-in.  main  header,  hung 
on  brackets  on  the  building  columns  in  the  basement  di- 
rectly beneath  the  wall  between  the  boiler  and  en- 
gine rooms.    From  this  header  a  5-in.  lead  supplies  steam 


to  each  main  unit  and  to  its  condenser-auxiliary  turbine 
through  a  2-in.  branch.  The  100-kw.  unit  may  be  fed 
from  either  the  main  or  the  auxiliary  header. 

An  8-in.  auxiliary  header,  lying  close  to  and  parallel 
with  the  main  header,  serves  the  fire  pumps,  the  lOO-kw. 
\niit  and  the  boiler-feed  pumps  only.  With  this  arrange- 
ment it  is  possible,  in  case  of  fire,  to  shut  down  every- 
thing except  these  pieces  of  apparatus.  The  lead  from  the 
main  header  to  the  100-kw.  unit  is  5  in.  in  diameter,  re- 
ducing to  4  in.  beyond  a  2i4-in.  branch  which  supplies 
the  exciter  turbine.  The  lead  from  the  auxiliary  header 
is  -t  in.  in  diameter  and  connects  with  the  main-header 
lead  half  way  lietween  the  headers  and  the  turbine. 

ArXlLiAi:[i:s 

There  are  two  duplex  Fnderwriter  fire  pumps,  each  18 
and  10  by  13  in.  in  size  and  capable  of  delivering  1000 
gal.  per  min.  at  a  pressure  of  100  lb.  per  sq.in.  when 
running  at  70  r.p.m.  These  are  located  in  the  basement 
beneath  an  open  hatch  in  the  engine-room  floor  so  as  to 
be  in  sight  of  the  engineer  on  watch. 

One  of  the  two  boiler-feed  pumps  is  a  two-stage  cen- 
trifugal, driven  by  a  steam  turbine  at  3600  r.p.m.  The 
suction,  connecting  with  the  feed -water  heater,  and  the 
discharge  pipes  are  both  3  in.  in  diameter.  The  other 
feed  pump  is  a  10  and  6  by  13-in..  jiot-valve,  outside  end- 
packed  duplex  pump,  bronze-lined  throughout.  The  ca- 
pacity of  each  of  these  pumps  is  81,000  lb.  of  water  per 
hour  against  a  pressure  of  150  lb.  gage.  The  feed  piping 
is  in  duplicate  throughout.  The  steam  piping  for  the.se 
pumps  is  also  in  duplicate,  one  pipe  connecting  with  the 
main  header  and  the  other  with  the  auxiliary  header  fur 
the  reason  given  above.  All  high-pressure  steam  and 
water  piping  is  extra  heavy  with  screwed  flanges. 


Fio.  7.   Coor.iXG  B.\sin 

Feed-water  is  measured  with  n  venliiri  meter  bining 
two  tubes,  one  3  in.  in  size  for  <biy  operation,  the  other 
1%  in.  for  night  u.se.  The  indicating  and  recording  pari 
of  the  meter  is  located  in  the  engine  room  coiiveni(>ntly 
near  the  engineer's  oflice. 

An  open  type  of  feed-water  heater,  rated  at  3100  h|)., 
receives  the  returns  from  the  heating  system  and  the 
drips  from  the  various  steam  lines  through  a  fi-in.  line.  A 
secondary  source  of  water  supply  is  the  discharge  from 
the  condenser  air  pumps  and  a  third  source  is  the  cily- 
water  mains.  A  10  and  14  by  20-in.  sini])lex  pump  is 
used  for  the  vacuum  of  the  heating  .system. 

With  the  exceptions  previously  mentioned  all  auxiliary 
apparatus  is  supplied  with  steam  from  the  mait    header 
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MECHANICAL  EQUIPMENT  OF  THE  POWER  PLANT  OF  THE  WEBER  WAGON  WORKS 

No.               E(3uipment  Tpye  Purpose  Kw.       Volts      R.p.m.  Size  Press.  Hp.                        Manufacturers 

3  Boilers Water  tube  Steam  gen.            150  410  Edge  Moor  Iron  Co. 

3  Superheaters Foster  Sup.  steam  ...           ...          ....  ...  ...  Power  Specialty  Co. 

2  Generators Alt.  current  Main  units  750         480         3600  ...  ...  f 

1  Generator Alt.  current  ilain  unit             100          f  Westinghouse  Elec.  &  Mfg.  Co. 

2  Generators Direct  current  Exciters  25         125  ...  .1 

2  Turbines Horizontal  Main  units  750          ...  3000                                                                     ( 

1  Turbine Horizontal  Main  unit  100          ...           ....  )  t\"     t"     K          \tf     n 

1  Turbine Single  stage  Exciter  unit             25          .        |  "  cstingnousc -Mlg.  l.^o. 

3  Condensers Leblanc  Turbines  ...  .  ...  ...       ( 

2  Pumps Knowles  Fire  70  18x10x12"  ...  ...  International  Steam  Pump  Co. 

1  Turbine Single  stage  Feed  pump  3)i(X)                150  .  .  .  DeLaval  Steam  Turbine  Co. 

1  Pump Duplex  Boiler  feed  .    .  10x6x12"              150  .  Piatt  Iron  Works 

1  Pump Simplex  Heating  system  .  .          ....  10x14x20"            150  .  .  .  .American  Steam  Pump  Co. 

1  Heater Open  Feed  water  ...          ....  ...  2400  Warren  Webster  &  Co. 

and  the  exhaust  from  all,  with  the  e-\ception  of  the  lire  polished  slate.  Thi-ee  panels  at  one  end  cany  the  dynamo- 
pumps  which  are  piped  to  the  atmosphere,  is  collected  in  eoutrolliug  and  registering  instruments.  A  fourth  panel 
a  10-in.  auxiliary  exhaust  main  which  connects  with  the  carries  a  graphic  recording  and  indicating  wattmeter  and 
feed-water  heater  and  the  heating  main.  a  Tirrill  regulator.    Tlie  other  four  panels  carry  the  am- 

Exhaust  steam  from  each  main  unit  is  connected  with  meters  and  nonautomatic,  distant-mechanical  control  oil 

its  condenser  through  a   24-in.   pipe,   fitted   with  a  hy-  switches  for  the  various  distributing  circuits.    The  direct- 

draulically  operated  gate  valve  and  with  the  atmosphere  current  busses  are  mounted   directly  behind  the  board, 

through  a  15-in.  exhaust  stack,  and  with  the  18-in.  heat-  while  the  alternating-current  busses  and  oil  switches  are 

ing  main  to  the  works  through  a  12-in.  pipe.     The  heat-  mounted  on  pipe  racks  located  beneath  the  switchboard  in 

ing  main  is  also  connected  with  the  bleeder  on  each  main  the  basement. 

turbine  through  a  12-in.  pipe  and  with  the  auxiliary-steam  Eight  lead-covered  pa])er-insulated  feeder  cables  of 
header  through  an  8-in.  connection  and  a  reducing  and  600,000  circ.mils,  running  through  the  tunnel  on  in- 
regulating  valve.  sulator  racks,  carry  the  power  current  to  the  various  dis- 

The   18-in.   heating  main   extends   135   ft.   through   a  tributing  panels  in  the  works;  four  cables  of  the  same 

lOxT-ft.     reinforced-concrete-lined     tunnel,     and     feeds  type,  but  of  300,000  circ.mils,  carry  the  current  for  the 

branch  lines  to  the  22  buildings  of  the  works,  which  con-  lighting  circuits.    There  are  some  10,000  tungsten  lamps 

tain  a  total  of  60,000  sq.ft.  of  direct  and  indirect  radia-  in  the  works,  ranging  in  capacity  from  25  to  100  watts, 

tion  used  for  heating,  including  the  drying  kilns.  The  writer  is  indebted  to  Louis  Kahn,  superintendent 

Switchboard  and  Wiring  of  mechanics,  for  courtesy  extended  and  assistance  given 

The  switchboard  consists  of  eight  panels  of  lilack  un-  in  preparing  this  article. 


Device   Prevents  Sway  of  Elevator  Cables 


Rt  William  Iv-vvanagh 


SYXOPSIS — A  description  of  a  simple  device  to  prevent 
swaying  of  the  cables  and  the  trouble  caused  by  swaying 
cables  in  deep  elevator  shafts. 

The  hoisting  or  lifting  cables  of  elevators  are  likely  to 
leave  the  grooves  of  the  winding  drum  from  any  one  of 
the  following  causes:  First,  if  the  drum  unwinds  too 
much;  second,  if  the  brake  should  close  on  the  brake 
wheel  while  the  car  is  in  rapid  motion ;  third,  if  the  sway 
or  side  lash  given  to  the  cables  is  conveyed  to  the  hoisting 
drum.  Any  or  all  of  those  three  reasons  will  cause  the 
cables  either  to  become  loose  or  ride  on  the  neighboring 
convolutions,  which,  of  course,  will  cause  more  or  less 
trouble.  Sometimes  a  sudden  reversal  of  direction  of  mo- 
tion of  the  car  will  cause  the  cables  to  sway  and  in  numer- 
ous cases  this  sway  is  caused  by  a  quick  stop  or  start  of 
the  car,  which  may  cause  the  cables  to  Jump  out  of  their 
grooves.  The  car  must  then  be  stopped  to  place  the  cables 
in  the  proper  grooves. 

To  do  this  the  try-out  or  ''baby  switch"  is  thrown  over 
for  hand  operation  from  the  control  board  and  the  ear  is 
lowered  until  the  cables  are  unwound  and  placed  in  their 
proper  position  on  the  hoisting  drum. 

When  buildings  are  high  or  moderately  so  the  swaying 
of  the  cables  is  often  a  great  source  of  annoyance  and 
when  the  hoisting  mechanism  is  placed  in  the  cellar  or 
basement  of  the  building,  the  swaying  of  the  cables  is 
augmented.     Owing  to  their  increased  length,  the  cables 


are  more  likely  to  jump  out  of  their  grooves.  To  offset 
this  sway  effect  the  device  in  Fig.  1  was  installed  and 
operated  with  success. 

This  sway  absorber  is  placed  on  the  wall  of  tiie  elevator 


Device  to  Prevent  Swaying  of  Elevator  Cables 

shaft.  The  hoisting  cables  .-1  move  up  and  down  between 
the  wheels  BBB.  A  flat  bar  of  machinery  steel  C  is  fast- 
ened to  the  shaft  wall.  On  this  bar  or  guide  rides  the 
oblong  apron  D,  which  serves  as  a  frame  for  the  wheels 
EE,  Fig.  2,  which  roll  on  the  bar  C.     The  apron  wheels 
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lire  also  shown  dotted  in  Fig.  1.  The  cable  guide-wheels 
through  which  the  cables  move  are  retained  in  position 
by  small  bolts,  which  act  as  axles.  These  wheels,  of  course, 
have  curved  faces  to  suit  the  curvature  of  the  cables  and 
they  can  be  put  in  place  or  removed  by  taking  out  the 
axles,  which  are  j^rovided  with  oil  holes  for  the  purpose 
of  lubrication. 

The  machine  is  erected  in  the  shaft  a  distance  from  the 
hoisting  drum  equal  to  about  one-third  the  lieight  of  the 


building,  and  it  is  free  to  move  in  a  horizontal  direction 
either  toward  the  right  or  left,  thus  compensating  for  the 
angular  or  horizontal  travel  of  the  cables  as  they  are 
wound  on  or  otf  the  di-um,  the  machine  can  be  embedded  in 
the  wall  if  necessary  or  it  may  stand  out  from  the  wall 
any  desired  distance. 

As  the  device  is  built  wholly  of  iron  and  steel  and  also 
being  free  to  move,  its  weight  offers  just  enough  resist- 
ance to  prevent  the  caliles  from  swaying  appreciably. 


Putting  New  Stems  in   Corliss  Valves 


By  H.  K.  Low 


SYNOPSIS — Tlie  author  girfs  full  and  luiiiprehcmtive 
directions  for  putting  new  stems  in  Corliss  valres 
without  disturbing  adjustments,  although  keyways  must 
be  located  and  cut  in  each  valve  stem. 

The  first  thing  to  consider  before  preparing  to  mark 
off  the  new  keyways  is  the  way  the  T-head  on  the  stem 
fits  the  slot  in  the  end  of  the  valve.  Should  this  be  too 
loose  a  fit,  it  will  not  only  cause  a  disagreeable  click,  but 
the  noise  will  grow  louder  as  the  wear  increases,  and,  be- 
sides, lost  motion  at  this  point  causes  a  late  valve  open- 
ing. The  fitting  should  be  done  when  the  valve  and  new 
stem  are  of  the  same  temperature. 

Take  off  the  back  bonnet  and  draw  out  the  valve. 
Scrape  the  T-head  to  a  good,  snug  (not  tight)  fit.  Use 
a  try  square  from  the  end  of  the  valve  along  both  sides 
of  the  stem  to  see  that  it  lines  up  properly,  for  if  it  stands 
off  at  an  angle,  it  will  bind  in  the  gland  and  bonnet  guide, 
and  must  be  scraped  into  alignment.  It  does  not  re- 
quire much  scraping  at  this  point  to  make  a  considerable 
difference  in  alignment. 

After  being  satisfied  that  the  stem  is  parallel  with  the 
body  of  the  valve,  place  the  valve  back  in  the  port,  see 
that  the  dashpot  plunger  is  down  "solid"  on  the  bcittDin. 
and  the  valve  (we  are  considering  the  steam  valve  ikiw) 
is  on  the  lap.  Secure  the  valve  in  this  position  by  driv- 
ing a  wedge  in  between  the  valve  and  its  chamber.  .\ 
)>iece  of  copper  makes  an  excellent  wedge  for  this  pur]iosc. 
Measure  the  lap  with  a  pair  of  dividers  to  check  up  with 
when  the  job  is  finished. 

The  writer  is  assuming  that  the  reader  is  aware  that 
underneath  the  back  bonnets,  on  the  face  of  the  valve 
chambers,  and  on  the  end  of  the  valves,  are  marks  or  lines 
which  correspond  with  the  opening  edges  of  the  valve 
and  port. 

Having  secured  the  valve  in  position,  take  olT  tiie  front 
bonnet  and  remove  the  oid  stem.  See  if  it  is  numbered 
or  lettered.  Whetbei-  it  is  nv  not.  juit  a  good,  plain  fig- 
ure on  the  new  stem  corresponding  to  that  on  the  valve. 
This  will  lessen  the  chances  of  becoming  confused  .should 
two  or  more  stems  be  sent  to  the  .«hop  at  once.  Now 
try  the  new  stem  in  the  bonnet  to  see  that  it  fits  cor- 
rectly in  the  guide,  then  put  the  bonnet  and  stem  back 
in  the  cylinder  in  position. 

Place  the  crank  on  the  end  of  the  stem,  tapjiing  it 
lightly  or  just  enough  to  hold  it.  ta'sing  care  that  the 
valve  does  not  move  while  placing  the  pin  hole  in  the 
crank  in  line  with  the  hole  in  the  end  connection  of  the 
dashpot  rod.    When  the.«e  two  holes  are  in  lino  the  crank 


will  be  in  the  correct  i)ositioii  and  you  are  ready  to  mark 
the  keyway.  With  a  sharp-pointed  scriber  or  knife  blade 
mark  the  stem  from  the  keyway  in  the  crank.  Take  out 
the  stem  and  with  a  try  square  or  surface  gage  carry  out 
the  lines  the  required  length  on  the  stem. 

These  lines  can  be  marked  off  with  great  accuracy  by 
placing  the  stem  on  centers  and  using  a  surface  gage  from 
any  straight  surface.  The  keyways  in  the  exhaust-valve 
stems  can  be  laid  out  from  any  position  of  the  valve  and 
gear  if  care  is  taken  to  prevent  the  valve  from  moving 
by  using  the  copper  wedge,  as  described  above.  The  gear 
may  be  secured  by  putting  a  piece  of  cardboard  between 
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the  bub  of  the  wristplalc  and  the  washer,  setting  the  nut 
up  firmly.  Also  see  that  the  check  nuts  on  the  reach  rods 
to  the  wristplate  are  tight  against  the  end  connections  to 
jircvent  the  rods  or  ends  turning.  The  bonnet  and  its 
parts  can  be  assembled  coniplele  ami  the  keys  fitted  while 
these  parts  are  off  the  cylinder,  thus  remo\ing  any  danger 
of  moving  the  valve  out  of  its  iiosition  by  pounding  or 
jarring.  Should  it  be  desired  to  assemble  the  parts  with 
the  bonnet  in  position  on  the  cylinder,  the  following  meth- 
od of  putting  on  the  crank  may  be  used  w'ith  good  re- 
sults. Drill  a  hole  in  the  end  of  the  stem,  the  size  of  which 
should  be  in  pro]iortion  td  the  size  of  (be  stem  and  (he 
work  it  is  to  do.  .\ssunie  ;i  slem  wi(b  the  end  1'/.  in. 
in  diameter  where  (he  crank  fi(s. 

With  a  TiT"'"-  '1'"'"  .-"  'h^e|)  enougli  to  give  a  full  threart 
with  a  i/i-iii.  pipe  fa]i.  Take  a  piece  of  cold-rolled  steel 
i"^  in.  in  diameter,  and,  say,  7  in.  long.  Taper  one  ena 
slightly  and  cut  a  Ihrcad  on  this  end  with  a  14"'"-  P'P'' 
ilie.  Thread  two-thirds  or  more  of  the  remaining  length 
with  a  T^-in.  standard  die.  With  two  nuts,  one  checked 
up  hard  against  the  other,  this  draw  bolt  can  be  screwed 
firmly  into  the  end  of  Ihe  stem. 

Start  the  crank  on  the  stein,  using  a  stick  thai  is  just 
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the  width  of  the  keyway  to  place  tlie  keyways  in  line. 
Now  make  a  strap  of  a  piece  of  iron  or  steel,  drill  a  hole 
in  the  center  large  enough  to  go  over  the  draw  bolt,  sev- 
eral washers  if  large  enough  in  diameter  will  answer  the 
purpose.  Take  two  or  three  parallel  blocks  of  hard  wood 
or  steel,  somewhat  larger  or  wider  than  the  width  of  the 
crank  and  put  them  between  the  strap  and  the  face  of 
the  crank  hub,  just  clearing  the  edge  of  the  hole.  By 
screwing  up  on  the  nut,  the  crank  should  be  forced  on 
easily  and  without  leaving  a  mark.  The  illustration  shows 


the  crank  in  position  and  ready  to  be  forced  on  the  stem. 
The  draw  bolt  can  now  be  removed  from  the  stem  by 
means  of  the  two  nuts  locked  against  each  other  without 
injury  to  the  threads.  The  hole  in  the  end  of  the  stem 
can  be  fitted  with  a  plug  made  by  simply  cutting  a  1/4- 
in.  pipe  thread  on  a  piece  of  cold-rolled  steel,  and  saw- 
ing a  screw-driver  slot  in  it  by  which  it  can  be  screwed 
into  place,  and  when  finished  off  flush  and  polished, 
makes  a  very  neat  and  much  more  finished  appearance 
than  a  center  hole. 


Results  of   Tests   of   Spiro   Turbines 


By  HicitBEBT  Coward,  il.  K. 


SYNOPSIS — In  tenting  the  turbines  a  fan  dynamometer 
was  used,  the  fan  being  run  open  in  the  air  without  hous- 
ing, thus  giving  a  constant  load  at  a  given  speed.  Results 
of  the  teMs  are  indicated  by  the  several  curve  sheets. 

Early  in  1912,  when  the  Spiro  turbine  was  first  intro- 
duced to  the  public,  some  performance  results  were  pub- 
lished which  became  the  subject  of  considerable  discussion. 
The  tests  on  which  these  figures  were  based  were  made  non- 
condensing,  or  rather  condensing  at  zero  vacuum  and 
back  pressure,  and  resulted  in  a  water  rate  as  low  as  31.8 
lb.  per  b.hp.-hr.  on  a  loO-hp.  turbine. 

Since  the  ordinary  types  of  turbine  running  under 
these  conditions  have  water  rates  from  45  to  55  lb.  per 
b.hp.-hr.,  these  figures  were  received  with  considerable 
scepticism,  which  caused  the  manufacturers  to  undertake 
an  extensive  series  of  tests,  not  only  to  verify  or  dis- 
prove the  original  test  results,  but  to  determine  the  char- 


FiG.  1.    Fax  Dtxaiiojieter  axd  Motor 

acteristics  of  the  motor  under  varying  conditions  of  load. 
speed,  etc.,  so  that  dependable  data  might  be  had  to  suit 
the  vridely  varying  requirements  met  with  in  actual  ser- 
vice. 

It  was  arranged  with  the  writer  to  undertake  this 
series  of  tests  which  are  now  in  progress  and  partial  re- 
sults of  which  are  published  in  the  following.  It  is  the 
intention  to  follow  the  zero  back-pressure  tests  with  others 
at  various  vacuums,  and  preliminary  vacuum  tests  indi- 


cate very  interesting  economies.  Arrangements  are  also 
under  way  with  two  prominent  universities  who  will  each 
make  independent  tests  on  several  sizes  of  Spiro  turbines. 
To  apply  load  to  these  turbines  of  various  sizes  in  order 
to  secure  curves  covering  a  wide  range  of  speed  and  pres- 
sure variables,  it  was  necessary  to  devise  a  proper  dy- 
namometer. This  was  done  by  selecting  a  number  of 
sizes  of  air-blast  wheels,  or  fans,  with  diameters  ranging 
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Fig.  -l. 

from  8  in.  to  4  ft.,  especially  rugged  in  construction  to 
stand  up  under  heavy  absorption. 

In  calibrating  these  so  called  fan  dynamometers,  several 
interesting  facts  were  observed.  It  may  not  be  known  to 
the  majority  of  readers  that  a  blast  wheel  run  open  in 
the  air,  as  we  run  these  dynamometers,  requires  from  200 
to  260  per  cent,  more  power  at  a  given  speed  than  when 
in  a  housing  under  working  conditions.  The  fact  that 
the  load  builds  up  so  rapidly  in  free  air  and  that  it  is 
absolutely  constant  at  a  given  speed,  barometric  pressure, 
temperature  and  humidity,  makes  the  blast-wheel  djoia- 
mometer  ideal  for  speeds  between  1000  and  5000  r.p.m. 
The  correction  for  barometric  pressure,  humidity  and 
temperature  are  direct  corrections,  involving  no  guesswork 
or  estimating :  on  the  whole,  this  type  of  dynamometer,  if 
carefully  calibrated  to  start  with,  is  more  accurate  than 
any  other  type  of  absorption  dynamometer.' 

In  Fig.  1  is  shown  a  blast -wheel  and  variable-speed  test 
motor  ready  for  calibration.  In  order  to  avoid  the  pos- 
sibility of  error,  the  established  eSiciency  of  the  motor 
was  disregarded,  armature  current  only  was  read,  and  the 
result  corrected  for  no-load  current  and  7-ff  loss  for  each 
load  and  speed  condition,  the  resulting  figures  being  the 
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net  total  watts  iupiit  into  the  wheel  necessary  to  attain 
each  speed. 

From  these  results  curves  were  plotted  for  each  wheel 
with  horsepower  as  ordinates  and  r.p.m.  as  abscissas.  One 
of  these  curves  is  reproduced  in  Fig.  2. 

The  arrangement  for  making  tests  is  shown  in  Fif.  3. 
Steam  is  first  jiut  through  a  separator  and,  after  passing 


"i"'''f.'/////v//.'.'//j; 
Fig.  3.    Spiro  Turbine,  Condenser  and  Piping 

a  calorimeter  enters  the  turbine.  From  the  exhaust  it  is 
led  to  a  surface  condenser  arranged  with  an  air  vent  to 
break  the  vacuum  and  give  atmospheric  conditions  which 
were  further  determined  by  a  U-tube  manometer  capable 
of  indicating  the  slightest  amount  of  pressure  or  vacuum. 

The  condensate  was  allowed  to  flow  out  of  the  con- 
denser  into  a   tank  mounted  on  scales. 

Over  100  tests  arc  made  on  each  size  turbine  at  vary- 
ing load,  speed  and  steam  pressure.     Tiie  results  of  the 


dicates  that  the  maximum  power  has  not  been  reacnecl. 
In  Fig.  5  the  curve  shows  how  the  steam  consumption  de- 
creases with  an  increase  of  speed.  As  this  curve  still 
has  a  downward  direction  at  the  highest  speed  it  indi- 
cates that  the  point  of  maximum  economy  was  not  reached 
within  the  limits  of  this  test. 

Curves,  Figs.  6  and  7,  are  for  the  100-hp.  turbine  and 
show  respectively  the  variation  of  horsepower  with  pres- 
sure, and  the  variation  of  water  rate  with  pressure.  Fig. 
6  curve  shows  how  the  horsepower  increases  with  the 
steam  pressure.  One  hundred  pounds  pressure  was  the 
maximum  available  at  the  place  and  time  of  this  test,  but 
the  nature  of  the  curve  indicates  that  considerable  higher 
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pressure  could  be  used.  In  Fig.  7  the  curve  shows  how 
the  steam  consumption  decreases  with  increased  steam 
pressure.  As  it  was  seen  from  Fig.  6  that  the  maximum 
pressure  has  not  been  reached,  still  better  economy  can 
be  expected  at  the  higher  pressures. 

These  examples,  taken  at  random  from  the  tests  so  far 
completed,  seem  to  prove  conclusively  that  the  Spiro  tur- 
bine is  an  exceedingly  economical  motor. 


There  is  being-  built  at  Beldens,  Vt..  for  the  Vermont 
Marble  Co.,  of  Proctor,  a  new  power  plant,  for  furnishing  elec- 
tric power  to  the  quarries  in  the  neighborhood  of  Proctor. 
40  miles  away.  There  are  to  be  two  units  of  1200  hp.  each, 
directly  connected  to  800-kw.  Westinghouse  generators  and  run- 
ning at  300  r.p.m.  Each  unit  is  a  1200-hp.  double  turbine 
manufactured  by  the  S.  Morgan  Smith  Co.,  York.  Penn.,  the 
turbines  having  runners  33  in.  in  diameter,  on  a  horizontal 
shaft,  and  the  flow  of  water  being  controlled  by  the  familiar 
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tests  for  a  6-hp.  turbine  at  100  lb.  pressure  are  shown  in 
Figs.  4  and  o.  the  first  being  the  variation  of  horsepower 
with  revolutions  per  minute  and  the  second,  the  variation 
of  water  rate  with  revolutions  per  minute  and  horsepower. 
It  is  interesting  to  note  tiiat  the  att.sence  of  loo])  on 
either  curve  indicates  that  conditions  of  maximum  econ- 
omy have  not  as  yet  been  reached.  The  curve,  Fig.  I. 
shows  how  the  power  increases  witii  the  speed.  As  this 
curve  varies  but  slightly  from  a  strniglit  line,  the  horse- 
power approximately  varies  directly  as  the  speed.  The 
direction  and  nature  of  the  curve  at  its  iiighest  point  in- 


the    turbines   runs 


wicket-gate    system.      The    discharge 
through  a   draft  tube   16   ft.   in  depth. 

This  plant  is  practically  a  duplicate  of  a  plant  built  In 
1910  at  Huntingdon  Falls,  about  two  miles  from  Beldens. 
Hoth  |)lants  will  operate  over  the  same  set  of  transmission 
lines  at  high  voltage,  all  of  the  power  being  used  In  the 
neighborhood   of  Proctor. 


The  University  of  Cincinnati  shortly  after  the  flood  de- 
tailed Prof.  A.  Wilson  and  six  senior  students  of  the  electri- 
cal course  to  go  to  Hamilton.  Ohio,  and  assist  In  the  re- 
hablUntlon  of  the  power  plant  and  water-works.  The 
students  rendered  valuable  assistance  in  getting  both  systems 
In  operation  again   within   the   week. 
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Nordberg  Long-Range  Valve-Gear 


SYNOPSIS — This  valve-gear  is  designed  to  give  a  long- 
range  cutoff  without  the  customary  two  eccentrics.  The 
mechanism  of  the  governor  and  the  cutoff  gear,  which 
is  operated  by  a  separate  eccentric,  makes  this  possible. 
A  valve-gear  of  different  design  is  used  on  engines  run- 
ning at  a  speed  of  150  r.p.m.  or  more. 

The  Xordberg,  loug-raiige,  valve-gear.  Fig.  1,  secures  a 
long  range  of  cutoff  without  the  aid  of  a  double-eeceutrie 
gear.  The  arrangement  of  drop  arm,  valve  arm  and  hook 
are  essentially  the  same  as  in  the  Xordberg  standard  gear. 
There  is,  however,  a  difference  in  that  the  hook  D  is  posi- 
tively thrown  in  and  out  of  engagement  with  the  drop 
arm  H  by  means  of  a  lever  G,  which  terminates,  through 
a  roller  R,  in  an  oscillating  cam  E.  This  cam  is  hung  on 
an  extension  C  of  the  valve  arm  ABC  and  has  two  con- 
centric circular  slots  whose  center  is  the  point  of  sus- 


FiG.  1.   Xordberg  Loxg-Raxge  Talve-Gear 

pension  of  the  cam.  The  two  circular  slots  are  joined  by 
a  transition  slot.  When  the  roller  passes  from  one  slot 
to  the  other,  the  hook  is  released  or  engaged.  Xo  relative 
motion  between  the  cam  and  roller  is  produced  by  the 
motion  of  the  wristplate,  that  is,  with  the  engine  stand- 
ing still  and  the  wristplate  rocked  through  its  entire 
range,  the  trip  steels  remain  stationary  relative  to  each 
other. 

The  cam  E  is  oscillated  about  its  point  of  support 
through  a  cutoif  rod  F,  which  receives  its  motion  from  a 
separate  eccentric,  the  throw  of  which  corresponds  ap- 
proximately to  the  length  of  each  of  the  circular  slots.  If 
the  engine  is  running  below  normal  speed  and  the  gov- 
ernor is  resting  on  the  collar,  the  roller  remains  in  the 
lower  slot,  the  hook  steels  :  -main  in  contact  and  steam  is 
admitted  the  full  stroke  of  the  piston.  With  the  engine 
at  normal  speed  and  no  load,  the  governor  is  in  its  high- 
est position  and  the  roLer  remains  in  the  upper  slot  of 
the  cam.  the  trip  steels  remain  disengaged  and  no  steam 


Fig.  2.    Lo^G-EAXGE  Valve-Gear  and  Govebnoe 
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Fig.  3.    Diagraiis  Showing  Vaetixg  Cutoff 

is  admitted  to  the  cylinder.  The  cutoff  takes  place  coin- 
cident with  all  the  intermediate  positions  taken  by  the 
governor,  which  changes  the  center  of  oscillation  of  the 
cams,  between  the  two  ex'treme  limits  described. 
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The  center  of  oscillation  of  the  cams  is  controlled  by 
the  governor  in  such  a  manner  as  to  free  it  from  any  re- 
action due  to  movement  of  the  knock-off  eccentric.  For 
this  purpose  the  motion  of  the  governor  and  eccentric  is 
transmitted  to  the  cams  through   the  mechanism  illus- 


FiG.  4.    X()i(i)iii;i;(;   iriGii-Si-icED  X'alve-Geau 

tralcd  by  Fi;;.  2.  This  consists  of  a  iiarallclogram  whose 
main  lever  is  supported  1)y  a  bracket  on  the  governor,  free 
to  swing  al)out  tlie  point  P,  and  which  is  driven  by  tliu 
knock-off  eccentric  rod  E.  At  the  bottom  end  of  this  lover 
is  hung  the  thrce-arined  lever  K,  the  two  vertical  ends  of 
this  lever  being  connected  to  the  knock-off  cams  and  the 
horizontal  arm  connected  by  a  rod  ])arallcl  to  the  main 
]c\cr  A,  the  up])er  end  fif  wliich  is  coniicctcd  to  the  gov- 
ernor at  the  point  R. 

As  this  parallelogram  is  (iscillnlcd  hy  the  knn(l<-iin'  cr- 
ceiitric-drive  rod,  its  sides  remain  |iaiaMcl,  thcrcfure,  the 
lever  K  always  moves  in  a  ]>osilion  parallel  to  itself. 
Should  a  change  of  load  occur,  the  governor  litis  or  iowci's 
the  [loint  R.  thus  changing  the  angularity  of  tlir  level'  K 
and  ihiingiiiLT  the  center  <  if  oseilhit  ion  of  the  cams  am!  the 
p(iil:l    of  ei||,,lT. 

l''ig.  3  shows  five  cards  from  a  Xordlierg  Corliss  engine, 
fitted  with  long-range  gear,  manufactured  by  the  Nord- 
berg  Manufacturing  Co.,  ATiJwaukee,  Wis.  These  cards 
show  the  wide  range  of  cutoff  obtained  under  fidl  control 
of  the  governor.  At  normal  load  the  eiiloff  is  at  1.  and 
this  is  increased  uji  to  O.S  cutoff  with   '!<»)  per  cent,  of 


the  normal  load.  This  feature  enables  an  engine  to  carry 
high  overloads,  and  to  take  care  of  sudden  jjeak  loads 
without  impairing  regulation.  Again,  it  permits  an  en- 
gine to  carry  heavy  loads  with  the  steam  pressure  below 
normal. 

The  gear  shown  in  Fig.  2  is  well  adapted  for  high  speed 
of  rotation,  because  engagement  and  release  of  the  trip 
steels  is  positive  and  effected  without  the  aid  of  springy 
or  gravity.  But  for  engines  which  are  to  run  at  very 
high  speeds,  that  is,  150  revolutions  or  more,  the  type  of 
gear  illu.strated  in  Fig.  -i  is  used.  The  essential  difference 
between  this  and  the  gear  for  ordinary  speeds  is  that  it  is 
symmetrical  with  respect  to  a  central  plane,  there  being 
no  overhung  parts,  with  the  exception  of  the  full-stroke 
cam.  Therefore,  there  are  no  bending  strains  which,  at 
high  speeds,  become  serious  in  a  valve-gear  of  the  overhung 
type.  The  valve  stem  has  two  bearings  in  the  bonnet  out- 
side of  the  stuffing-box,  and  the  drop  arm  is  keyed  to  the 
stem  between  these  two  bearings.  The  end  thrust  of  the 
stem  is  taken  up  by  a  hardened-steel  plate  located  in  the 
bonnet  cap,  instead  of  by  a  collar. 

The  bearing  surfaces  are  several  tinu\s  larger  tiian  those 
on  the  ordinary  gear,  which  reduces  wear.  The  valve-gear 
has  small  travel  and  to  secure  positive'  and  sharp  action, 
spring  dashpots  arc  used,  as  shown. 

In  order  that  tlie  valve-gear  may  have  small  travel  and 
at  the  same  time  gi\e  ample  port  area,  the  valves  used  on 
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engines  cqiii]iped  with  this  gear  are  of  the  Xordberg  four- 
ported  ty|>e,  illustiated  by  Fig.  5.  The  combination  of  this 
high-speed  gear  ciimimiles  lost  Tiiotion,  and  as  the  cutolT 
is  controlled  by  a  separate  knock-off  eccentric,  close  regu- 
lation is  secured. 
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When  the  exhaust  valve  is  closed,  the  valve  cavity  is 
not  thrown  into  the  clearance.  It  is  essential  to  have 
small  clearance  in  engines  of  this  type,  because  with  high 
rotative  speed  the  stroke  must  be  shortened  to  keep  the 
piston  speed  within  reasonable  limits. 

Pump  Working  under  Water 

By  ^^'.  S.  STANDtKiiun 

During  the  recent  flood  at  Youngstown.  Ohio,  there  was 
one  industry,  Renners  Brewery,  that  worked  continuously 
throughout  the  flood  period.  The  pumping  station  of  the 
brewery,  located  on  the  bank  of  the  JIahoning  River,  was 
the  object  of  much  comment.  As  the  water  kept  rising, 
an  extension  was  ]Hit  on  the  exhaust  pipe  of  the  pump 


Puiip  Operating  Subileiigeu  under  3  Ft.  of  WAri:u 

to  prevent  the  pipe  and  pump  from  flooding,  thus  forcing 
a  suspension  of  the  plant's  operation. 

The  water  completely  submerged  the  building  and  rose 
to  within  6  in.  of  the  top  of  the  pipe,  with  6  ft.  of  water 
over  the  pump.  The  illustration  shows  the  pump  work- 
ing under  3  ft.  of  water.  As  the  water  receded,  an 
employee  crawled  out  over  the  pipe  line  and  decorated 
the  pump  house  with  the  "Stars  and  Stripes,"  in  recogni- 
tion of  the  ser\'ices  the  machine  had  rendered.  The  pump 
house,  a  substantial  structure,  withstood  the  torrent  that 
carried  manv  another  building  down  stream. 


Thread-Tight  Pipe  Compound 

A  pipe-joint  compound  which  has  the  approval  of  en- 
gineers is  known  as  "Thread-Tight."  This  paste  has  been 
compounded  with  the  purpose  of  making  threaded  joints 
tight  and  to  not  harden  after  being  subjected  to  the  in- 
fluences of  either  heat  or  cold  and  consequently  permit 
of  joints  being  tmscrewed  with  but  little  effort. 

This  paste  compound  will  adhere  equally  as  well  to  wet 
as  to  dry  threads ;  an  important  thing  in  the  process  of 
repair  work.  It  is  also  for  use  on  flange  joints,  being 
applied  in  connection  with  a  gasket  of  thin  paper,  which 
is  tised  merely  as  a  means  of  holding  the  paste  in  place 
until  the  two  flange  faces  are  brought  together. 

Regarding  its  adaptability  in  preventing  leakage  in 
screwed  joints,  one  user  of  the  compound  states  that  it 


was  used  on  a  threaded  pipe  joint  made  hand  tight,  no 
pipe  wrench  being  used,  and  the  joint  tested  at  350  lb. 
hydraulic  pressure  without  showing  leakage  and  with  a 
similar  result  with  a  steam  pressure  at  110  lb. 

This  thread  paste  is  made  by  the  Thread-Tight  Co., 
U.  8.  Exi)ress  Bldg.,  2  Rector  St.,  New  York  City. 

Motor-Driven  Coal   Hopper 

Motor-driven  coal  hopi)ers,  which  can  take  coal  from 
bunkers  located  anywhere  and  deliver  it  to  any  boiler  in 
a  battery,  are  coming  into  favor.  Their  use  does  away 
with  the  system  of  overhead  bunkers  and  individual 
chutes  for  each  boiler,  and  permits  all  the  coal  to  be  con- 
centrated in  one  bunker  instead  of  in  a  series  of  pockets. 

The  bunkers  can  be  placed  at  one  end  of  the  boiler 
room,  or,  for  that  matter,  outside  if  necessary,  so  that 
the  boiler  room  can  be  designed  and  located  with  greater 
freedom,  and  plenty  of  space  left  above  the  boilers  for 
light  and  air. 

The  hopper,  as  shown,  runs  on  a  trackway  parallel  to 
the  front  of  the  boilers  and  is  controlled  by  an  operator 
in   the   same   manner   as   an   overhead  crane.     Accurate 


Motor-Operated  Coal  Hopper 

scales  on  the  hopper  make  it  possible  to  keep  a  precise 
record  of  the  fuel  burned  by  any  boiler.  If  desired,  a 
recording  device  can  be  installed  so  that  a  printed  record 
of  the  weight  of  every  discharge  can  be  made  by  the 
ojjerator.  The  hopper  runs  under  the  bunker  and  is  filled 
l)y  the  operator,  the  scales  indicating  when  the  hopper  is 
full.  It  is  then  run  into  the  boiler  room  and  delivers  the 
coal  where  wanted. 

This  hopper   is   manufactured   by   the   Bergen    Point 
Iron  Works,  Bayonne,  X.  J. 


The  Toronto  Hydro-electric  Light  and  Power  Comission 
has  just  issued  its  report  of  operations  for  the  past  year. 
The  gross  income  amounted  to  ?726.763.55;  the  cost  of  gene- 
rating power,  including  maintenance,  repairs  and  manage- 
ment was  $500,564.26  and  interest,  sinlting  fund  and  deprecia- 
tion amounted  to  $212,643.38.  This  leaves  a  net  surplus  of 
$13,555.91,  an  excellent  showing  when  it  is  considered  that 
the  commission  is  just  embarking  upon  its  third  year  of 
operation 
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Primer  of  Electricity 

A  lap-couiiected  winding  may  he  ronnected  to  the  com- 
mutator in  either  of  two  ways,  commonly  termed  "right- 
handed"  and  "left-handed."  A  right-handed  winding  is 
one  that  progresses  to  the  right,  tracing  through  each 
coil  from  its  left-side  terminal  to  its  right-side  terminal , 
Fig.  166  illustrates  this  definition.  Here  are  represented 
four  single-turn  coils.  A,  B,  C  and  D,  connected  to  com- 
mutator bars  right-handedly.  Starting  at  the  left-side 
terminal  a  of  the  coil  A  and  tracing  through  that  coil 
and  the  adjacent  ones  leads  the  tracer  to  successive  coils 
and  commutator  bars  to  the  right  of  the  coil  .4  and  bar 
1.  Fig.  167  illustrates  the  left-handed  winding;  the  pro- 
gression from  coil  to  coil  and  bar  to  bar  being  to  the  left 
(if  the  starting  point.  In  both  cases  the  start  is  made 
at  the  left-side  terminal  of  the  first  coil  (A)  and  the  ])ath 
through  eacli  coil  is  ''clockwise." 

The  following  rules  are  fundanu'ntal  for  simple  lap- 
connected  drum  windings : 

1.  The  terminals  of  each  coil  of  the  winding  must  be 
connected  to  adjacent  commutator  bars. 
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Fig.  166.    Part  of  a  Right-Haxded  Drpm  Winding 
Fig.  167.  Part  of  a  Lkft-Haxhed  Drum  Wixnixo 

2.  The  left-side  terminal  of  every  coil  must  be  con- 
nected to  the  same  commutator  bar  with  the  right-side 
terminal  of  the  coil  next  to  it  in  "commutator  sequence." 

3.  In  a  right-handed  winding  the  right-side  terminal 
of  each  coil  is  connected  to  the  same  commutator  bar  as 
the  left-side  terminal  of  the  coil  next  in  commutator  se- 
(pience  to  the  right  of  it.  (To  the  right  means  in  the 
(lockwisc  direction  around  the  core,  facing  the  com- 
mutator.) See  Fig.  168.  where  the  right-side  terminal 
of  the  coil  A  A'  is  connected  to  the  same  bar  as  the  left- 
side terminal  of  the  coil  Bli',  which  is  next  to  the  right 
of  it  in  commutator  sequence. 

4.  Tn  a  Icft-handerl  winding  the  right-side  terminal 
of  each  coil  is  connected  to  the  same  crimmutator  bar  as 
the  left-side  terminal  of  the  coil  next  tn  the  Ifff  of  it  in 
cnmmutntnr  sequence.  Sec  Fig.  160.  where  the  right-side 
terminal  of  the  coil  AA'  is  connected  to  the  same  bar  as 


the  left-side  terminal  of  the  coil  BB',  whicli  is  next  to  the 
left  of  it  in  commutator  sequence. 

"Commutator  sequence"  is  the  sequence  in  which  coils 
are  connected  to  the  commutator.  Referring  to  Fig.  170, 
for  example,  the  coil  B  is  next  to  the  coil  A  in  commutator 
sequence  because  its  left-side  terminal  is  connected  to  the 
commutator  bar  next  to  the  one  to  which  the  left-side 
terminal  of  the  coil  A  is  connected.  The  coil  side  lying- 
between  the  sides  of  the  coils  A  and  B  is  of  the  opposite 


168.    Preferred  Arrangement  of  Right-Handed- 
Coil  Terminals 
Fig.  169.  Preferred  Arrangement  of  Left-Handed 
Coil  Terminals 

'  hand" ;  that  is,  the  coil  side  between  the  left  sides  of 
the  coils  A  and  B  is  a  right  side,  and  the  coil  side  between 
the  right  sides  A'  and  B'  is  a  left  side.  Their  terminals 
lead  away  from  those  of  the  coils  AA'  and  BB',  as  indi- 
cated by  the  dotted  lines. 

In  order  to  produce  the  smallest  number  of  overlap- 
pings  between  the  terminals  leading  from  the  armature  to- 
the  commutator  of  a  bipolar  machine,  the  terminals  in  a 
right-handed  winding  must  be  led  to  bars  in  the  upper 
half  of  the  commutator  (the  coil  being  in  a  substantially 
horizontal  plane)  ;  tlie  reverse  is  true  for  a  left-handed 


Fig.  170.  Right-Handed  Connections  for  Four  Poles 
Fig.  171.   Left-Handed  Connections  for  Four  Poles 

winding.  Figs.  168  and  169  illustrate  these  conditi-":.-^. 
If  the  winding  in  Fig.  168  were  connected  left-naiuledly, 
the  terminals  of  each  coil  would  cross  each  other  be- 
tween the  armature  and  the  coTiimutator.  because  tlio 
right-side  terminal  of  coil  CC  would  have  to  he  connected 
to  the  same  bar  with  the  left-side  terminal  of  cnil  7?/?'. 
and  so  on.  This  would  he  true  also  of  Fig.  160  if  the  con- 
nections W(>rc  changed  to  right-handed. 

Tn  all  u'ullipolar  machines,  the  winding  must  he  of  the 
right-handed  type  to  avoid  having  the  terminals  of  each 
coil  cross  each  other.  Figs.  170  and  171  illustrate  this; 
in  the  former,  representing  a  right-hand  winding,  the 
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termiuals  of  any  one  coil  do  not  cross  each  other,  whereas 
in  Fig.  171,  representing  a  left-handed  winding,  the  ter- 
minals of  every  coil  cross  each  other.  These  windings  are 
for  an  armature  to  work  with  a  four-pole  field  magnet. 

A  dynamo  or  motor  will  operate  just  as  well  with  a  left- 
handed  as  with  a  right-handed  winding,  hut  either  the 
brush  polarities  or  the  direction  of  rotation  will  be  re- 
versed. Fig.  172,  for  example,  shows  the  correct  brush 
polarities  for  clockwise  armature  rotation  with  a  right- 
handed  winding  connected  as  shown  in  Fig.  IGS;  if  the 
winding  were  connected  left-handedly,  the  brush  A  would 
be  positive  and  the  brush  B  negative,  and  the  connections 
between  the  brushes  and  the  field  winding  would  have  to 
be  reversed  in  order  to  maintain  the  same  field  polarity; 
or  else  the  direction  of  rotation  would  have  to  be  reversed 
in  order  to  keep  the  brush  polarity  unchanged. 

The  brush  position  here  represented  is  correct  for  a 


Fig.  172.    BiiisH  Positioxs  .\xn  Pol.\rities  with 
Symmetrical  Coil  Leads 


Vui.   17;!.    .Symmetrical  (on.  Lkads 
174.  Extreme  BACKWARn  TTnsy.m.metrkal  Leads 


Fig.   175.    Brush  Positions  axd   Polarities   with 
Extreme  Backward  Unsymmetrical  Leads 

winding  in  which  the  two  leads  or  terminals  of  each 
coil  are  of  equal  lengths,  as  illustrated  in  Fig.  173.  If 
the  left-side  lead  were  brought  straight  out  from  the  left 
side  to  the  commtitator,  parallel  with  the  armature  shaft, 
the  right-side  terminal  would  have  to  extend  almost  across 
the  armature  head  to  reach  the  proper  commutator  bar, 
and  the  two  bars  corresponding  to  any  one  coil  would  be 
almost  in  line  with  the  left  side  of  the  coil,  as  in  Fig. 
174.  Consequently,  the  brushes  would  have  to  be  located 
as  shown  in  Fig.  175.  The  effect  is  as  though  the  coils 
had  been  connected  svTnmetrically,  and  the  commutator 
twisted  backward  nearly  90  deg..  making  it  necessary  to 
shift  the  brush  position  backward  to  the  same  extent. 


Changing    from    Sixty    to    Twenty-five 
Cycles 

In  a  plant  using  alternating  current  at  60  cycles  it  was 
recently  necessary  to  have  available  current  at  a  frequency 
of  25  cycles.  The  infrequent  demand  for  it  and  the  small 
quantity  required  did  not  warrant  the  purchase  of  a  ma- 
chine for  that  purpose  so  it  was  decided  to  obtain  it  from 
a  60-cycle  apparatus  on  liand. 

A  three-phase,  15-kw.,  115-volt,  60-cycle,  6-pole,  re- 
volving-field alternator  with  direct-connected  exciter  was 
pressed  into  use  for  this  service.  To  produce  a  frequency 
of  25  cycles  the  speed  was  reduced  from  1200  to  500 
r.p.m.  As  the  field  of  the  exciter  was  designed  for  125- 
volt  excitation,  it  was  impossible  to  build  up  the  field  to 
normal  strength  with  the  direct-connected  exciter,  due  to 


Fig.  1.    Parallel-Star  Windixg 


ffrea/r  in  line  npresenh 
side  of  coil  ■"  —- 


Fig.  2.    Series-Star  Wixdixg 

the  reduction  in  speed.  The  brushes  were  therefore  re- 
moved from  the  commutator  of  the  exciter  and  the  two 
slip  rings  were  connected  to  a  110-volt,  direct-current 
supply  circuit  with  the  rheostat  in  series.  This  arrange- 
ment gave  al)out  50  volts  alternating  current  across  any 
two  of  the  three  leads  of  the  generator,  which  was  too 
low  for  the  purpose.  An  examination  of  the  alternator 
armature  showed  the  windings  to  be  connected  parallel- 
star,  as  in  Fig.  1 :  this  was  changed  to  series-star,  as  in 
Fig.  2,  doubling  the  number  of  turns  in  series  and  con- 
sequently the  voltage.  Cutting  out  resistance  with  the 
rheostat  easily  raised  the  voltage  to  120  volts,  which  was 
ample  for  the  purpose  for  which  it  was  required. 
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The  Illmer  Two-Stroke-Cycle  Gas 
Engine 

The  first  gas  engine  of  American  origin  to  einplciy  the 
douhle-acting,  two-stroke  cycle  has  recently  been  jxil  (uit 
bv  the  Eeading  Iron  Co.  from  the  designs  of  Louis  lilmer, 
Jr..  who  has  devoted  the  past  eight  years  toward  perfect- 
ing this  product. 

The  engine  is  of  the  slow-speed  typje,  designed  lor 
heavy-duty  service  along  the  lines  of  steam-engine  prac- 
tice, and  the  aim  throughout  has  been  to  reduce  to  a 
minimum  the  number  of  working  parts,  the  theory  being 
that  a  multiplicity  of  working  parts  greatly  increases  the 
liability  to  shutdown.  In  carrying  out  this  idea  a  num- 
ber of  unusual  features  have  been  embodied. 

In  the  first  place,  all  previous  applications  of  the 
douljle-actiug,  two-stroke  cycle  have  employed  separate 
air  and  gas  pumps.  In  the  Illmer  engine,  however,  this 
work  is  accomplished  by  a  single  pump  of  the  double-act- 
ing type,  the  stratification  principle  being  employed  in 
scavenging  and  in  the  admission  of  the  charge. 

A  second  mark  of  individuality  is  the  valve  gear,  which 
is  a  distinct  de])arture  from  usual  practice.  This  is  jiosi- 
tively  actuated  by  means  of  an  eccentric  drive,  the  inlet 
valves  being  oi)ened  and  closed  by  a  double-toggle  linkage, 
as  shown  in  Fig.  1 ;  there  is  a  total  absence  of  springs, 
except  for  the  small  ones  on  the  igniters.  'l>h  this  way 
])roperly  accelerated  and  retarded  movements  are  im- 
parted to  the  valves  and  cause  them  to  seat  gently,  the 
valves  being  pressed  on  their  seats  by  a  sliglit  springing 
of  the  rocker  shaft.  Provision  is  made  for  independent 
adjustment  by  having  all  the  link  pins  bronze  bushed 
and  the  links  provided  with  keepers  to  allow  for  wear. 
The  pump  valves  are  actuated  direct  from  the  wristplatc. 


Fig.    2.    PfMP   SidI':   of   Cylinder 

As  Ihe  engine  is  of  the  two-stroke-cycle  type,  there  are,  of 
course,  no  exhaust  valves. 

The  inlet  valves  are  of  the  annular  poppet  type,  coaxial 
with  the  cylinder,  and  that  on  the  crank  end  surrounds 
the  piston  rod  (see  Fig.  3).  They  slide  in  housings,  and 
suitable  packing  is  provided.  Tliis  arrangement  permits 
a  large  inlet  port  opening  into  the  power  cylinder  (about 
2.5  per  cent,  of  the  piston  area)  and  thus  tends  to  reduce 
the  pump  work,  which  is  said  not  to  exceed  5  per  cent,  of 
the  indicated  power  of  the  engine. 

Replaceable  liner  sections  are  fitted  to  the  jjower  cyl- 
inder, and  the  exhaust  ports,  drilled  into  the  inner  liner 
ends,  are  surrounded  liy  an  annular  exhaust  chamber  cast 
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integral  with  the  cyliiidei-.  A  haudhole  in  the  exhaust 
chamber  admits  of  cleaning  the  exhaust  ports  and  also 
provides  a  means  for  inspecting  the  piston  rings. 

The  engine  is  of  the  side-crank  type,  a  drag  crank 
being  provided  for  driving  the  pump  piston  and  the 
governor. 

Priir  Details 

Fig.  2  is  a  view  of  the  cylinder  from  the  ])unip  side, 
and  Fig.  3  is  a  section  through  the  power  cylinder,  inlet 
valves,  pump  cylinder  and  ducts  representing  that  posi- 
tion in  which  the  air  and  gas  are  being  drawn  into  the 
pump  on  the  head  end  (right)  and  the  charge  forced  into 
the  working  cylinder  on  the  crank  end   (left). 

Following  through  the  pump  cycle,  first  consider  only 
the  head  end  with  the  pump  piston  just  beginning  its 
travel  toward  the  left.    The  valve  1'  would  then  be  rotat- 


tun  has  just  passed  midtravel  on  the  suction  stroke,  an' 
indicated  in  the  sketch  (head  end). 

By  the  time  the  pump  piston  has  reached  the  end  of  its 
stroke,  the  valve  V  will  have  rotated  in  a  clockwise  direc- 
tion so  as  to  close  ports  A  and  D  and  start  to  open  port 
E.  During  the  first  part  of  the  return  or  discharge 
stroke  the  charge  is  compressed  slightly.  Just  previous 
to  the  pump  piston  reaching  midstroke  the  power  piston 
uncovers  the  exhaust  ports  and  simultaneously  the  inlet 
valve  opens. 

Port  E  is  now  entirely  uncovered  and  a  free  passage  is 
established  between  the  pump  cylinder  and  the  lower 
end  of  duct  F.  Hence  part  of  the  air  is  forced  through 
ports  B  and  E,  pushing  the  column  of  gas  ahead  of  it 
and  at  the  same  time  the  rest  of  the  air  is  forced  through 
passage  G,  around  F,  and  meets  the  gas  at  the  mixing 
l)orts  //. 


TO  60VERSOR ->^ 
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Fig.  3.  Section'  thkough  Cylixder  and  Pump.  Illustratixg  Stratificatiox  of  Charge 


ing  counter-clockwise,  so  as  to  uncover  the  jjorts  A  and 
D ;  B  and  C  already  being  open.  This  permits  air  to  be 
sucked  through  A  and  B ;  also,  residual  air  from  the  pre- 
vious charge,  which  has  remained  in  the  upper  part  of 
duet  F,  is  drawn  into  the  pump  cylinder  through  passage 
G.  The  latter  creates  a  suction  in  duct  F,  and  draws  in 
gas  through  ports  C  and  D,  the  height  to  which  the  gais 
rises  in  F  depending  upon  the  governor,  which  controls 
the  throttle  valve  T.  The  air  lying  behind  the  inlet  valve 
in  the  pocket  /  is  not  displaced  by  the  suction  of  the 
pump,  but  remains  in  this  position  during  the  entire  pe- 
riod of  inlet  closure  to  be  introduced  into  the  power  cyl- 
inder as  scavenging  air  ahead  of  the  next  charge.  The 
relative  positions  of  the  air  and  gas  when  the  pump  pis- 


The  residual  air  in  the  pocket  /  and  any  air  ahead  of 
the  body  of  gas  will  have  been  forced  ahead  of  the  mix- 
ture to  scavenge  the  cylinder  of  burnt  gases.  The  crank- 
end  view  of  Fig.  3  represents  the  position  taken  by  the 
mixture  charge  at  the  instant  of  entering  the  power  cyl- 
inder. 

Wlien  the  inlet  valve  closes,  the  mixture  will  have  been 
forced  into  the  power  cylinder  and  the  air  lying  behind 
it  serves  as  scavenging  air  for  the  next  charge. 

A  bypass  (not  shown)  connects  the  two  ends  of  the 
pump.  By  setting  the  valve  in  this  the  air  may  be  ^o 
regulated  as  to  control  the  position  of  the  mixture  within 
the  power  cylinder. 

The  air-check  valve  (not  shown)  in  the  passages  G  and 
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G'  opens  inward,  so  as  to  provide  a  free  passage  of  air 
toward  the  pump.  On  the  discharge  stroke  of  the  pump 
tl'c  check  closes  and  the  air  has  to  pass  around  the  valve, 
the  opening  being  made  adjustable  by  the  setting  of  a 
lever.  Accordingly  a  relatively  large  body  of  gas  may  be 
sucked  into  the  duct  F  without  being  aifected  perceptibly 
by  any  throttling  adjustment  made  for  the  air  discharge 
through  the  connections  G  or  G',  whereby  to  adjust  the 
ratio  of  air  to  gas  in  the  mixture  charge. 

The  ])urpose  of  the  walls  J  and  /  is  to  form  pockets, 
which  cause  the  air  to  eddy  and  spread  before  discharging 
into  the  neck  of  the  ducts. 

An  important  feature  of  the  power-cylinder  design  are 
the  lugs  of  baffles  K  and  A''.  The  charge  enters  the  cyl- 
inder in  the  form  of  a  hollow  cone  around  the  inlet  valve, 
and  strikes  the  baffle  A  or  A''  approximately  normal  to 
its  direction  of  flow.     This  causes  the  mixture  to  whirl 
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and  lose  much  of  its  velocity  spreading  over  the  cyliiidcr 
and  driving  out  the  scavenging  air. 

Proper  spreading  of  the  charge  is  largely  facilitated  liy 
a  new  principle  embodied  in  the  cylinder-head  construc- 
tion, namely,  the  turning  of  the  working  charge  and  im- 
parting to  it  a  direction  of  flow  parallel  to  the  power  cyl- 
inder axis  before  discharging  it  through  the  inlet  port. 

The  engine  shown  in  the  illustration  is  rated  at  300 
hp.,  and  has  for  some  time  been  carrying  the  entire  shop 
load  of  the  Scott  Foundry  Department  of  the  Reading 
Iron  Co.  It  operates  on  producer  gas.  A  similar  one  of 
500  hp.  is  nearing  completion. 

Fig.    4    is    a    reproduction    of    an    indicator    diagram 


Fi(i.  .5.    JNnicATOR   Diagram   rRoxt  Pump 

taken   under  o])erating  conditions,  and    Fig.  .j  shows  an 
indicator  diagram  taken  from  the  jiunip. 

Tkst  ok  KXGIXK 

in  the  following  table  are  given  the  results  of  a  331/^- 
!ir.  full-load  test  on  this  engine: 


TEST  OF  300  IIP.   ILLMER  GAS  ENGINE 


Durntic 


I  of  trat.  Iir .1.31 

Grade-  of  roal  Wcfltmort-land  bituminous  Cgi  14,100  B.t.u._pcr  lb.  nn  ukctI 

ChurncUT  of  load Water  rhr-ostat 

AvornKC  loud  rpgistered  on  calibrated  recording  ammeter,  amp 774 

Average  voUagc  (concctcd) 2!>3 

Average  rt.vflnped  load,  l<w .196 

Average  developed  load,  B.hp 284 

Power  refinired  for  auxiliaries,  kw II 

Power  required  lor  auxiliaries,  B.hp 16 

COAL  BURNED 

Fed  to  hopper,  lb.*. ln.3.")2 

Etiuivalcnt  rcciuired  for  steam  jet  blower,  lb .102 


Total  coal  used  in  33J  hr.   lb 10,854 

Cold  cleaned  gas  measured  in  bolder,  feet  per  pound  of  total  coal  used.         66. 4 


ANALYSIS  OF  GAS 

CO5 291  per  cent,  by  volume 

O2 0,2  per  cent,  by  volume 

C^H^ 0.7  per  cent,  by  volume 

CO 27 .  .'Si  per  cent,  by  volume 

H» ti ,  .'j2  per  cent,  by  volume 

CH4 2.24  per  cent,  by  volume 

Average  B.t.u.  of  ?as  by  calorimeter  (35  determinations  corrected  for  holder 

temperature,  and  pressure)   B.t.u.  per  ft.  higher 144 

Average  B.t.u  of  gas  by  calorimeter  (35  determinations  corrected  for  holder 

temperature,  and  pressure)  B.t.u.  per  ft.  lower 13S 

Producer  efficiency  on  basis  of  cold  cleaned  gas  and  total  coal  used,  per  cent. 

on  higher  B.t.u.  of  gas 6V 

Producer  efficiency  on  basis  of  cold  cleaned  gas  and  total  coal  used,  x)er  cent. 

on  lower  B.t.u.  of  gas 64 

Thermal  efficiency  of  engini?,  lower  B.t.u.  per  b.iip.-hr 10,300 

Total  coal  used  per  developed  b.hp.-hr.,  lb 1 .  14 

Total  coal  used  per  developed  kw.-hr.,  lb 1 .  65 

Total  coal  used  per  b.hp.-hr.,  delivered  for  use,  lb 1.21 

Total  coal  used  per  kw.-hr.,  delivered  for  use,  lb 1 .  75 

The  instruments  on  which  the  results  were  obtained 
have  been  checked  with  tlic  General  Electric  standards, 
and  it  was  found  that  the  instruments  read  a  little  low; 
hence  the  revised  results  are  even  more  favorable  than 
the  original  figures. 


Rubbish    as  Fuel 

Diflferent  waste  materials  have  different  heating  values, 
the  combustible  value  of  some  of  them,  such  as  shavings 
and  turnings  of  wood-working  establishments,  spent  tan 
liark  of  tanneries,  etc.,  being  so  high  that  they  are  used 
by  many  manufacturing  establishments  as  the  principal 
fuel  for  generation  of  steam.  It  does  not  pay,  however, 
to  burn  these  materials  or  trash  along  with  coal.  The  ash 
of  the  more  highly  combustible  substances  contained  in 
tile  waste  material  becomes  mixed  with  the  coal  and  hin- 
ders or  almost  entirely  prevents  combustion  of  the  coal 
and  much  of  the  latter  is  slowly  coked  off  in  incomplete 
combustion  or  drops  through  the  grates.  There  is  fuel 
economy  in  burning  waste  material  exclusively,  provided 
its  comliustion  yields  sufficient  heat  to  keep  up  steam, 
but  where  the  main  fuel  is  coal,  rubliish  or  other  waste 
material  should  not  be  burned  in  a  boiler  furnace,  except- 
ing at  the  end  of  a  run  or  just  prior  to  cleaning  of  fires. 

Even  then  it  may  not  pay  if  the  use  of  waste  material 
is  attended  by  such  imperfect  combustion  as  to  produce 
excessive  deposits  of  soot  on  the  heating  surfaces  of  the 
boiler,  thereby  reducing  the  efficiency  of  the  heating  sur- 
faces and  the  evaporative  economy  when  firing  the  coal 
re(|uired.  The  effect  which  waste  material  has  on  a  boiler 
de])ends  entirely  on  the  character  of  the  combustible. 
Highly  combustible  material  like  yellow-pine  chips  or 
shavings,  by  local  ini])iiigement  of  intense  flame  when  used 
as  fuels,  are  likely  to  burn  or  i)lister  a  boiler,  especially 
such  ])ortions  of  the  healing  surface  as  are  not  cooled 
by  ra])id  circulation  of  water  in  the  boiler,  while  waste 
material  which  contains  much  moisture  causes  a  rapid 
rusting  out  of  sheet-iron  or  sheet-steel  smoke  breechings, 
uj)takes  and  smoke-stacks. 

In  addition  to  the  objection  referred  to,  in  making 
use  of  waste  material  as  fuel,  the  fact  should  be  borne 
in  mind  that  moist  or  wet  fuels  of  almost  any  kind  are 
more  rapidly  destructive  of  firebrick  furnaces  than  dry 
fuels. 


The  .Soiithwark  FDiiiulry  &  Machine  Co.,  Philadelphia, 
Penn.,  in  maklnK  thiio  3000-kw:  Rateau  turblne-dilven  al- 
ternators for  the  Pittsburgh  Stoel  Co.  It  also  recently 
shipped  a  ISOO-kw.  unit  to  the  Goodyear  Tire  &  Rubber  Co., 
Akron,  Ohio,  and  another  unit  to  the  Roadlng-Massachusts 
Rubber  Co.,  all  of  the  mixed-flow  type.  The  company  has 
also  built  five  turbo-drlvon  rotary  blowers,  of  which  three 
are  In  operation.  These  have  a  maximum  capacity  of  50.000 
cu.ft.  of  free  air  per  minute,  and  a  maximum  blast  of  30  lb. 
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Cooling  Tower  for  Small  Refrigerating 
Plant 

By  ii.  L.  ^lossiiAN 

The  accompan_yiug  drawiugs  illustrate  a  cooling  tower 
built  by  the  writer  for  cooling  the  water  from  the  am- 
monia condenser  in  a  small  refrigerating  plant  of  8-  to 
10-ton  capacity.  The  condenser  is  of  the  double-pipe  type, 
with  114-  and  2-in.  pipes,  19  ft.  long  and  12  pipes  high. 
The  tower  consists  of  four  stands  of  20  strips  each,  the 
strips  being  l^^  in.  square,  rounded  on  top  and  16  ft. 
long.  They  are  spaced  on  5-iu.  centers  and  supported  by 
notched  pieces  of  2x4-in.  timbers,  as  shown  in  the  draw- 
ings. Fig.  2  is  a  detail  drawing  of  the  trough  and  strips. 
The  trough,  which  is  supported  by  the  2x4-in.  uprights, 
distributes  the  water  at  the  top  of  each  stand. 

The  tower  rests  on  a  floor  of  tongue  and  grooved  boards 
supported  by  2xl2-in.  joists  and  a  frame  of  6x6-iu.  tim- 
bers, as  shown  in  Fig.  1.  The  floor  slopes  toward  the 
trough,  the  drop  being  about  3  in.,  and  the  trough  itself 
slopes  toward  the  tank,  as  shown  in  Fig.  1.  A  piece  of 
lifo-in.  pipe  is  secured  to  the  bottom  of  the  trough  with 
locknuts  and  discharges  to  the  tank.  The  suction  to  the 
circulating  pump  is  connected  to  the  bottom  of  the  tank 
and  the  warm  water  from  the  condenser  is  piped  to  the 
troughs  on  top  of  the  tower.  It  may  be  noticed  in  Fig. 
1  that  the  tank  is  equipped  with  a  float  valve  controlling 
the  city  water  supply.  Due  to  evaporation  and  other  losses 
Bome  make-up  water  is  required. 

The  tower  was  built  without  the  louver  around  it,  but 
in  high  winds  there  was  considerable  loss  of  water,  and 
the  louver  showu  in  the  drawings  was  added.  Contrary 
to  the  usual  custom  the  slats  are  turned  up  to  catch  and 
drain  back  any  water  which  may  be  thrown  against  them. 

With  a  temperature  of  the  atmosphere  of  65  deg.,  the 
humidity  not  being  known,  water  supplied  to  the  tower 
at  80  deg.  F.  was  returned  at  65  dcg. ;  about  19  or  20  gal. 

)"  Valves     ^^('"H  2-2x4" 'Bolfed 

,  Jrough  /  Together 


of  water  was  circulated  per  minute.  The  high-pressure 
ammonia  gage  showed  150  to  155  lb.  The  compressor  was 
a  6V^x6%-in.  double-cylinder,  single-acting,  vertical  ma- 
chine running  at  150  r.p.m. 

The  writer  knows  of  a  tower  of  this  type  with  strips 
16  ft.  long  and  20  strips  high  with  but  two  stands.    This 

,^«!^ri]r-Ttf^7roi/gr/7  l6'Long 


Fici.  2.  Details  of  Trough  Axn  Top  of  Stand 


gave  a  total  of  640  linear  feet  of  strips  which  were  claimed 
to  cool  the  water  for  an  8-ton  plant  from  100  to  80 
or  85  deg.  In  my  opinion  three  stands  would  l)e  sufficient 
for  an  8-  or  10-ton  machine. 


6x  6-Corner 
Fbsts 


Fig.  1.  Tkaxsveese  Section  through  Tower  and  Side  Elevation 
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The  Compression  System 

In  the  Mar.  11  number  of  Power  au  elementary  de- 
scription of  the  ammonia-compression  system  was  given 
and  a  simjjle  diagram  showed  how  refrigeration  was  ac- 
complished. The  four  fundamental  parts  of  a  compres- 
sion plant  and  their  relation  to  each  other  were  shown 
in  diagrammatic  form.  As  will  be  remembered,  these 
fundamentals  were  a  compressor  to  draw  the  cold  vapor 
from  the  expansion  coils,  compress  it  to  a  high  pressure 
and  discharge  it;  the  condenser  where  the  high-pressure 
vapor  from  the  compressor  is  liquified ;  the  regulating 
valve  (more  commonly  but  erroneously  called  the  expan- 
sion valve)  which  reduces  the  pressure  of  the  liquid  from 
the  condenser,  and  the  expansion  coils  in  which  the  liquid 
is  changed  into  a  vapor  by  absorbing  heat  from  the  room 
or  brine  tank  in  which  the  coils  are  located.  In  one  form 
or  another  these  four  sections  are  always  present  and  to 
these  are  usually  added  a  number  of  auxiliaries,  such  as 


nionia  in  the  inner  pipe  flows  in  a  direction  opposite  to 
the  water  in  the  outer  pipe  may  be  used.  There  are  dif- 
ferent kinds  of  regulating  valves  and  the  arrangement 
of  the  expansion  coils  may  vary. 

It  is  not  necessary  to  use  a  particular  type  of  condenser 
with  a  certain  design  of  compressor.  Each  has  its  own 
work  to  perform,  and  its  efficiency  does  not  depend  pri- 
marily on  the  other.  The  same  is  true  in  a  power  plant. 
The  boiler  may  be  of  the  fire-tube  or  water-tube  type  and 
if  steam  of  the  proper  quality  and  pressure  is  supplied 
the  engine,  its  economy  will  not  be  effected.  As  long  as 
there  is  plenty  of  surface  for  the  conduction  of  heat  in 
the  refrigerator  and  condenser,  pipes  of  sufficient  size  for 
the  vapor  to  pass  without  friction  and  an  easy  passage 
for  the  liquid  ammonia,  types  do  not  count.  The  accom- 
panying illustration,  then,  may  be  used  to  show  the  gen- 
eral requirements  of  a  .commercial  plant.  The  high- 
pressure  end  of  the  system,  consisting  mainly  of  the  com- 
pressor and  condenser,  is  shown  in  full  detail,  but  the  low- 
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Tvi'icAL  L.vYorT  OF  A  ('oMrKKssioN  Rkfi!I(;i:i;atixo  Plaxt 


a  liquid  tarik,  to  receive  the  amuionia  from  the  condenser, 
scale  and  oil  se])arators,  pumps  for  forcing  the  oil  to 
the  cylinder  or  ])erliaps  the  bearings,  and  a  couple  of 
gages  to  show  the  pressures  in  the  suction  and  discharge 
lines  of  the  compres.sor. 

Xaturally  there  is  considerable  ditfcrence  in  tjie  con- 
struction of  the  different  apparatus  cni])l<)yed.  The  com- 
pressor may  be  horizontal  or  vertical,  single-acting  like 
the  usual  small  gas  engine  or  double-net ing  like  the  steam 
engine.  The  condenser  may  consist  of  a  series  of  pijies  or 
roil.a  submercpd  in  water,  it  mav  be  of  the  atmospheric 
type  in  which  the  pipes  are  exposed  to  (he  air  with  a  thin 
stream  of  water  trickling  down  over  (heir  surface,  or  n 
double-pipe  counter-current  condenser  in  which  the  am- 


]iressurc   side    (expansion   coils)    is  merely   indicated,   as 
there  will  be  some  variation  in  every  installation. 

We  will  begin  with  the  liquid  ammonia  which  is  stored 
in  the  liquid  tank.  In  the  drawing  the  tank  is  shown 
on  the  same  fioor  as  the  condenser,  but  just  as  often  it  is 
located  in  (he  engine  room,  and  in  this  case  it  is  usually 
a  vertical  tank.  The  liquid  \u  this  tank  is  under  the 
same  pressure  as  the  condenser  (1.T-')  to  "200  Hi.,  depending 
on  the  temperature  of  the  cooling  water).  When  the 
regulating  valve  is  opened  the  high-iiressiire  liquid  flows 
into  the  expansion  coils  in  the  amount  required  to  main- 
fain  the  desired  femjierature.  This  is.  of  course,  con- 
trnlled  by  the  number  of  turns  the  valve  is  opened.  If 
the  temperature  in  the  coils  is  below  32  deg.  F.,  and  it 
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Xisually  is,  some  of  the  moisture  in  the  air  will  be  con- 
densed and  acc-umulate  in  the  form  of  white  frost  on  the 
piping.  This  interferes  to  some  extent  with  the  absorp- 
tion of  heat  from  the  room,  but  enough  gets  through  the 
coating  of  frost  and  the  walls  of  the  piping  to  evaporate 
the  ammonia  just  as  steam  is  made  from  the  water  in  a 
boiler  when  heat  above  the  boiling  point  is  applied.  Each 
pound  of  tlie  liquid  ammonia  at  the  above  pressure  re- 
quires 569  heat  units  to  change  it  into  a  vapor.  The 
temperature  of  the  liquid  ammonia,  however,  as  it  comes 
from  the  liquid  tank,  must  be  reduced  to  a  temperature 
corresponding  to  the  lower  pressure  in  the  refrigerator, 
which  is  usually  about  16  lb.  gage.  This  heat  then  evap- 
orates part  of  the  ammonia,  and  less  than  500  heat  umts 
need  be  absorbed  from  the  room,  and  whatever  this  fig- 
ure, it  represents  the  actual  amount  of  refrigeration  avail- 
able per  pound  of  the  liquid  ted  to  the  expansion  coils. 

From  the  expansion  coils  the  vapor  passes  through  a 
scale  separator,  which  removes  any  scale  or  foreign  mat- 
ter which  might  injure  the  compressor  as  the  vapor  is 
uovr  in  the  suction  line.  When  in  the  cylinder,  it  is  com- 
pressed and  is  forced  through  the  hot  gas  line  to  a  pres- 
sure tank,  if  one  is  employed.  In  its  passage  from  the 
head  of  the  tank  to  the  interior  it  is  given  a  spiral  mo- 
tion to  east  out  any  oil  that  may  have  been  carried  over 
from  the  compressor.  In  some  cases  this  tank  is  omitted 
and  simply  an  oil  separator  installed  in  the  line  to  the 
condenser.  The  vapor  then  passes  through  a  check  valve 
and  enters  a  header  connected  to  the  bottom  pipes  of  the 
several  stands  of  the  condenser.  It  may  be  noticed  that 
the  hot  vapor  line  rises  higher  than  the  condenser,  so  that 
none  of  the  liquid  it  contains  can  return  to  the  com- 
pressor when  it  is  shut  down.  The  condenser  is  of  the 
atmospheric  type  with  water  trickling  down  from  above 
over  the  coils  of  pipe.  Before  the  vapor  reaches  the  top 
pipe  of  the  condenser  practically  all  of  it  has  been  re- 
duced to  a  liquid,  and  as  fast  as  this  liquid  is  formed  it 
is  drained  through  small  pipes  connected  from  different 
levels  to  a  liquid  header,  which  discharges  to  the  liquid 
tank.  In  case  any  of  the  vapor  is  carried  along  with  the 
liquid  it  maj'  escape  to  the  top  of  the  condenser  through 
the  equalizer  line.  It  will  be  noticed  that  the  liquid  tank 
is  provided  with  a  drain  and  close  to  the  entry  into  the 
expansion  coils  a  charging  valve  is  provided.  Through 
this  valve  the  system  is  supplied  with  liquid  ammonia 
from  the  shipping  drums. 

We  are  now  back  to  the  starting  point  and  there  is  no 
need  for  further  description,  the  operation  just  described 
is  repeated  over  and  over  again.  The  type  of  apparatus 
employed  may  be  different,  but  the  general  working  will 
be  the  same  and  the  foregoing  outline  of  the  cycle  of  op- 
eration will  apply  to  all  tj'pes  of  ammonia-compression 
plants. 

Temperature  of  Storage  Rooms 

The  following  qtiestion  and  answer  may  be  of  gen- 
eral interest  as  the  :ame  trouble  has,  no  doubt,  been  en- 
coimtered  in  other  plants: 

Some  angle-type  thermometers  had  been  purchased  and 
placed  in  cold-storage  rooms  50  that  the  temperature  in- 
side of  each  room  could  be  seen  on  the  thermometer  from 
the  outside.  The  thermometers  were  placed  in  the  walls 
first  as  shown  in  Fig.  1,  and  then  as  shown  in  Fig.  2,  but 


in  each  case  the  reading  was  5  deg.  higher  than  a  read- 
ing taken  inside  the  room.  The  thermometers  were  tested 
and  fotmd  to  be  accurate.  The  walls  were  6  in.  thick  anil 
were  lined  with  cotton-seed  husks. 

It  is  rather  difBcult  to  place  an  angle  thermometer  in 
the  walls  of  a  cold-storage  room  so  that  it  will  register 
the  average  temperature  of  the  room.  In  most  cases  the 
temperature  near  the  walls  is  either  higher  or  lower  than 
the  temperature  in  the  center  of  the  room.  It  is  lower 
when  some  refrigerating  piping  is  located  on  the  wall  on 
which  the  thermometer  is  placed  and  it  is  generally  higher 
if  there  is  no  piping  on  the  wall.  In  the  former  case 
there  is  a  current  of  cold  air  flowing  down  from  the  coils 
over  the  thermometer  bulb  and  in  the  latter  case  warm  air 
rises  along  the  wall  to  the  cooling  coils  wherever  they  may 
be  placed. 

It  is  desirable  to  locate  a  point  on  the  wall  where  the 
temperature  taken  by  an  ordinary  cold-storage  thermom- 
eter corresponds  to  the  temperature  reading  at  the  center 
of  the  room.  If  no  such  location  can  be  found  it  will  be 
absolutely  impossible  to  locate  the  angle  thermometer  for 
a  correct  reading.    In  such  a  case,  it  is  possible,  of  course. 
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to  find  out  how  much  higher  or  lower  the  angle  thermom- 
eter reads  than  a  thermometer  placed  in  the  center  of  the 
room,  and  correct  the  reading  accordingly. 

On  account  of  the  difference  in  the  air  currents,  it  will 
be  foimd  that  the  temperature  in  various  parts  of  any 
cold-storage  room  will  vary  considerably,  depending  not 
only  on  the  quality  of  the  insulation,  but  also  on  the  dis- 
tribution of  the  cooling  pipes  and  the  location  of  the  vari- 
ous walls  of  the  room  with  reference  to  the  outer  air. 

Referring  to  the  sketches  it  would  not  be  advisable  to 
pass  the  pipe  thimble  all  of  the  way  through  the  insula- 
tion, or  even  part  of  the  way  for  the  reason  that  this    J 
thimble  will  transmit  heat  from  the  outer  air  to  the  ther-    I 
mometer  bulb,  and  consequently  influence  the  reading. 

It  would  be  better  to  install  the  thermometer  so  that 
the  only  Cietal  attachment  is  at  the  outer  side  of  the  cold- 
storage  room,  while  the  hole  through  wliich  the  thermom- 
eter passes  should  be  filled  with  insulating  material  so 
that  there  will  be  no  possibility  of  heat  being  transmitted 
to  the  thermometer  bulb  from  the  outside. 


As  an  example  of  the  way  in  which  steam  engineering 
is  sometimes  done,  attention  is  called  to  a  "call  for  bids" 
recently  issued  by  a  Western  city,  which  specifies: 

One  50-hp.  Horizontal  Steam  Flue  Boiler  with  dome,  150 
lb.  workin?^  pressure,  size  48  in.  by  14  ft.,  full  front,  grates 
and  grate  bars,  pop  safety  valve  2%  in.,  also  one  2^ -in.  ex- 
ira  heavy  blowofE  valve  with  wheel. 
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Mixed-Pressure  Steam  Turbines 

In  engineering,  as  in  other  phases  of  industrial  pro- 
gress, what  is  here  today  is  gone  tomorrow,  and  the  things 
of  tomorrow  are  not  known.  Crude,  indeed,  would  appear 
the  old  pumping  engines  of  Newcomen's  and  Watt's  time. 
The  old  haystack  boilers  would  also  equal  them  as  relics 
of  the  olden  steam-engineering  days.  The  old  slide-valve 
engine,  with  its  round-rimmed  flywheel,  and  in  some  in- 
stances wooden  eccentric  rod,  would  look  sadly  out  of 
place  today;  and  yet  they  were  all  models  in  their  time. 
Progress  has  left  these  old  times  far  behind. 

Times  have  changed ;  engineers  are  looking  for  prime 
units  which  will  produce  the  greatest  output  with  the 
least  steam  con.sumption.  Because  of  this  constant  strain- 
ing after  greater  economy,  the  Corliss  engine,  various 
types  of  four-valve  engines  and  single-valve  automatic 
engines  have  been  designed,  and  have  filled  their  place  in 
the  power  plant.  In  many  of  the  larger  power  stations, 
the  high-pressure  steam  turbine,  using  superheated  steam, 
has  supplanted  the  reciprocating  engine,  and  in  other 
instances  the  exhaust-steam  turbine  has  been  installed 
to  operate  in  conjunction  with  the  reciprocating  engine. 
Each  type  of  prime  mover  has  represented  an  advance- 
ment in  steam  engineering,  and  has  probably  met  all 
€.\pectations  as  regards  efficiency  and  economy  in  opera- 
tion. 

These  units  all  have  a  place  in  the  power  plant,  but 
the  turbine  is  not  as  efficient  as  the  reciprocating  en- 
gine when  running  noncondensing  or  on  a  low  vacuum. 
The  low-pressure  turbine  is  useless  unless  the  reciprocat- 
ing unit,  to  which  it  is  piped,  is  in  operation,  because  the 
etcani  necessary  to  operate  it  must  come  from  the  engine. 

There  are  times  when  the  load  to  i)e  carried  is  not  suffi- 
cient to  give  the  reciprocating  engine  an  economical 
steam  consumption.  To  operate  the  engine  under  such 
conditions  is  a  waste  of  fuel.  The  exhaust-steam  turbine 
is  useless,  because  it  would  be  folly  to  operate  it  in  con- 
junction with  the  already  underloaded  engine. 

This  underload  condition  has  confronted  the  engineer 
and  power  user  for  years.  As  a  means  of  obtaining  eco- 
nomical operation  a  small  steam  unit  has  generally  been 
installed,  so  that  when  the  load  for  the  large  unit  be- 
comes uneconomical,  the  small  unit  is  started  and  carries 
it.  When  the  load  is  sufficient  to  warrant  the  operation 
of  both  large  and  small  reciprocating  units,  fairly  good 
operating  conditions  exist,  but  both  units  are  operating 
with  live  steam  and  generally  the  exhaust  steam  from 
both  units  is  discharged  to  the  atmosphere;  a  loss  that 
caTi  he  eliminated  in  many  installations. 

Tt  is  in  such  instances  that  the  mixed-pressure  steam 
turbine  comes  into  the  field  and  fills  a  place  in  the  eco- 
nomic operation  of  the  plant  that  was  not  dreamed  of  a 
few  years  ago.  With  this  type  of  turbine  the  reciprocat- 
ing unit  furnishes  the  low-pressure  steam  during  the  pe- 
riod it  is  in  operation  and  the  exhaust  steam,  ns  in  the 
case  of  the  exhaust-steam  turbine,  is  iitilized  in  doing 


useful  work.  But  unlike  the  ordinary  exhaust-steam  tur- 
bine, when  the  main  reciprocating  engine  is  shut  down, 
the  mixed-steam  turbine  is  still  a  useful  unit,  because  it 
is  capable  of  operating  with  live  steam  from  the  boilers. 

If  there  are  pumps  exhausting  to  the  atmosphere,  this 
steam  can  be  piped  to  the  turbine  and  made  to  produce 
energy  instead  of  being  wasted.  Punning  at  night,  when 
the  load  is  light  and  the  main  unit  is  shut  down,  is  a 
condition  suitable  for  this  class  of  turbine.  In  the  morn- 
ing when  the  large  reciprocating  engine  is  started  up, 
the  turbine  can  be  changed  back  to  exhaust  steam  without 
a  moment's  delay,  and  the  generator  of  both  units  op- 
erated in  iJarallel. 

The  mixed-steam  turbine  can  be  run  with  low-pressure 
steam  entirely,  with  a  partial  supply  of  exhaust  and  high- 
pressure  steam,  and  with  high-pressure  steam  alone.  This 
makes  a  combination  capable  of  meeting  the  requirements 
of  most  steam  plants  in  which  this  type  of  turbine  can  be 
utilized. 

Of  course,  the  condenser  outfit  must  be  added  to  the 
installation  cost  of  the  turbine,  because  it  is  necessary 
for  the  operation  of  the  turbine.  But  for  all  that,  the  ar- 
rangement is  eminently  capable  of  increasing  the  econ- 
omy of  operation  of  the  reciprocating  plant,  where  con- 
ditions warrant  its  installation. 


The  Oil-Fuel  Problem 

The  statement  that  crude  oil  will  no  longer  be  oifered 
for  sale  by  a  certain  important  oil  company,  a  company 
that  has  considerable  influence  on  the  oil  market,  has 
been  made  authentically.  The  obvious  reason  is  the  greater 
profit  from  the  sale  of  the  byproducts  of  petroleum. 
Naturally,  this  policy,  if  carried  out,  will  seriously  affect 
the  cost  of  power  production  in  a  great  many  plants  and 
the  possibility  of  such  a  situation  deserves  the  careful 
thought  and  study  of  all  classes  of  manufacturers  and 
power-house  operators. 

The  oil  deposits  of  the  country  are  far  from  being  ex- 
hausted— many  of  the  large  oil  fields  still  remaining  prac- 
tically untouched — and  the  cost  of  sinking  wells,  trans- 
porting the  oil,  etc.,  are  not  much  greater  today  than 
ten  years  ago.  During  this  time,  however,  the  demand 
for  gasoline  has  increased  tremendously,  it  is  true,  and, 
of  recent  years,  the  wide  introduction  of  fuel-oil  engines 
has  created  an  increased  market  for  crude  and  the  heavier 
oils. 

The  increased  dcniand  for  gasoline  would  naturally 
ex]>lain  the  elevated  price  of  that  commodity,  a  natural 
result,  if  the  demand  has  incro>ased  more  than  twice 
as  rapidly  as  the  supply — more  than  twice  as  rapidly, 
for  the  ])rice  of  commercial  ga.soline  has  nearly  doubled 
during  the  pa.st  ten  years,  while  at  the  same  time  its 
quality  has  steadily  declined.  That  is,  gasoline  as  pro- 
curable today  is  no  longer  as  pure  as  it  was  formerly,  but 
contains  a  quantity  of  benzolene  and  probably  a  con- 
siderable   proportion    of    the    more    stable    benzines    or 
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naphthas,  in  other  words,  the  "gasoline"  obtained  fmm 
a  given  quantity  of  crude  oil  is  five  to  eigni  times  as 
much  as  formerly.  The  market  f)rice  having  nearly 
doubled,  the  gasoline  value  of  petroleum  would  appear 
to  be  ten  to  fifteen  times  as  great  as  in  the  days  when 
commercial  gasoline  was  of  a  higher  grade,  for  the  cost 
of  distillation  remains  comparatively  the  same — any  in- 
crease being  considerably  under  one  hundred  per  cent. 
In  addition,  there  is  another  relatively  recent  source  of 
income  from  the  distillation  of  crude  oil ;  liquid  distillate, 
the  fuel  secured  by  passing  certain  of  the  lighter  dis- 
tillate gases — ^gases  driven  off  before  the  more  stable 
gasoline  in  refining  crude  oil — through  water.  The  fuel 
thus  obtained  has  a  power-generating  value,  in  stationary 
engines  at  least,  that  is  very  nearly  as  great  as  that  of 
the  present  commercial  gasoline  and  which  sells  for  but 
a  slightly  lower  figure. 

Crude  oil  has  recently  been  selling  at  a  price  that  is 
fully  three  times  as  great  as  that  at  which  the  same 
commodity  was  sold  within  recent  years  and,  though  this 
may  be  explained  in  a  measure  by  the'  increased  demand 
for  gasoline,  the  same  argument  or  excuse  cannot  be  ad- 
vanced for  the  present  high  price  of  fuel  oil.  Fuel  oil  is 
not  necessarily  crude  oil.  In  fact,  an  excellent  fuel  oil, 
and  the  oil  generally  sold  as  "fuel  oil,"  is  the  residue 
after  the  gasoline  has  been  distilled  from  the  crude.  With 
the  gasoline  value  of  crude  oil  probably  ten  to  fifteen 
times  as  great  as  formerly  and  the  added  income  from 
liquid  distillate,  it  would  seem  that  the  price  of  fuel  oil 
sliould  not  have  increased  to  such  an  extent,  even  if  crude 
does  sell  for  three  times  the  amount  it  formerly  com- 
manded. In  the  past,  fuel  oil  sold  for  less  than  the  price 
demanded  for  crude  oil.  Today  the  price  for  fuel  oil  is 
not  much  less  than  that  for  crude  oil,  else  there  would 
not  be  the  demand  for  crude  oil  for  power  purposes.  The 
really  phenomenal  growth  in  oil-engine  installations  that 
would  be  necessary  to  create  such  a  demand  for  fuel  oil 
as  to  justify  the  present  price  of  that  commodity  is  not 
apparent,  neither  is  the  inerea.sed  market  for  the  heavier 
byproducts  of  petroleum  much  greater  than  the  increased 
supply  of  crude  oil.  The  oil  industry  would  appear, 
therefore,  to  have  been  rather  an  unprofitable  one  in  the 
past  in  order  to  justify  the  present  market  prices  of  crude 
oil.  gasoline  and  fuel  oil. 

What  the  Tenants  Pay 

Engineers  have  wondered  why  owners  of  office  buildings 
and  large  apartment  houses  purchase  central-station  cur- 
rent instead  of  putting  in  an  isolated  plant  to  serve  the 
tenants.  Occupants  of  such  buildings  are  charged  enough 
for  electrical  energy  to  make  a  neat  profit  for  the  central 
station.  Why  should  not  the  same  class  of  customer  be 
attractive  to  the  isolated-plant  owner? 

The  average  rate  paid  by  tenants  of  apartment  houses 
and  office  buildings,  unless  lighting  is  included  in  the 
rent,  is  ten  cents  per  kilowatt-hour,  but  the  central  sta- 
tion does  not  get  this  rate,  although  it  is  charged  in  the 
bills  rendered.  As  a  matter  of  fact,  the  owner  of  the 
building  or  landlord  pays  the  central  station  about  four 
and  a  half  cents  for  the  same  current  and  pockets  the 
difference  as  his  profit  on  an  investment  of  nothing. 

This  practice,  which  obtains  in  ISTew  York  and  un- 
doubtedly in  many  other  cities,  makes  it  clear  why  more 
isolated  plants  are  not  found  in  such  buildings.  There  is 


no  incentive  to  put  in  machinery  to  generate  private  elec- 
trical energy,  when  about  fifty  per  cent,  of  each  tenant's 
lighting  bill  goes  into  the  landlord's  pocket.  This  profit 
is  not  interest  on  an  investment,  it  does  not  represent  in- 
come from  a  legitimate  business,  but  it  does  represent  a 
form  of  graft  that  should  be  stopped. 

If  the  central  station  can  and  does  sell  current  to  the 
landlord  for  about  four  and  half  cents  per  kilowatt-hour 
it  is  a  clear  case  of  robbery  to  charge  the  tenant  ten 
cents  for  the  very  same  current.  This  situation  in  Xew 
York,  we  under.stand,  is  being  investigated  by  the  Public 
Service  Commission.  It  is  to  be  hoped  that  tlie  commis- 
sion will  put  a  stop  to  the  holdup. 

Time  for  Repairs 

Now  that  the  heating  season  is  at  an  end,  the  time 
is  appropriate  to  begin  repairs.  Another  month  will 
bring  with  it  Iiotter  weaiher  and  this  will  lessen  the  am- 
bition to  get  at  the  jobs  in  nooks  and  corners  that  require 
attention.  The  leaks  and  defects  that  were  the  source 
of  so  much  trouble  the  past  winter,  might  require  but 
little  work  to  right,  and  if  done  now,  while  the  memory 
is  fresh,  it  will  mean  fewer  burns  and  better  service  when 
it  is  again  time  for  the  system  to  be  tised. 

If  there  are  traps  be  sure  that  they  are  clean  and  in 
good  working  order.  If  trouble  has  been  experienced  in 
heating  the  distant  points,  j)erhaps  a  larger  or  more  di- 
rect line  would  give  better  satisfaction.  If  it  would,  do 
not  wait  until  the  last  few  weeks  of  summer  before  mak- 
ing the  changes.  With  a  vacuum  system  it  is  important 
to  examine  the  valves  and  packing  of  the  pump.  Do  not 
leave  it  in  a  condition  that  might  cause  trouble  at  a 
critical  moment.  Remember  that  there  is  a  steam  end 
and  valve  gear  that  require  attention.  In  short,  see 
that  the  system  is  in  condition  to  give  first-class  service 
when  the  season  opens. 

How  would  you  like  to  be — no,  not  the  iceman — the 
chief  boiler  inspector  of  Allegheny  County,  Penn.  ?  He 
gets  three  dollars  for  every  boiler  inspected  and,  by  law, 
every  boiler  in  the  county  must  be  inspected  annually. 
From  Aug.  6,  1912,  to  Feb.  5,  1913,  his  staff  inspected 
3542  boilers — a  rate  of  over  seven  thousand  boilers  a 
year.  Then  the  income  of  the  office  cannot  be  under 
twenty-one  thousand  dollars,  although  it  is  claimed  never 
to  have  reached  twenty-five  thousand  dollars.  Out  of  this 
sum  the  chief  inspector  pays  office  rent  and  the  salaries 
of  five  inspectors,  a  bookkeeper  and  a  clerk.  Now  if  you 
were  the  chief  inspector,  do  you  think  you  could  worry 
along  on  what  he  has  left  ? 

Governor  Sulzer,  of  New  York  State,  has  signed  the 
Jackson  bill  which  seeks  to  give  greater  protection  to  the 
employees  of  factories.  If  it  is  of  concern  to  the  state  to 
protect  operatives  in  the  industries  by  providing  safety 
devices  on  machinery  and  taking  precautions  against 
death  and  sickness  from  occupational  diseases,  it  should 
be  its  concern  to  guard  the  public  as  well  from  injury 
due  to  boiler  explosions.  As  the  legi.slature  has  just 
passed  the  Jackson  bill  it  indicates  that  its  present  mem- 
bership is  kindly  disposed  toward  humanitarian  measures 
which  gives  reason  to  hope  that  the  Willmott  bill  on 
boiler  inspection  may  receive  favorable  consideration. 
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Recommends  New   Feature  in  PIllow- 
Block  Design 

In  uearly  all  hurizuntal  eiigiiier<  the  erauk  pillar  is 
licilted  on  to  the  engine  frame.  The  quarter  boxes  are 
adjusted  at  the  head  end  witli  liners  and,  on  the  opposite 
side,  tap  bolts  are  used  with  jam  nuts  on  them. 

It  would  be  a  good  idea  to  so  design  the  position  of  the 
two  top  frame  bolts  that  a  center  line  through  them 
would  also  come  in  the  center  of  the  head-end  quarter 
lidx,  as  shov.n.  The  bolts  could  be  made  larger  in  diam- 
eter and  a  hole  drilled  through  their  center  and  tapped 
out.  Into  this  hole  a  tap  bolt  could  be  screwed  and  by 
this  means  the  bearing  could  be  adjusted  to  the  journal, 
as  indicated  by  the  illustration. 


Fname  boli  with 
infernal  iapbolf 


J'li.i.ow-Hlock  Bi!asm;s  .Vd.iu.stahle  kihim   Hkad 
AND  CnANK   Ends 

At  ju-esent,  with  these  engines,  if  there  is  udt  time  to 
take  the  bearing  apart,  the  knock  or  i)ound  is  overcome 
by  screwing  up  on  the  two  crank-end  tap  bolts;  this 
throws  the  main  shaft  out  of  line  as  the  quarter  boxes 
usually  wear  equally.  By  means  of  tiu'  frame  bolts  being 
fitted  with  internal  tap  bolts,  the  wear  conld  be  taken  up 
equally. 

.1.  A.  Ca.mi'UKLI.. 

Providence,   i;.   I. 

Two   Engine  Wrecks 

The  engine  in  tlw  ])lant  nf  the  Aiui'i-ican  Laundry, 
Flanders  St..  this  city  (Portland.  Ore.),  was  wre<'l<e(i  re- 
cently. The  engine  was  a  me(lium-s|iccil  automatic-lial- 
anced  slide-valve  type  of  about  (iO  lip.,  belted  to  the  line 
.shaft  and  had  been  in  use  al)out  four  years. 

The  disk  gave  way  as  the  piston  was  on  the  forward 
stroke.  The  momentum  of  the  flywheel  together  with  that 
of  the  line  shaft  carried  the  crankshaft  over  the  center, 
opening  the  valve  for  the  return  stroke  which  drove  (hi^ 
piston  against  the  head,  forcing  it  off  the  rod.  bending  the 
rod  and  breaking  the  main  frame  and  cracking  the  cylin- 
der. The  ])iston.  cylinder  head  and  jiart  of  the  cylinder 
Avere  carried  about  four  feet,  striking  an  SxS-in.  post  that 
siip)iorted   a   large  heater.     The  ]iost  was  moved   several 

ilPehc::. 


Steam  was  at  once  shut  otf  at  the  boilers  and  no  one 
was  injured.  Xo  blame  was  given  the  engineer  in  charge 
as  an  examination  showed  that  the  crank  disk  had  been 
cracked,  presumably  by  too  tight  a  tit  of  the  crankpin 
when  the  engine  was  built.  A  new  engine  of  the  same 
class  was  at  once  secured,  a  force  of  mechanics  put  to 
work  and  the  plant  was  ready  to  run  the  next  morning. 


A  9xl4-in.  high-speed  automatic  center-crank  engine 
belted  to  two  dynamos  in  the  mill  of  the  Standard  Box  & 
Lumber  Co.,  Portland,  Ore.,  was  wrecked  a  short  time 
ago.  The  piston  rings  were  in  three  sections  set  out  by 
springs.  Each  section  was  made  up  of  three  pieces  riveted 
together.  The  rivets  in  one  section  sheared,  allowing  a 
part  of  the  ring  to  drop.  It  caught  on  the  counter  bore, 
and  at  the  commencement  of  the  stroke  the  cylinder  was 
split.  As  the  cylinder  and  frame  were  one  piece  a  com- 
plete new  frame  had  to  be  ordered  from  the  East.  Xo 
one  was  hurt  and  the  ])roperty  loss  was  confined  to  the 
1  ngine. 

C.  F.  KiXG. 

P..nlaii(l.   Ore. 

Unusual  Experience  with   Pump 

Instructions  were  received  to  examine  a  duplex  pump, 
the  owners  having  reported  that  the  jiressure  gage  great- 
ly fluctuated  and  that  the  water  lolunin  in  the  discharge 
pipe  was  very  unsteady.  On  arrival  at  the  pump  house.  I 
found  that  the  ]ninip  was  driven  by  a  h(n-izontal  Corliss 
engine  and  that   it  was  running  when  1   arrived. 

I  found  things  just  as  reported — the  ]n-essure  gage  very 
unsteady,  owing  to  surging  of  the  water  in  the  discharge 
pipe.  This  surging  was  very  noticealile  when  one  stood 
on  the  ground  which  covereil  the  discharge  ]>ipe  outside 
of  the  building. 

ir  close  to  all  four  corners  of 
ioiiie  of  the  valves  were  missing 
iiild  not  detect  any  trouble  and 
puiiip  house  everything  seemed 
1  it  seemed  to  me  tiiat 
in  the  discharge  pipe  be- 


I  listened,  with  my 
the  pump,  thinking  that 
or  leaking  badly,  but  T  < 
to  look  and  listen  in  tlu 
to  be  running  satisfactorily 
there  miglit  bo  some  high  sp 
Iween  the  ])uni])  and  the  reservoir,  but  the  engineer  as- 
sured me  that  there  was  a  small  relief  cock  at  all  the 
known  high  places  and  that  these  cocks  were  leaking 
water  so  that  I  need  not  look  for  air  ))ockets  in  the  dis- 
charge injie. 

The  ]iuinp  had  no  suction  lift,  as  tlie  waler  flowed  from 
a  tank  to  the  ]uimp.  The  waler  level  in  the  lank  would 
bring  the  water  about  one  foot  above  the  top  of  the  juinip 
delivery-valve  chamber.  There  was  no  cheek  valve  be- 
tween the  pump  and  the  discharge  jtipe  :  there  was  a  gate 
valve  on  the  discharge  pipe  close  to  the  pump. 

T  noticed  that  one  corner  of  the  pump  looked  lighiiT 
in  color  than  fhe  other  three  corners,  so  T  at  once  put  my 
hand  on  this  corner  and  found  the  casting  perfectly  dry 
while  lh(>  other  three  were  quite  moist  to  the  hand.     One 
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corner  of  the  pump  was  air-bound.  Hence,  the  rea-son 
it  was  dry.  The  plungers  were  outside  packed  and  each 
plunger  chamber  had  a  handhole  on  the  side.  With  the 
pump  still  running,  I  slacked  off  the  nuts  on  the  hand- 
hole  plate  about  %  in.  and  wedged  it  off  until  the  water 
<ame  out.  This  released  the  air  and  the  trouble  was  over. 
To  prevent  any  such  trouble  in  the  future,  I  drilled  a 
bole  for  a  Vi-in.  pipe  under  the  discharge  valves  of  each 
•corner  and  put  in  a  %-in.  globe  and  check  valve.  Water 
or  air  could  not  blow  out  of  the  check  valve ;  but  if  the 
water  in  the  tank  was  low,  the  check  would  close  on  the 
suction  .stroke.  When  certain  that  the  air  was  out,  the 
globe  valves  were  closed. 

JOHX  AsHFIKLI). 

Oakhinil,  Calif. 

Holder    for  Threading  Stud-Bolts 

The  engineer  is  often  called  to  make  stud-bolts,  and  if 
the  proper  tools  are  not  at  hand  it  is  a  difficult  thing  to 
do  so.  It  will  be  quite  easily  accomplished  if  one  will  take 
two  pieces  of  machine  steel,  1  in.  square  and  about  6  in. 
long  and  place  them  side  by  side  with  a  %-in.  strip  be- 
tween them  and  clamp  them  tightly  together.  Now  drill 
and  tap  four  or  more  holes,  say,  %,  %,  j%  and  i/^  in.,  as 
indicated  in  the  sketch,  and  after  doing  this  remove  the 
clamp  and  discard  the  thin  strip.  Now  drill  a  hole  at 
each  end  at  right  angles  to  the  tapped  ones,  say,  /b  in.,  for 
a   bolt  to  hold   the  two  pieces  together.      Now  insert   a 
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stud  in  the  size  hole  corresponding  to  the  thread  in  the 
two  pieces  and  clamp  the  two  pieces  together  with  the 
bolts  at  each  end.  The  holder  being  held  firmly  in  a 
vise  will  enable  one  to  close-thread  the  stud. 

The  same  thing  can  be  accomplished  by  sawing  a  nut 
(of  the  size  stud  used)  in  two  and  placi'-g  the  two  halves 
over  the  threaded  end  of  the  stud  and  clamping  them  in 
the  jaws  of  the  vise. 

J.  L.  Haepole. 

Hopkinsville,  Ky. 

Siphon  Oil-Barrel  Emptier 

After  trying  a  numljer  of  methods  for  emptying  bar- 
rels of  oil  directly  into  the  oil  reservoir,  we  have  at  last 
got  one  which  seems  to  excel  all  others  for  simplicity  and 
ease  of  operation.  The  sketch  gives  an  idea  of  this  emptier 
and  filler. 

The  large  reservoir  is  made  of  heavy  sheet  iron  and 
is  capable  of  holding  a  couple  of  barrels  or  more.  It 
stands  full  of  water,  or  oil  and  water,  as  the  case  may  be. 
The  pipe  line  entering  it  at  the  top  and  bottom,  respec- 
tively, are  for  the  delivery  of  oil  to  the  engines,  pumps, 
etc.,  and,  cs  we  use  steam  pressure,  for  the  reception  of 
the  condensate  from  the  steam  line.  Another  line,  with 
a  valve,  connects  the  top  of  the  tank  with  the  oil  barrel. 

The  principle  used  in  conveying  the  oil  to  the  tank  is 
that  of  the  siphon.    The  barrel  is  rolled  to  a  point  of  ele- 


vation above  the  discharge  of  the  drain  in  the  liottom  of 
the  tank. 

After  closing  the  valves  on  the  lines  where  pressure  is 
maintained,  and  with  the  oil  tank  nearly  full  of  water, 
the  drain-line  valve  is  opened  to  relieve  the  pressure  in 
the  tank.  The  valve  in  the  siphon  line  is  then  opened  and 
the   weight   of   the   atmosphere  forces  the   oil   from  the 


0/7  line   io_. 
engines 
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liarrel  into  the  tank  where  a  partial  vacuum  is  formed  bj 
the  water  gravitating  from  the  tank.  The  drain  must  lie 
promptly  closed  when  the  barrel  is  empty  or  the  contents 
of  the  tank  will  be  lost. 

Edwakd  T.  Bixxs. 
Philadelphia,  Penn. 

Piston  Rod  Breaks  Third  Time 

On  Mar.  22  occurred  the  third  accident  to  our  sm.all 
high-speed  engine  within  13  months. 

The  piston  rod  broke  off  in  the  crosshead  and  knocked 
out  the  cylinder  head,  which  hit  an  iron  door  that,  when 
swung  back,  is  directly  in  front  of  the  engine  cylinder. 
There  was  a  large  hole  knocked  in  the  brick  wall. 

The  cylinder-head  bolts  were  all  broken  off  and  the 
stuffing-box  nut  and  the  oil  plate  between  the  guides  and 
cylinder  were  broken. 

The  rod  through  the  stuffing-box  was  1%  in.  in  diam- 
eter and  was  tapered  down  to  \\\  at  the  crosshead  before 
the  threads  were  cut,  and  was  1  ^Vg4  in-  in  diameter  at 
the  bottom  of  the  thread.  According  to  my  calculations 
these  dimensions  do  not  figure  out  correctly  for  100  lb. 
pressure,  being  too  small.  We  had  the  crosshead  bored 
out  and  the  rod  made  the  same  diameter  the  entire  length. 
This  engine  has  been  in  service  for  about  eight  years,  and 
so  far  as  I  know  has  never  given  any  trouble. 

Fortunately,  no  one  has  been  hurt  in  these  accidents, 
but  we  have  taken  the  pains  to  fence  in  the  engine  so 
one  cannot  walk  in  front  of  the  cylinder. 

G.  W.  Hubbard. 

Chcri.kee,  Iowa. 
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Whistling  Pump 

A  (Icep-'svell  pump,  tlie  i-ui.  discharge  pipe  of  which 
was  hung  about  3  ft.  below  the  engine-room  floor  was  part 
of  our  equipment.  The  pump  discharged  into  a  cistern 
about  20  ft.  from  the  pump.  A  i^-in.  pipe  was  tapped 
into  the  4-in.  pipe  and  was  once  used  for  a  drain  from 
the  steam  cylinder.  When  its  use  was  discontinued  the 
lA-in.  pipe  was  left  projecting  about  1  in.  above  the  floor 
line.  The  pump  operated  in  this  manner  for  several 
years  without  making  any  unusual  noises,  when  rather 
i^uildenlv  there  occurred  with  every  up  stroke  of  the  pump 
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air  would  whistle  up  through  this  pipe  caused  by  the  water 
that  was  discharged  into  the  4-in.  pipe. 

Gay  a.  Eobektsox. 
Louisville,  Ky. 

Interesting  Indicator  Diagrams 

It  would  interest  me  .-md  perhaps  others  to  have  read- 
ers comment  on  the  accompanying  indicator  diagrams. 
Figs.  1  to  9,  taken  from  compound  condensing  marine 
engines  and  pumps.  Both  the  port  and  starboard  main 
engines  and  pumping  engines  have  piston  valves  for  the 
high-pressure  sides.  The  main  engines  have  the  Allen 
slide  valve  on  the  low-pressure  side,  and  the  pumping 
engines  have  the  common  U-slide  valve  on  the  low-pres- 
sure side. 


FIS.3-L0W  PRESSURE    STARBOARD   ENSINE 
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ji  very  ponc])tililc  whi.-<tling  noise,  ms  tlio\igii  tlie  rod  or 
cylinder  were  dry.  Oil  and  graphite  liberally  applied  did 
not  stop  the  noise.  The  mysterious  noise  worried  tiie  en- 
gineer for  several  day.>(.  but  while  looking  for  the  trouble, 
he  accidentally  covered  the  end  of  the  V2-in.  pipe  witli 
Ills  foot  and  tiie  noise  stopped  at  once.  Upon  investigat- 
ing, it  wa.«  found  that  with  each  uj)  stroke  of  tlic  pump 


The  receivers  of  tlie  pumping  engine  arc  of  cast  iiun 
running  from  end  to  end.  Tliis  type  of  receiver  i.s,  I 
believe,  the  cause  of  the  hump  in  the  steam  line  of  the 
diagrams  from  the  low-pressure  side  of  the  pumps.  Tlie 
main  engines  are  each  of  30  and  15  by  13  in.;  the  pump- 
ing engines  are  each  'i'l  and  1"'  by  H  in. 

Savannah,  Ga.  Otto  RicTrrKit. 
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Factor  of  Evaporation 

A.  L.  Westoott's  letter,  in  tlie  Apr.  1  issue,  eonimeiit- 
ing  on  A.  A.  Potter's,  •■Factor  of  Evaporatiou,"  iu  the 
Mar.  11  issue,  was  read  with  interest.  This  is  a  some- 
vv-hat  confused  subject.  The  equivalent  evaporation  is  de- 
termined from  the  actual  evaporation  and  is  equal  to  the 
actual  evaporatiou  times  the  ratio  of  heat  content  of  one 
pound  of  steam  above  feed-water  temperature  under  actual 
conditions  to  the  heat  required  to  vaporize  one  pound  of 
water  from  and  at  212  deg.  F. 

This  computation  may  be  made  in  either  one  or  two 
steps.  The  items  quoted  by  Mr.  Westcott  from  the  A.  S. 
M.  E.  code  are  correct,  but  are  somewhat  ambiguous  in 
their  statement.  Item  59  reads:  "Water  actually  evap- 
orated, corrected  for  quality  of  steam."  If  Mr.  Westcott 
will  look  up  Ajjp.  xviii  and  xix  to  the  code,  he  will  find 
that  this  item  is  not,  water  fed  to  the  boiler  times  the 
quality  of  steam,  where  the  quality  is  one  minus  the 
decimal  representing  moisture,  but  the  water  fed  to  the 
boiler  times  a  factor  of  correction  determined  from  the 
quality,  as  shown  below.  This  item  59  is  the  weight  of 
water  which  would  have  been  evaporated  had  the  steam 
been  dry  and  saturated,  with  the  same  heat  input  under 
existing  conditions  of  feed  temperature  and  steam  pres- 
sure. The  equivalent  evaporation  is  then  found  by  multi- 
plying item  59  by  the  factor  of  evaporation  for  dry  steam. 
That'is,  item  61  =  item  59  X  item  60  =  items  57  X 
factor  of  correction  and  item  60. 

But  this  item  by  definition  is  also  equal  to  item  57 
times  the  actual  factor  of  evaporatiou  where  the  actual 
factor  of  evaporation  is  the  ratio  above  mentioned.  We 
can  write  from  the  above, 

actual  factor  of  evap.  =  factor  of  lorrcrtion  X   ''e»(  00 
or  factor  of  correction  = 

Actual  factor  of  ei-aporatinti 

factor  of  evaporation  for  dry  steam 

But  we  may  write 

xr  +  q  —  (/" 
Actual  factor  of  evaporation  = ,|-|j  ^ 


Fa(t(u-  of  evai)orat)()n.  dry  steam 


970.4 


Where 

.T  is  the  quality  of  steam  dminus  decimal  represent- 
ing moisture  content )  ; 
r  is  latent  heat  of  vaporization  at  actual  pressure : 
fl  ?s  heat  of  liquid  at  temperature  corresponding  to 

steam  pressure : 
qo  is  the  heat  of  the  liquid  at  feed  temjierature. 
We  niav  then  write 


Factor  (if  corrpction 


■'■>•  +  q  —  q" 


■r  +  q 


qo 


xr+xf/  —  rrjo  +  (1  —  x)(q  —  f/")  ^         (1  — :r)(y  —  <70) 
r  +  q  —  qo  r  +  q  —  qo 


qiiali/i/  -\- 


licat  in  moisture 


itiititl  heat  per  pound  dry  steam  ah(in-\ 
\  feed  tonperaturf)  ' 

Taking  the  example,  as  cited  by  Mr.  Westcott,  and  com- 
puting the  evaporation  by  the  two  different  methods  we 
have 


W*ater  fed  to  boiler  per  hour- 
.\bsoiute  steam  pressure. .  . 
Per  cent,  moisture  in  steam. 
Feed-water  temperature 


1.     Actual  factor  of  evaporatioii  = 
0.97  X  863.2  -F  330.2  —  97. Si) 
970.4 


=  .5000  lb. 

-     l.">0  lb.  per  sq.i 


=  1.11)2 


Equivalent  evai»(iratioa  = 

1.102  X  5000  =  5510  lb.  per  In: 

2.     Factor  of  correction  for  quality  = 

0.03(330.2  —  97.89)  ,,^,, 

I)  1)7  -\ ^^ =  I).  )7(  4 

^  8(i:!.2  +  330.-2—  97.89 

The  water  aclnallv  evaporated  corrected  for  quality  would 
be 

501)0  X  0.1)764  =  4882  II). 
Factor  of  evaiioration,  dry  steam  = 

863.2  —  330.2  —  97.89  ^  ^  ^,^^ 
970.4 
and  equivalent  evaporation  = 

4882   X   1-129   =   5510  ]1>.  per  hr. 
which  is  the  same  as  by  the  previous  method. 

The  firi?t  method  is  much  to  be  preferred,  for  not  only 
is  it  simpler,  but  the  second  method  is  ambiguous,  as  the 
quality  is  frequently  used  in  computations  instead  of  the 
factor  of  correction. 

It  is  true  that  such  a  method  might  be  advocated  on 
the  ground  that  the  heat  in  the  moisture  contained  in  the 
steam  should  not  be  credited  to  the  boiler  as  it  is  of  no 
value  to  the  engine.  There  are  numerous  arguments  pro 
and  con  on  this  question,  but  the  general  consensus  of 
opinion  seems  to  be  that  the  boiler  should  be  considered 
only  as  a  heat  absorber  and  as  such  should  receive  all 
credit  for  heat  contained  in  the  steam,  including  the 
moisture  content. 

L.    C.    ROBEP.TS. 
^lihvaukee.    \\'is. 


Wavy  Suction  Lines  on  Indicator 
Diagrams 

The  wavv  suction  lines  shown  on  the  indicator  dia- 
grams submitted  by  J.  E.  Reynolds  in  Po\yER  of  Apr. 
8,  may  be  due  to  the  absence  of  an  air  chamber  on  the 
suction  line,  or,  if  one  is  provided,  it  may  be  located  too 
far  from  the  pump  to  be  effective.  Assuming  that  an  air 
chamber  of  correct  proportions  is  installed  close  to  the 
pump,  the  absence  of  air  in  it  would  tend  to  produce  the 
conditions  indicated,  in  that  no  shock-absorbing  medium, 
necessary  to  absorb  and  steady  the  fluctuations,  caused  by 
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tlR'  high  velocity  and  reversal  of  tiow  of  the  water  at  this 
poiut  of  the  stroke,  is  preseut. 

1  would  suggest  that  Mr.  Reynolds  equip  this  air  cham- 
her  with  a  water  glass  to  ascertain  whether  or  not  any 
air  remains  in  the  chamber,  and  if  not,  that  he  open  the 
pet-cock  at  the  bottom  of  the  glass  until  air  tills  the  cham- 
ber about  two-thirds  full,  and  then  take  some  indicator 
diagrams. 

If  the  condition  presented  is  accompanied  by  a  slam  of 
tlie  water  valves  and  a  jump  of  the  plunger  at  the  be- 
ginning of  the  suction  stroke  and  the  same  cannot  be 
eliminated  by  use  of  the  across  exhaust  or  cushion  valves, 
preferably  the  latter.  I  would  recommend  that  he  con- 
nect a  %-in.  pipe  from  tiie  top  of  the  suction-air  chamber 
to  the  vacuum  pump  or  condenser  to  remove  the  air  and 
hold  the  water  up  above  the  center  of  the  plungers.  After 
the  air  has  been  removed  it  can  be  kept  out  and  the 
water  held  up  witli  a  valve  in  this  i/^-in.  line  only  slightly 
(jpnied. 

W.  Oliveh. 

liacine,  Wis. 

In  Massachusetts 

In  the  Mar.  11  issue  I  read  with  interest  the  editorial 
on  the  Massachusetts  license  law.  Although  correct,  inso 
far  as  the  local  papers  have  stated  it,  there  are  some 
tilings  which  do  not  appear  accordiug  to  law. 

Any  man  in  this  state  holding  a  second-class  license 
may  have  charge  of  and  operate  an  engine  or  engines, 
uo  one  of  which  exceeds  150  hp.,  or  may  operate  a  first- 
class  plant.  If  a  plant  contains  an  engine  over  150  hp., 
it  is  a  first-class  plant.  Xot  many  years  ago  a  per- 
son who  could  qualify  could  receive  a  special  license  to 
have  charge  of  any  plant,  but  the  law  has  been  changed 
so  that  now  no  special  license  will  be  granted  to  have 
charge  of  a  plant  other  than  a  second-class  one. 

As  long  as  a  plant  remains  the  same,  a  man  who  re- 
ceived a  special  license  to  have  charge  of  a  plant  under 
the  old  law  can  continue  to  do  so  at  the  present  time,  but 
if  new  engines  are  installed  his  license  becomes  useles.-?. 

Here  is  where  the  inspector  whose  sails  were  to  be 
trimmed  found  the  greatest  number  of  violations.  In 
some  cases  jilants  iiad  been  entirely  rebuilt  and  larger 
engines  or  turbines  installed,  and  still  they  were  in  cliarge 
of  si)ecial  license  men,  who.se  licenses  were  granted  for 
the  old  plant. 

The  men  who  did  this  were  violating  the  law  just  as 
much  as  though  they  held  no  license  whatever.  The  rep- 
re.sentative  from  this  part  of  the  state  who  introduced  the 
special  license  bill  hoped  to  enable  tho-^ie  plants  to  con- 
tinue in  charge  of  a  sjieciai  man.  The  power-plant  own- 
ers themselves  argued  that  removing  these  men  threw 
out  of  employment  men  who  had  worked  for  them  for 
years,  and  imposed  a  great  hardship  (ni  men  who  had 
no  other  trade. 

The  bill  failed  to  l>ass.  Also,  a<c(.r(]ing  to  latest  re- 
jiorts,  the  local  ins])ector's  sails  are  still  flying  and  when- 
ever he  pro.secutes  he  seems  to  have  no  trouble  m  win- 
ning his  case. 

Cheshire.  Mass.  .\.  W.  (iniswoiji. 

(.According  to  the  ruling  of  the  Hoarrl  of  Boiler  Rides, 
a  second-class  license  entitles  the  holder  "to  operate  a  firsl- 
cliiss  plant  under  the  engineer  in  ilinit  cliarge  of  the 
plant. — EniToi!.] 


Value  of  Engine  Inspection 

It  was  necessary  to  renew  the  piston  rod  on  a  Corliss 
engine.  A  new  rod  was  made,  but  when  about  to  place  the 
new  rod  in  the  bull  ring  it  was  discovered  that  there  were 
three  cracks  in  the  body  of  the  bull  ring,  which,  of  course, 
made  it  necessary  to  also  make  a  new  ring.  Had  it 
not  been  necessary  to  take  the  piston  rod  out  of  the  bull 
ring  the  bad  condition  of  the  latter  would  not  have  been 
noticed  until,  perhaps,  a  serious  accident  happened. 

This  piston  was  examined  about  every  six  months,  but 
the  cracks  in  the  bull  ring  were  not  noticed  and  I  believe 
they  would  not  have  been  found  but  for  the  fact  that  the 
piston  roil  and  l)ull  ring  had  to  be  heated  to  get  the  old 
rod  out,  which,  of  course,  opened  up  the  cracks  so  they 
could  be  seen. 

H.  A.  Jaiixke. 

I\[ilwaukcc.  AVis. 


Piping  Mine-Pump  Air  Exhaust 

Witii  reference  to  ilr.  Houston's  letter  in  the  Apr.  33 
issue,  it  is  not  stated  clearly  how  he  forces  the  exhaust 
from  the  air-driven  pump  into  the  discharge  from  the 
water  end.  He  states  that  the  pump  operates  against 
a  head  of  400  ft.,  or  a  pressure  of  173  lb.  per  sq.iii.  It  is 
difficult  to  understand  how  the  exhaust  from  a  pump  tak- 
ing air  at  an  initial  pressure  of  90  lb.  per  sq.in.  can  be 
made  to  pass  through  a  check  valve  with  173  lb.  water 
pressure  on  the  other  siile  of  it.  An  explanatiiui  of  the 
above  would  be  interesting. 

Incidentally,  Mr.  Houston  could  have  ])revented  the 
freezing  of  the  exhaust  by  admitting  a  small  stream  of 
water  near  the  end  of  the  exhaust  line.  This  is  a  very 
simple  and  effective  method  and  causes  no  loss  of  power 
tlue  to  back  pressure. 

tiEOlKiK    H.     BlilDGKS. 

Holyokc,   Mass. 

A  Flood  Experience 

In  reference  to  your  editorial  "The  Afflicted  Middle 
West,"  in  the  Apr.  8  issue,  1  want  to  say  that  the  men  in 
cliarge  of  the  municipal  plant  here  were  certainly  "up 
against  it."  The  |)lant  is  near  the  river  and  was  soon  sur- 
rounded by  water  when  the  river  began  to  rise.  But  the 
men  stayi'il  (Ui  the  juli,  working  with  boots  on  until  forced 
to  abaiiiloii  the  plant,  from  which  they  were  taken  in 
boats.  The  tract  inn  lonipniiy's  power  ]ilant,  being  on 
liigher  ground,  cscapril  llir  (biml.  and,  although  there  is 
keen  coin])etiti(iii  lirl\vci>ii  ihc  two  rninpaiiies,  the  traction 
company  otl'ercd  to  supply  (  iiitciiI  hi  all  downtown  users 
through  the  city  mains.  The  dllcr  was  made  to  the  city 
ollicials.  anil  gratefully  acce])tc(l. 

They  worker!  day  and  night,  with  the  assistance  of  the 
Ft.  Wayne  (ieneral  I-Clectric  works,  getting  things  baked 
out.  Vt.  Wayne  was  tile  first  city  in  the  flood  zone  to 
have-  light.  The  water-works  pumiung  station  was  also 
flooded,  anil  the  supply  cut  tilf  three  days.  Then  two  lo- 
comotives were  placed  jis  near  the  ])uin])iiig  station  as  pos- 
sible and  a  sleaiu  line  was  run  (o  Ibe  pum|is,  whieli  were 
still  under  water,  and  (hey  began  to  ])um)i  wiitei-  foi-  do- 
nieslic  ])iirposes,  ll  lakes  a  real  engineer  to  lie  an  engi- 
neer at  a  time   like   this. 

Fl.  Wayne,  I  ml.  J.  W.  Fi{ii:s. 
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Large    High-Vacuum    Condenser  Test 

Referring  to  the  article  ou  page  216  of  tlie  Feb.  <!5  is- 
sue, on  the  test  recorded  by  J.  J.  Brown,  covering  a  25,- 
000-sq.ft.  turbine-base  surface  condenser;  36-iu.  double- 
suction  volute  pump,  driven  by  a  Corliss  engine;  14.\36x 
2-t-in.  dry-vacuum  pump  and  two  double-suction  hotwell 
pumps ;  the  writer  has  figured,  according  to  the  geometric 
mean,  the  B.t.u.  heat  transference  of  the  five  guarantees 
as  specified  on  page  280,  using  the  formula  given  on  page 
281,  in  accordance  with  which  the  guarantees,  all  based 
on  circulating  water  at  TO  deg.,  34,000  gal.  per  min.,  are 
as  followed  : 


2S.3-m.  vacuum.  210,000  !b.  of  steam  per  hour  427  B.t.u. 
2S.5-iii.  vacuum,  185,000  lb.  of  steam  per  hour  449  B.t.u. 
28.6-in.  vacuum.  155.000  lb.  of  steam  per  hour  396  B.t.u. 
28.7-in.  vacuum.  125,000  lb.  of  steam  per  hour  349  B.t.u. 
2S.9-m.  vacuum.    70,000  lb.  of  steam  per  hour  266  B.t.u. 

These  guarantees  can  be  met  by  a  new  apparatus  in 
good  condition  and  clean  tubes. 

The  circulating-pump  conditions  as  given  are  apparent- 
ly correct,  figuring  up  to  a  head  of  11  ft.  when  36,000 
gal.  per  min.  are  delivered  through  the  condenser,  which 
checks. 

In  Table  2  is  a  test  in  July,  1910,  where  the  heat 
transference  is  recorded  as  varying  from  103  to  550  B.t.u. ; 
the  latter  figure  is  given  in  only  one  instance  and  under 
the  following  conditions:  Vacuum,  28.286  in.;  the  tem- 
perature corresj)onding  to  vacuum,  96.15  deg.;  hotwell 
temperature,  90.3  deg. ;  circulating  water,  73.1  deg. ;  in- 
let, 86.9  deg.;  outlet,  steam  conden.sed,  210,000  lb.  per 
hour. 

Xo  mention  is  made  of  where  the  vacuum  reading 
was  taken,  nor  whether  it  was  taken  simply  through  a 
hole  drilled  in  the  base,  or  through  a  perforated  pipe, 
.so  that  th^  velocity  of  the  steam  would  not  affect  the 
reading.  It  should  have  been  taken  in  the  latter  way,  and 
at  several  points;  also,  the  steam  temperature  should  be 
an  actual  reading  and  not  recorded  as  the  temperature 
of  steam  corresponding  to  the  vacuum,  as  in  this  test, 
without  any  statement  as  to  where  the  vacuum  reading 
was  taken.  It  will  be  noted  in  the  article  that  this  con- 
denser contains  rain-plates. 

It  is  fair  to  assume  tliMt  there  was  a  considerable  loss 
in  pressure  between  the  space  beneath  the  turbine  buck- 
ets and  the  dry-air  suction  openings,  and  if  the  reading 
given  was  taken  at  the  air-pump  suction,  and  there  should 
be  1  in.  loss  through  the  condenser,  the  figures  will  change 
as  follows:  Vacuum,  27.286  in.;  temperature  correspond- 
inging  to  vacuum,  111.6  deg.;  st^am  per  hour,  210,000 
lb. :  hotwell  temperature.  90.3  deg.  circulating  water,  the 
same  as  given  by  Mr.  Brown.  Th£':.e  conditions,  instead 
of  giving  550  B.t.u.  transference,  'jn'e  only  266  B.t.u.,  a 
very  poor  instead  of  a  very  good  efficiency.  It  is  neces- 
sary to  give  the  readings  both  at  the  air-pump  suction  and 
beneath  the  turbine  bucket?  and  the  test  record  is  incom- 
plete and  misleading  without  such  particulars. 

On  page  280,  Table  1,  is  a  test  of  the  dry-vacuum 
pump,  the  mechanical  effi.ciency  being  figured  from  the 
mean  effective  pressures  in  the  steam  and  air  cylinders 
and  their  relative  volumes.  This  efficiency  averages  about 
85  per  cent.,  but  no  statement  is  made  as  to  the  vacuum 
maintained,  which  is  very  important,  since  a  dry-vacuum 
pump  obtains  its  least  efficiency  at  perfect  vacuum,  and 
its  highest  mechanical  efficiency  at  the  greatest  load,  which 
is  at  about  19  in.  vacuum.    I  judge  from  the  average  mean 


effective  pressure  recorded  from  the  air  cylinder,  about 
15.1  lb.  per  sq.in.,  that  the  machine  was  operating  with 
between  27  and  271/^  in.  vacuum  when  these  readings 
were  taken,  under  which  conditions  it  would  show  a 
higher  efficiency  than  .when  operating  under  tlie  guar- 
anteed conditions  of  between  28.3  and  28.9  in. 

It  would  be  interesting  to  know  whether  Mr.  Brown 
would  guarantee  the.se  efficiencies  when  operating  a  high 
vacuum  covered  by  the  five  conditions  upon  the  apparatus. 
Under  test  conditions,  somewhat  better  results  are  likely 
to  be  obtained  than  under  running  conditions,  for  which 
the  guarantees  should  be  suitable. 

C'AitL  GiiOUGE  iJE  Laval. 

Orange.  X.  .1. 

Firemen — and   Firemen 

The  foreword,  "Firemen — and  Firemen,"  in  the  Apr. 
29  issue,  gives  the  impression  that  the  Mallet  locomotive 
fireman's  work  is  unusually  hard,  the  hours  lung  and  the 
compensation  small. 

The  firemen  represented  at  the  hearing  mentioned  in 
the  note  at  the  top  of  the  page  are  mainly  employed  by 
Eastern  railroads,  and  the  locomotive  firemen  in  X^ew 
England  have  much  the  best  of  the  comparison.  To  be- 
gin with,  there  are  no  Mallet  locomotives  used  in  this 
section.  It  is  a  mighty  poor  fireman  who  cannot  earn 
$75  per  month  on  any  run  where  he  can  put  in  at  least 
60  hr.  per  week.  Ou  some  express  runs  his  actual  time 
is  40  hr.  per  week,  for  which  he  receives  over  $100  in  the 
month. 

Consider  the  duties  of  a  locomotive  fireman,  such  as 
cleaning,  etc.  Once  he  had  to  i^olish  the  brass  and  clean 
the  locomotive.  Today  he  cleans  nothing  below  the  run- 
ning board,  and  what  he  does  clean  is  usually  very  poorly 
done.  Frequently  the  runs  are  short,  with  many  stops,. 
so  that  he  has  just  as  much  of  a  snap  as  many  of  the  sta- 
tionary firemen. 

As  to  the  fierce  heat,  almost  any  stationary  boiler  will 
scorch  one's  clothes  if  it  is  run  hard  enough.  Where  a. 
stationary  man  has  considerable  space  to  cover  in  firing, 
and  the  coal  is  not  always  handy,  he  frequently  has  to- 
go  outdoors  and  wheel  it  in  as  it  is  needed.  On  a  loco- 
motive the  coal  is  always  at  hand,  there  is  never  more 
than  two  doors  to  fire  into,  and  the  fireman  does  not  lift 
or  throw  the  coal  in  large  shovelfuls. 

I  do  not  believe  the  foreword  represents  the  facts.  Xew 
England  firemen  after  60  hr.  work  on  the  lightest  runs 
get  more  than  the  above  mentioned  wages.  According  to 
one  prominent  railroad,  the  men  are  paid  by  the  mile,, 
and  as  the  Mallets  will  cover  many  miles,  the  firemen 
should  make  good  wages. 

After  reading  such  a  .statement  many  might  believe 
that  locomotive  engineers  and  firemen  are  down-trodden 
and  underpaid,  but,  as  a  whole,  they  are  far  stronger  and 
better  organized  than  any  of  the  stationary  engineers  or 
firemen  and  are  much  better  paid. 

Xeither  must  they  possess  the  general  knowledge  re- 
quired of  the  stationary  engineer.  Wliile  it  does  not  pay 
to  have  a  grouch  or  sit  and  think  how  hard  our  lot  is,  I 
do  think  the  locomotive  fireman's  job  is  no  harder  than 
that  of  the  stationary  fireman. 

G.  H.  Ki:\[BALL. 

Ea-st  Dedbam,   Mass. 
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Opcrnting  Turbine  without  Dry  Air  Pump — In  a  modern 
turbine  station,  how  could  the  turbine  be  Ivept  runnins^  if  the 
dry   air   pump    should    give    out?  t>      \     r* 

Failure  of  the  dry  air  pump  would  mean  a  reduction  of  the 
vacuum,  which  could  only  be  compensated  by  raising-  either 
the  pressure  or  the  amount  of  steam  admitted  to  the  turbine 
either  in  the  initial  or  secondary  stages. 


Sin^le-E^ecentric  Corliss  Engine  Cutoff — How  late  in  the 
stroke  can  a  single-eccentric  Corliss  engine  cut  off,  and  why 
not  later? 

Usually  such  an  engine  does  not  cut  off  later  than  one- 
half  stroke,  and  cannot  be  made  to  do  so  without  interfering 
with   the   proper   action   of   the   exhaust   valves. 


Sixes  of  \Vnter-Tiil>e  Boilers — What  limits  the  size  of  wa- 
ter-tube boilers  equipped  with  mechanical  stokers?  Why  not 
make  them   3000  or  5000  hp.  instead  of  300  to  600  hp.? 

R.    A.    C. 

There  is  no  limit  to  the  size  except  as  a  matter  of  con- 
venience and  for  commercial  reasons.  Boilers  are  not  made 
larger  because  of  the  necessity  of  cutting  out  too  much  ca- 
pacity when  one  boiler  is  down  for  cleaning  or  repairs. 
Further,  larger  units  could  not  as  closely  aggregate  any  given 
capacity  required  and  little  elasticity  for  the  supplying  of  va- 
luable  demands  for  steam   would   be   possible. 


Steam  Regenerators — How  much  water  should  a  steam  re- 
generator   contain    in    relation    to    the    size    of    the    turbine    it 

^''"'■^-  W.   T.   F. 

Generally  about  ten  times  the  quantity  of  water  used  per 
hour  by  the  turbine,  i.e.,  the  weight  of  water  in  the  regener- 
ator should  be  about  ten  times  the  weight  of  steam  consumed 
per  hour  by  the  turbine. 

Diamond  Patch  on  Boiler — A  diamond  patch  is  to  be  put 
on  a  boiler  having  a  seam  efficiency  of  75  per  cent.,  and  the 
patch  efficiency  is  to  be  the  same.      How  should  it  be  applied? 

G.    H.   A. 

The  patch  corners  should  be  rounded.  If  the  sides  make 
an  angle  of  45  deg.  with  the  boiler  axis,  single  riveting  will 
be  as  efficient  as  double-riveting  of  a  horizontal  seam.  The 
latter  being  75  per  cent,  with  the  same  size  and  pitch  of  rivets 
for  the  patch,  its  efficiency   will   be   the  same. 


steam  turbine   determined?  ,  p 

Steam-Turhlne  Horsepower — How  is  the  horsepower  of  a 
The  theoretical  horsepower  ot  a  steam  turbine  is  deter- 
mined from  computation  of  the  energy  developed  by  the  steam 
which  is  used,  in  falling  from  the  initial  to  the  discharge 
pressure  of  the  steam.  The  actual  horsepower  is  determined 
by  measuring  the  electrical  load  driven  by  the  turbine,  or  by 
an   absorption   dynamometer. 


Neeesslty  of  Dry  Air  Pump — Are  dry  air  pumps  necessary 
with   all   condensing   turbine   installations?     If   not,   why   not? 

R.  A.  C. 

No,  they  are  not  with  certain  apparatus.  Tests  have  been 
made  In  which  as  high  as  2fi  In.  of  vacuum  was  obtained  .and 
no  dry  air  pump  used.  With  ordinary  condensing  equipment 
the  dry  air  pump  is  preferable  but  not  necessary.  Its  advan- 
tage Is  that  It  reduces  the  size  of  wet  vacuum  pump  required 
by  relieving  the  latter  of  handling  vapor  and  air  and  thereby 
increases  the  degree  of  vacuum  that  can   be  maintained. 


Triplex    vs.    Duplex    P<i 

tagos    rif    triplex     as     con 
pumps? 


I  pa red 


limps— 

with 


-What    are    the    advan- 
(hiplex      power-driven 


T.   H.   M. 

The  advantages  are  that  the  discharce  of  the  triplex  pump 
Ib  steadier  and  there  Is  less  clattering  of  the  check  valve  on 
the  boiler  or  tank  supi)lled  by  the  pump.  The  disadvantages 
are  that  there  la  rather  more  piston  or  plunger  friction  In 
proportion  to  the  amount  of  water  handleil  and  for  pumps 
of  equal  capacity,  the  triplex  having  smaller  pistons  or  plung- 
ers and  also  smaller  water  passpges,  there  Is  greater  frlc- 
tlonal  resistance  offered  to  the  water  and  the  percentage  of 
»llp    Is   higher. 


Water-Turbine  Supply — With  a  fall  of  water  available  of  67 
in.,  how  many  cubic  feet  of  water  per  minute  would  be  neces- 
sary to  operate  a  20-hp.   turbine? 

J.    A.    B. 

If  by  available  head  is  meant  the  head  over  and  above 
all  losses  sustained  in  bringing  the  water  to  the  wheel,  or 
by  back  water  in  the  tailiace'the  available  head  can  be  taken 
as  the  actual  head.  Probably  there  is  some  loss  at  the  point 
where  the  water  is  discharged  from  the  wheel  by  "piling  up." 
To  allo\/  for  this  it  would  be  about  right  to  deduct  7  in., 
leaving  60  in.,  or  5  ft.,  as  the  actual  working  head.  A  good 
turbine  will  have  an  efficiency  of  about  75  per  cent.,  so  that 
the   "horsepower   in    the   water"    would   have   to   be 


20 


0. 


=    26.66, 


26.66    X    33,000    =  879,780    ft.-lb.    per   min. 
Falling   5   ft.,   the   weight   of  water  required  would   be 
879. 7S0 
=  17,595.6    lb.,    or 


17,595.6 
62.4 


=   281. 9,  or,  roundb 


Pop  Valve  Sizes — Two  boilers  are  of  the  same  dimensions 
and  same  tensile  strength,  but  one  carries  150  lb.  pressure 
and  the  other  100  lb.  Which  should  have  the  larger  pop 
valve? 

,".    P. 
Regardless   of   whether   or  not   the   boilers   are   of   the   same 
tensile    strength    the    one    at    lower    pressure    should    have    the 
larger   valve   to   relieve    it   of   the   same   weight   of   steam    in   a 
given    time.      This   is   shown    by    the    familiar    formula    for    the 
area  of  safety  valve   to  use   under  given  conditions,   i.e., 
W70 
A    =    X    11. 


■where 


Area    of    valve    in    square    inches    per    square    foot    of 


W    —    Weight  of  water  evaporated  pel   square  foot  of  grate. 

P    =    Pressure    (abs.)    at  which   valve   is  set. 

Other  things  being  equal  the  valve  area  must  be  increased 
when  the  pressure  is  decreased.  The  boiler  being  safe  up  to 
150  lb.,  the  same  size  valve  would  be  large  enough,  so  far  as 
the  boiler  is  concerned,  but  for  the  piping  and  equipment  be- 
yond the  boiler  there  may  be  reason  to  keep  the  pressure 
from  exceeding   100   lb. 


Contents  of  Boiler — What  will  be  the  water  contents  in 
cubic  feet  of  a  horizontal  tubular  boiler  66  in.  in  diameter,  16 
ft.  long,  having  57  tubes  4\i  in.  in  outside  diameter,  and  the 
water   level   15   in.    from   the   top   of  the   shell? 

R.   S. 

The  volume  of  water  in  the  boiler  will  be  the  net  cross- 
sectional  area  multiplied  by  the  length  (16  ft.).  The  cross- 
sectional  area  will  be  the  cross-sectional  area  of  the  shell 
minus  the  cross-sectional  areas  of  all  the  tubes  minus  the 
cross-sectional  area  of  the  steam  space  (a  segment  of  u. 
circle). 

The   cross-sectional  area   of  the   shell    is 
66  X  66  X  0.7854 


144 
57    tubes 

4.5  X  4.5  X  0.7854 


:=    23.758    sq.ft. 


144 
space 
0.13395  X  66  X  66 


X    57    =    6.294    sq.ft 


144 


4.032  sq.ft. 


(for  the  method  see  Enirlnoors'  Study  Course,  'Tower," 
Apr.  1.  1913.  page  468.  0.13395  Is  the  area  of  the  proportional 
si'gment  of  a  circle  of  unit  diameter  and  Is  found  from  a 
table  of  circular  segments,  after  finding  the  height  of  the 
Iiroportlonal  segment  by  dividing  Ihe   boiler  diameter   by  the 

IB 
height  of  the  steam  space  —  =   0.227.) 
60 
Then  the  net  cross-sectional  area  Is 

23.758  —  6.294  —  4.052    -    13.412  .qq.ft. 
and    thi-    volume 

13.412    X    16    =    214.59   cil.ft. 
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ENGINEERS'     STUDY     COURSE 


Analysis  of  Coal — II. 

Appak.\tus  Keqciked  for  Proximate  Axalysis 
The  following  pieces  of  apparatus  or  their  equivaleut 
are  required  for  making  a  proximate  aualysi.<: 

1  cheniist's  balance  (sensitive  to  1  milligram)  .512.00 

1  set  of  weights  (50  grams  to  1  milligram) ...  .2.25 

1  porcelain  crucible  with  cover  (15  c.c.  capaf  it;.  •  0.15 

1  iron  ring  stand  or  iron  tripod .0.25 

1  Bunsen  burner  or  gasoline  blow  torch,  25c.  or  .  ,      2.75 

1  desiccator  (sulphuric  acid)  (4  in.  in  diameterp  1.25 

1  lb.  sulphuric  acid  (chemically  pure) .0.30 

1  drj'ing  oven 1.10 

1  100-mesh  sieve  (small  size) 1  *0 

1  mortar  and  pestle  (porcelain) 0. 35 

2  porcelain  insulated  wire  triangles  (2-in.) ...  .     0. 15 

1  pair  crucible  tongs 0. 35 

1  coffee  mill  (cast  iron) 115 

$23.45 

Thus,  you  see,  for  a  total  cost  of  less  than  the  price  of 
a  good  steam-engine  indicator  any  man  can  own  the 
means  of  examining  the  coal  used  in  his  plant.  And.  al- 
though the  indicator  is  a  splendid  instrument  for  etfect- 


TUE   B.\LAXCE 

The  most  important  piece  of  apparatus  is  the  balance 
and  the  price  given  in  the  list  is  that  of  about  the  cheap- 
est that  can  be  used.  More  sensitive  balances,  capable  of 
giving  close  results,  would  cost  $25,  $50,  $75  or  $100. 
But  for  the  average  power-plant  requirements  the  $12 
balance  is  satisfactory  when  used  carefully.  An  actual 
picture  of  such  a  balance  is  seen  in  the  assemblj-  view, 
Fig.  2,  and  a  sketch  is  given  in  Fig.  3. 

The  box  rests  on  three  legs,  a  stationary  one  at  the 
rear  and  the  two  adjustable  ones  A  at  the  front  of  the 
sides,  by  means  of  which  the  balance  is  leveled.  The  level- 
ing in  the  present  case  must  be  done  by  placing  a  small 
spirit  level  on  the  top  of  the  box,  first  extending  left 
and  right,  then  front  and  back,  and  adjusting  the  thumb- 
screws to  suit.  Some  balances  are  fitted  with  a  small 
plumb-bob  for  leveling,  in  which  case  the  spirit  level  is 
unnecessary. 


Fig.  2.  Apparatus  REQriRED  for  Proximate  Analysis 


ing  economy,  it  is  even  more  important  to  examine  into 
the  character  of  the  coal  you  purchase.  If  the  ash  or 
moisture  content  in  a  certain  lot  of  coal  is  larger  than 
normal,  you  should  know  it  and  take  steps  to  avoid  being 
"stuck"  in  a  similar  way  again.  If  the  character  of  the 
combustible  part  of  the  coal  undergoes  a  marked  change 
you  should  know  it  in  order  that  the  firing  methods  may, 
if  necessary,  be  changed  to  suit. 

It  certainly  is  to  the  best  interests  (in  every  .sense  of 
the  word)  of  every  engineer  operating  a  coal-burning 
nlant,  to  analyze,  if  not  a  sample  from  every  shipment 
of  coal  received,  at  least  frequently  enough  to  know  with 
fair  certainty  whether  the  character  of  the  coal  changes, 
and  to  keep  a  record  of  all  analyses  together  with  the 
price  of  the  coal  from  year  to  year  for  the  purpose  of 
future  reference. 

Xow,  the  cost  shown  by  my  list  may  be  reduced  some- 
what by  substituting  home-made  apparatus  and  this  point 
will  be  taken  up  as  we  discuss  each  individual  piece. 


The  balance  beam,  fitted  with  a  small  knife-edge  shaft 
of  hard  steel  at  its  middle,  rests  in  the  saddle  B,  at  the 
top  of  the  upright,  which  has  V-shaped  hard-steel  bear- 
ings. A  hard-steel  knife-edge  shaft  at  each  end  of  the 
beam  carries  a  stirrup  with  hard-steel  V-shaped  bear- 
ings from  which  the  scales  are  hung.  The  scale  pans  C 
are  removable.  The  saddle  B  is  raised  and  lowered  by 
means  of  the  thumb-screw  C ;  in  the  lowered  position  the 
scales  rest  on  the  box,  as  shown;  in  the  raised,  they  clear 
the  bo.x  by  about  %  in.  and  the  beam  is  thus  free  to  swing 
and  indicate  whether  the  contents  of  the  pans  are  equal 
in  weight  or  not.  The  object  of  this  arrangement  is  to 
make  it  more  easy  to  load  and  unload  the  pans.  The  bal- 
ance is  so  sensitive  that  if  you  attempted  to  lift  one  pan 
o£E  or  take  out  or  put  in  a  weight  much  greater  than  one 
gram,  the  other  pan,  unless  fir.«t  supported  or  steadied, 
would  bang  down  on  the  box  and  perhaps  upset  what- 
ever it  contained  or  even  dislocate  its  stirrup  on  the  beam 
above.    Thus,  before  greatly  disturbing  the  equilibrium  it 
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is  convenient  to  lower  the  pans  so  that  tliej-  rest  on  thu 
box.  Of  course,  when  weighing,  after  an  approximate 
balance  has  been  established,  the  addition  to  or  removal 
from  the  weight  pan  of  a  weight  of  200  milligrams  or  less 
does  not  make  the  balance  swing  violently  and  the  pans 
need  not  be  lowered. 

Before  weighing,  the  balance  should  be  tested  1  y  put- 
ting the  empty  pans  in  the  scales,  raising  the  beam  and 
noticing  whether  the  pointer  D  either  remains  on  the  cen- 
ter line  of  the  scale  E  or  swings  an  equal  number  of 
divisions  to  each  side  of  the  center  line.  If  slight  ad- 
justment is  necessary  this  can  be  made  by  turning  the  ad- 
justing screw  F  one  way  or  the  other  until  the  balance  is 
correct.  Best  results  are  accomplished  when  the  balance 
is  placed  where  it  is  free  from  even  the  slightest  air  cur- 
rents and  uneven  variations  in  temperature.  The  more 
■expensive  balances  are  housed  in  glass  cases  which  have 


The  weights  are  based  on  the  French  or  metric  stand- 
ards; the  units  used  being  grams  and  milligrams.  The 
reason  for  using  the  French  units  instead  of  the  English 
pounds,  ounces,  etc.,  is  that  as  the  French  units  are  based 
on  the  decimal  system  they  make  calculation  more  sim- 
ple. A  gram  equals  about  0.035  of  an  ounce.  One  milli- 
gram equals  Vio„„  of  a  gram,  and,  hence  to  reduce 
grams  to  milligrams  or  rice  versa  it  is  simply  a  matter  of 
adding  the  right  number  of  ciphers  or  locating  the  deci- 
mal point.  To  illustrate,  526  milligrams  equal  0.536 
gram;  62  grams  equal  62,000  milligrams;  13.27  grams 
equal  13,270  milligrams,  etc. 

One  set  of  weights  consists  of  one  50-gram,  two  20- 
gram,  one  10-gram,  one  5-gram,  two  2-gram,  one  1-gram, 
one  500-milligram,  two  200-milligram,  one  100-milli- 
graiii,  one  50-milligrani,  two  20-milligram,  one  10-milli- 
grani,  one  5-miIlis:ram,  t\vc>  2-niilligram  and  one  1-milli- 
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fronts  that  slide  up  and  down,  the  cases  being  closed 
when  the  final  balancing  is  being  tried.  The  ingcni()u^^ 
man  who  wishes  to  get  the  be.st  results  with  liis  $12  bal- 
ance may  build  a  gla.«s  case  for  it,  constructing  the  case, 
of  course,  so  that  the  thumb-screw  C,  for  raising  and  1()W- 
ering  the  scales,  projects  through  the  front  and  can  lie 
mani])ulaled  when  the  front  is  closed. 

Tlie  weights  are  furnished  in  a  special  bo.\  wliicli  has 
ooiiijiartnients  for  each  size  and  they  should  always  1)C 
kei)t  in  the  box.  As  soon  as  a  weigbt  is  removed  from 
the  balance  it  should  he  placed  directly  in  its  compart- 
ment and  not  laid  upon  the  table  or  anything  else  when 
it  is  in  danger  of  becoming  lost,  dirty  or  damaged.  S.  pair 
of  forceps  for  handling  the  weights  is  furnished  with 
every  set  and  should  always  be  used  in  preference  to  the 
bare  fingers  as  moisture  from  the  latter  is  liable  to  rause 
tarnishing  or  the  accumulation  of  dirt,  or  other  foreign 
matter. 
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Fig.  2. 

Tf  a  good  su])])ly  of  gas  is  available  (as  in  almost  any 
citv)   a   luinsen   burner  is  tlie  most   convenient  form  of 
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lieater  to  usu.  JT  iiui.  a  gll^ulille  blow-toreli,  such  as  .sliow'ii 
in  Fig.  2,  will  be  needed ;  or  an  ordinary  plumber's  or 
electrician's  torcli  will  do  nicely.  The  latter,  however, 
usually  gives  a  horizontal  flame  and  will  have  to  be  tilted 
a  little  in  order  to  make  the  flame  strike  the  oven  or 
crucible  to  best  effect. 

A  home-made  bunsen  burner  as  per  Fig.  5  will  give 
just  as  satisfactory  results  as  a  purchased  burner.  To 
regulate  the  air  supply  a  loose  sleeve  is  placed  above  the 
union  on  the  ^-in.  nipple  and  is  jjrovided  with  four 
Iioles  to  matcli  the  holes  in  tlie  ni])])le. 

DlCSU'lATOI! 

When  the  moisture  has  all  Ijoen  driven  off  from  the 
sample  of  coal  by  the  first  heating  and  the  sample  is  dry 
and  still  hot  it  would  rapidly  absorb  moisture  from  the 
air  if  left  exposed  to  it  in  that  condition.  And  the  same 
thing  would  happen  after  each  subsequent  heating  if  the 
sample  were  left  exposed  to  the  ordinary  air. 

Hence,  the  sample  is  transferred  direct  from  the  oven 
or  from  the  tripod  to  the  desiccator  or  drier  to  cool  off 


-No.l2  Iron  Vdre 
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before  being  weighed.  The  commonest  form  of  desiccator 
is  that  shown  in  Fig.  2.  It  consists  .simply  of  a  glass  jar 
and  lid ;  the  joint  between  jar  and  lid  being  ground  to 
an  air-tight  fit.  The  lower  part  or  well  of  the  desiccator 
is  about  quarter  or  half  filled  with  pure  sulphuric  acid. 
The  upper  part  contains  a  glass  or  porcelain  tray  upon 
which  to  set  the  crucible  containing  the  sample  of  coal. 

The  principle  of  the  desiccator  is  this :  Sulphuric  acid 
has  a  strong  affinity  for  water  or  moisture.  Hence,  with 
an  air-tight  lid,  what  little  moisture  there  is  in  the  air 
entrapped  in  the  desiccator  is  soon  absorbed  by  the  acid 
and  the  hot  sample  of  coal  does  not  get  a  chance  to  ab- 
sorb anv'  moisture  and  thus  cause  an  error  in  the  analysis. 

One  pound  of  chemically  pure  sulphuric  acid  (enough 
for  use  in  the  desiccator  for  a  long  time)  can  be  purchased 
for  30c.;  this  includes  the  glass-stoppered  bottle  to  con- 
tain it.  How  long  the  acid  in  the  desiccator  will  remain 
effective  depends  on  the  manner  in  which  it  is  used.  If 
means  are  available  for  accurately  weighing  the  acid  or 
the  desiccator  before  and  after  the  acid  has  been  put  in, 
the  acid  may  be  renewed  when  the  gain  in  weight  is  equnl 
to  25  per  cent,  of  the  original  weight  of  the  acid.  To 
illustrate,  .suppose  14  1'^-    (or  about  113  grams)   of  the 


dry  acid  wore  put  into  the  desiccator  and  after  six  moulh.'< 
or  a  year,  the  weiglit  was  found  to  be  5  oz.  (a  gain  of  25 
per  cent.)  it  would  then  be  advisable  to  refill  the  desic- 
cator with  fresh  acid.  If  it  is  not  convenient  to  cheek  up 
the  condition  of  the  acid  by  weighing,  it  is  safest  to  renew 
it  about  once  a  ycnr. 

Great  caution  iiuisi  be  ii>cd  in  Inuidling  suliiliuric  acid 
as  it  will  attack  nr  ""cat  away"  the  clothing,  also  iron, 
copper  and  many  ntlicr  niclals.  And,  if  it  comes  in  con- 
tact with  liunuin  Mesh  it  causes  a  l)ad  burn.  Keep  the 
bottle  where  it  is  nut  in  danger  of  being  broken  and  be 
sure  that  none  of  the  acid  is  allowed  to  spill  out  of  the 
desiccator.  Also,  never  allow  any  water  to  come  in  con- 
tact with  the  acid  as  much  heat  is  generated  thereby  and 
the  acid  might  splatter  on  the  face  or  hands.  Always  keep 
the  lid  on  the  desiccator  to  prevent  the  acid  from  aI)sorb- 
ing  moisture  rroni  the  ail'  and  tliiis  becoming  weakened 
too  soon. 
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The  drying  oven  is  used  for  the  first  heatii 
sample  to  determine  the  moisture  content. 

If  you  were  to  purchase  a  standard  oven  it  would  cost 
at  least  $5.  The  oven  shown  in  Fig.  2  can  be  manufac- 
tured for  $1.10  or  even  less.  Secure  a  1-qt.  tin  pail 
(al)uut  t  in.  in  diameter  by  about  4^4  in-  high)  cost 
10c.  Fuuch  a  hole,  about  1 1/4  i".  in  diameter,  in  the  cen- 
ter of  the  lid.  Next,  secure  a  good  sound  cork  to  fit  the 
hole  and  bore  a  hole  in  the  cork  so  that  the  thermometer 
will  fit  in  it  snugly,  as  shown. 

See  that  the  lid  of  the  pail  fits  loosely  so  that  it  can 
be  removed  without  the  necessity  of  holding  the  pail,  as 
the  latter  will  be  hot  and  awkward  to  handle  most  of 
the  time  and  the  sample  might  be  spilled  if  force  is  us(?d. 
If  necessary,  cut  off  or  bend  in  the  flange  on  the  lid. 
I'unch  one  or  two  small  holes  (i/s  in-  in  diameter)  in 
the  side  of  the  pail  cl(]>e  to  ibc  iHiitoni  also  one  or  two  in 
the  lid  to  provide  for  a  small  cirt'ulation  of  air. 

Purchase  a  chemical  thermometer  having  a  range  from 
zero  to  200  deg.  C,  cost  $1.  Insert  this  in  the  cork,  as 
shown  in  Fig.  2,  so  that  the  bulb  projects  into  the  pail 
about  1%  in. 

Bend  down  the  ends  of  a  porcelain-insulated  wire  tri- 
angle so  as  to  form  a  little  stand  for  the  crucible,  as 
shown  in  Fig.  2.  Put  this  stand  in  the  pail  and  place 
the  pail  on  the  ringstand  or  tripod  over  the  burner  and 
our  home-made  oven  is  ready  for  "business." 

The  next  item  on  our  list,  the  100-mesh  sieve,  is  de- 
sirable but  not  absolutely  essential.  It  is  used  for  sifting 
the  sample  before  the  analysis.  If  economy  in  first  cost 
is  imperative,  the  sample  may  be  prepared  without  sift- 
ing, but  extreme  care  should  be  used  to  crush  the  sample 
uniformly  and  as  fine  as  possible. 

The  mortar  and  pestle,  for  crushing  the  sample,  may 
also  be  dispensed  with  if  desired ;  but  the  price  is  so  small 
and  they  are  so  convenient  that  this  is  not  recommended. 
If  the  sample  is  crushed  with  a  hammer  in  an  iron  pot, 
on  a  sheet  of  iron,  slab  of  stone  or  other  hard  surface, 
care  must  be  taken  that  particles  of  incombustible  foreign 
matter  do  not  get  mixed  with  the  coal,  thus  causing  an 
error  in  the  analysis. 

The  next  item  on  the  list,  the  porcelain-insulated  wire 
triangles,  are  used,  one  for  supporting  the  crucible  on 
the  tri]3od  or  ringstand  over  the  flame,  the  other,  bent 
as  just  described,  for  supporting  the  crucible  in  the  dry- 
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iiig  oveu.  Satisfactory  home-made  triangles  ma}'  be  made 
as  shown  in  Fig.  6. 

The  crucible  tougs,  shown  in  Fig.  2,  are  used  for  hand- 
ling the  crucible  and  lid  throughout  the  analysis.  A  pair 
of  home-made  tongs  could  be  devised,  but  it  is  doubtful 
if  the  effort  is  worth  while  as  they  probably  would  not  be 
as  "hand}-"  or  as  smooth  working  as  a  purchased  pair. 

The  last  item  on  the  list,  the  coffee  mill,  is  employed 
to  coarsely  grind  the  sample  before  it  receives  the  final 
mixing  and  crushing.  If  an  old  coffee  mill  is  available, 
so  much  the  better,  as  it  will  answer  just  as  well  as  a  new 
one  and  the  cost  of  the  new  one  will  be  saved.  It  should 
lie  strong  enough,  however,  to  stand  the  service.  One 
made  of  cast  iron  would  be  suitable. 

Pumping   under   Difficulties 

The  photograph  shows  the  pumi>ing  station  at  South 
Glens  Falls,  X.  Y.,  just  prior  to  the  flooding  of  the  pump 
and  boiler  rooms. 

This  little  station  is  on  the  bank  of  the  Hudson  Eiver 
and  delivers  water  to  a  standpipe  IS  ft.  in  diameter,  12-5 
ft.  high  on  a  hill  to  the  left  and  not  shown  in  the  photo- 
graph. This  tank  holds  the  only  water  supply  for  the 
town. 

Thirty-six  hours  after  the  photograph  was  taken  the 
Avater  had  risen  level  with  the  top  of  the  "Xo  admittance" 
sign  between  the  door  and  window,  and  thus  flooded  the 
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boiler  room,  putting  out  the  fires.  When  the  water  be- 
gan to  ri.se  rapidly  tiie  pumps  were  started  so  as  to  fill 
the  standpipe  and  increase  the  sup)jly  available  from  the 
tank.  The  boilers  are  hand  fired  and  use  luttural  draft. 
The  plant  was  kept  in  operation  until  the  water  rose  so 
high  in  the  ashpits  that  the  draft  became  inadequate  to 
burn  the  coal.  The  plant  was  out  of  commission  for  36 
hours  and  the  town  was  without  water  for  17  hours. 

The  only  real  damage  to  the  plant  was  the  breaking  of 
the  stack  at  the  uptake.  This  was  caused  by  a  log  jam 
lodging  against  one  of  the  guy  wires,  and  jnilling  the 
stack  over  enough  to  break  the  uptake.  Sheet  asbestos 
and  sheet  tin  wired  around  the  break  serve  to  give  draft 
enough  to  operate  the  boilers.  As  soon  as  the  water  re- 
ceded lielow  the  grates  the  fires  were  started 


Know  anything  about  wabbUng  that  you're  not  ashamed 
to  ten?  In  the  May  13  issue  this  question  is  propounded: 
"Shall  we  let  the  foot-pound  wabble  or  vice  versa?"  As  Prof. 
Kent  says  there's  no  need  for  its  wabbling,  shall  we  let  it 
vice  versa?  Or  just  wriggle  or  tuvkey-trot?  What's  the  dif- 
ference  between   a   wabble   and   a  vice   versa? 


No.  Eliphalet,  we're  under  no  obligation  to  climb  genealog- 
ical trees  and  shake  down  any  reader's  ancestors.  We  will 
oblige  by  stating  that  there  was  an  Eliphalet  O'Reilly  in  the 
War  of  the  Revolutic-i.  Here  also  are  recorded  a  few  more 
euphonious  names  tnat  today  wo  ild  savor  of  lost  motion: 
euphonious  names  ^hat  today  wr  uld  savor  of  last  motion: 
Ebenezer  Muiohy,  Icf'aboe  O'Flan  igan,  Abel  Kelley  and  Esau 
Sullivan.  'Twas  Kelley  that  put  over  that  stirring  war-cry, 
Erin  go  unum  e  plu" 'bus  brp^h,  which  freely  translated 
means  that  the  Irish  3t.  id  united  in  the  belief  that  God  loves 
them! 


"Seventy-flve  men  and  wo  nen  were  startled  when  the  dy- 
namo of  the  m.achine  explode  1,"  says  the  New  York  "Times." 
Startled?  This  announcement  would  startle  a  New  York 
street-car  horse,  one  of  trie  mcst  prepossessed  beasts  in  cap- 
tivity. 

When  you  make  a  Kansas  engineer  believe  that  you  say 
something  when  opening  year  mouth  and  you  hit  straight 
from  the  shoulder,  end  your  slogan  is  "Fair  play  for  us  all" — 
you  can  be  sure  you're  a  m-xn  and  a  brother.  Frank  Thomas, 
supervisor  of  the  Santa  FS  Ry.  apprentices,  did  just  this  thing 
at  the  Topeka  convention,  and  the  boys  made  him  an  hon- 
orary member  of  the  N.  A.  S.  E.  "Any  Tom,  Dick  or  Harry 
can't  be  £  good  engineer."  said  Frank.  "Yours  is  a  profes- 
sion requiring  talent  and   brains." 

Bully  and   some! 

A  weisenheimer  is  trying  to  scare  us  by  saying  there's 
3.5,000,000  bacteria  in  a  cubic  inch  of  ice  cream.  That  we 
should  become  disturbed!  We're  all  chuck  full  of  these 
things.  We've  carried  "em  around  so  long  that  the  wildest 
"bac."  eats  out  of  our  hand.  Some  of  you  single  chaps, 
though,  might  use  the  things  as  an  argument  when  your  best 
girl   has  you   headed   for   the   village  ice-cream   parlor. 

"President  Wilson  would  do  well  to  train  a  few  stationary 
engineers  for  his  diplomatic  posts  abroad,"  writes  T.  F.  White, 
over  to  Texas  way.  T.  F.  thinks  that  the  s.  eb's  experience  in 
managing  subordinates  and  keeping  persons  grata  with  his 
bosses  should  ultimately  fit  him  to  cope  with  all  quest''  ns  of 
wars,  stratagems  and   the  unspeakable  Turk. 


.><TOP.    LOOK,   liISTEX! 

By  Billy  Spills 

Our  well-intentioned  correspondents  are  hereby  warned 
that  this  spillway  will  soon  slop  over  if  It  continues  to  be 
crowded  by  items  on  hints  to  mothers,  physical  ailments  or 
patent  devices.  Y^our  Uncle  Spills  is  neither  a  diagnostician, 
a   patent-attorney,   an   encyclopedia,   nor — 

Here,  read   two  samples  of  this  stuff  for  yourself: 

Dear  Billy;  My  husband  thinks  our  baby  will  be  a  humor- 
ist when  he  grows  up,  as  every  little  while  he  (the  baby)  has 
a   pimple  on   his  nose.     Is  a  pimple  a  sign   of   humor? 

MRS.    BOYLE. 

Friend  Bill:  I'm  quitting  engineering.  Got  a  good  thing  if 
I  can  get  it  patented.  It's  a  collar-button  with  a  whistle  on 
It.  Am  sending  a  blueprint  so's  you  can  get  a  line  on  it. 
What  do  you  think  of  it?  Have  been  experimenting  with  a 
hollow   nut,   but   there's   nothing   In   it. 

JOHN   BUGG, 

Mrs.  Boyle's  husband's  baby's  pimple  is  sure  humorous. 
What  he'll  be  when  he  grows  up  Is  beyond  my  ken;  he  might 
get   rash   before   he  grows   up. 

As  for  John  Bugg's  whistling  collar-button,  and  hl.s  bhu'- 
print  with  a   line  on   It,  and   his  hollow  nut — 

Say,  John,  you  stick  to  engineoring  or  your  folks  will  have 
to  pay  your  board  In  a  psychopathic  ward  and  you'll  be  hear- 
ing that  collar-button  whistling  through  your  hollow  nut. 
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Gasoline  Explosion  in  Power  Plant 

By  L.  Claire  Hulbekt 

Ou  May  T  the  building  of  the  Lapeer  6as-Electic  Co.. 
of  Lapeer,  Mieh.,  was  destroyed  by  an  explosion  and  fire. 
As  the  firm  name  indicates  the  company  supplied  electric 
and  gas  service.  The  gas  was  made  from  gasoline  which 
was  stored  in  tanks  under  j^ressure. 

The  day  engineer,  who  was  alone  in  the  building  at  the 
time,  was  responsible  for  the  accident.  He  attempted 
to  empty  a  drum  of  high-gravity  gasoline  without  re- 
ducing the  pressure  to  atmospheric  before  removing  the 
stopper.  The  engineer's  clothes  were  saturated  with  the 
gasoline  and  tlio  room  was  immediately  filled  with  vapor. 


Tile  company  used  every  effort  toward  getting  tlie 
plant  iu  shape  and  were  able  to  furnish  light  to  their 
customers  on  Saturday.  May  10,  the  third  day  after  the 
accident. 


Power   Plant   with  a   5412-Foot    Head 

A  waler-|)o\M'r  scheme  of  5412-ft.  head  has  not,  here- 
tofore, Ijeen  heard  of,  but  has  been  considered  impractic- 
able in  technical  circles.  Mr.  Boucher,  of  Lausanne,  civi'. 
engineer,  aftei;  whose  plans  many  water-power  schemes, 
with  a  comparatively  high  head  have  been  already  carried 
out,  made  it  his  aim,  as  a  member  of  the  board  of  Ad- 
ministration of  the  Sociefe  d'Electro-Cliiniic.  of  Paris,  to 


EiG.   1.  PiiOTOGijArir    Takex    aiuh-t    1.")     JIix.    afti:!; 
ExTLosiox.    .Shoa\ixi;    |i\mai;e   to   Wale 


.1\  <\-  Airii;  Ivxi'Losiox^  OF  A  Drum 

OF   (iASOLINE 


Fig. 


EXGIX'E    EOOM    OX    TEIl     Moi!\IX(.    AEIIR    THE 

Fire 


Some  of  this  must  have  penetrated  through  the  fire  wall 
to  the  boiler  room  adjoining,  and  the  explosion  followed. 
The  entire  wall  of  the  gas  room  and  the  large  plate-glass 
window  of  the  office  were  blown  out  and  flames  filled 
the  building  from  end  to  end.  The  engineer's  clothes 
caught  fire  before  he  could  escape,  causing  burns  which 
resulted  in  his  death  a  few  hours  later. 

Several  drums  of  gasoline  exploded  as  the  fire  reached 
them.  The  bottom  of  one  tank  gave  way  and  it  ascended 
like  a  skyrocket  about  200  ft.  in  the  air.  It  landed  on 
the  sidewalk,  where  it  is  shown  in  the  middle  foreground 
of  Figs.  1  and  2.  Fig.  3  shows  the  engine  room  as  it 
appeared  after  the  fire,  and  Fig.  4  the  gas  room. 


Fig.  -1.  DicsTRfCTiox  ix  Gas  Eoom 

convert  the  water  power  of  the  Lake  of  Fully,  near  Mar- 
tigny,  in  Canton  Wallis,  Switzerland,  with  such  a  high 
head  as  hitherto  has  never  been  used,  namely,  5412  ft., 
into  electric  energy.  The  execution  of  this  project  has  in 
the  meantime  been  resolved  upon,  the  orders  for  the  nec- 
essary materials  placed  and  the  work  commenced. 

The  most  interesting  question  in  connection  with  this 
scheme  arose  when  deciding  in  what  manner  the  pipe  line 
should  be  constructed  in  order  to  withstand  a  pressure  of 
234.3  lb.  per  sq.in.  at  the  lower  end.  However,  a  most  sat- 
isfactory as  well  as  perfectly  simple  solution  was  found. 

The  pipe  line  in  a  length  of  about  23^  miles  consists 
of  pipes  with  inside  diameters  of  lOji  in.,  and  23%  in. 
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ami  thicknesses  of  from  ^V.^j  in-  ^o  1|5  iu-  The  pipes  of 
the  upper  section  will  he  of  the  well-known  water-gas, 
lii]i-welded  type,  whereas  those  of  the  lower  part  will  be 
seamless. 

The  15,000-hp.  turbines  will  be  built  Iiy  Piccard,  Pictet 
&  Co.,  Geneva,  the  constriiction  of  the  pipe  line  is  in  the 
hands  of  Thyssen  &  Co.  at  their  Muelheim-Ruhr  steel, 
'jlate  and  tube  works. 

Boiler  Explosion  Fatal 

At  noon,  Tuesday,  Apr.  32,  the  horizontal  tubular 
boiler  at  the  Thompson  brick  yard  and  sawmill,  Mt. 
J'leasaut,  Mich.,  exploded,  killing  three  men,  and  seriously 
injuring  several  other  persons.  William  Thompson,  owner 
of  the  mill  and  acting  engineer,  was  instantly  killed.  The 
damaged  mill  is  shown  in  Fig.  1.  The  boiler  was  about 
31)  years  old  and  was  formerly  operated  in  a  mill,  and 


it  is  said  that  the  bo'ler  had  long  been  in  an  unsafe 
condition  and  la.st  season  the  owner  installed  a  motor  sup- 
plied with  outside  current  to  run  the  brick  yard,  but  in- 
sisted on  running  the  boiler  for  the  sawmill  l)ecause  the 
sawdust  and  chips  furnished  cheap  fuel. 

It  is  reported  that  there  had  been  trouble  with  the 
feed  pump  the  day  before  the  explosion.  The  safety  valve 
started  to  blow  just  an  instant  before  the  explosion,  which 
would  indicate  that  overpressure  was  the  cause.  The 
boiler  had  received  its  share  of  patches,  two  of  which 
are  shown  in  Fig.  3.  Fig.  3  shows  the  damage  wrought 
by  the  explosion.    The  Ijoiler  was  of  the  lap-joint  type. 

Clearance  Measurement  by  Water 

The  following  manner  of  determining  the  clearance 
space  in  engines  is  recommended  by  the  American  Society 
of  j\lechanical  linginccrs. 


Fig.  1.  ExGixE  Rooii  after  the  Explcsiox 


Fig.  2.  Fkoxt  Head  axd  Dome 


Fi(i.  3    Another  A'iew  of  ihe  1).\.u.\ 


Mill 


Went  through  a  fire  when  the  mill  was  burned.  The  di- 
mensions of  the  lioiler  were  50  in.  by  14  ft.,  and  it  con- 
tained seventy  3-in.  tubes,  .several  of  which  liad  i)een 
leaking  and  were  plugged.  More  were  welded  with  ques- 
tionable success.  The  shell  was  of  %-iii.  iron  when  new, 
bill  it  had  corroded  so  badly  in  places  that  it  was  e.'c- 
"'dingly  thin.  The  force  of  the  explosion  was  toward 
icar,  and  the  tubes,  bent  and  twistccl,  were  scattered 
'  I  a  space  200x100  ft.  Tlie  dome,  a  part  of  the  shell 
and  the  front  head  were  llirown  300  ft.,  binding  as 
shown  in  Fig.  2. 


To  measure  the  clearance  by  actual  test,  the  engine  is 
carefully  .set  on  the  center,  with  the  piston  on  the  end 
where  I  he  measurement  is  to  be  taken.  Assuming,  for 
example,  a  Corliss  engine,  the  best  method  is  to  remove 
the  steam  valve,  so  as  to  have  access  to  the  whole  steam 
port,  and  then  fill  ii|)  the  clearance  space  with  water, 
which  is  pouri'd  into  the  open  ))ort  through  a  funnel.  The 
water  is  drawn  from  a  receptacle  containing  a  ipinntily 
]m'viously  measured.  When  the  whole  s))aee,  including 
the  porf.  is  coni|iletely  filled,  the  quantity  lefl  in  Ibc 
reccpfacle    is    measured     and     tlii'    dilferciKc'    show     the 
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amount  which  has  been  poured  in.  The  measurement  can 
be  easily  made  by  weighing  the  water  and  the  correspond- 
ing volume  determined  by  calculation,  making  proper  al- 
lowance for  its  temperature.  The  proportion  required  is 
the  volume  in  cubic  inches  thus  foimd,  divided  by  the  vol- 
ume of  the  piston  displacement,  also  in  cubic  inches,  and 
the  result  expressed  as  a  decimal.  In  the  test  care  should 
be  taken  that  no  air  is  retained  in  the  clearance  space 
when  it  is  filled  with  water. 

The  only  difficult}-  in  measuring  the  clearance  in  this 
way  is  that  occurring  when  the  exhaust  valves  and  piston 
are  not  tight,  and  the  water  poured  in,  flows  away  and  is 
lost.  If  the  leakage  is  serious,  no  satisfactory  measure- 
ment can  be  made,  and  it  is  better  to  depend  upon  the 
volume  calculated  from  the  drawing.  If  not  too  serious, 
however,  an  allowance  can  be  made  by  observing  the  length 
of  time  consumed  in  pouring  in  the  water ;  then,  after  a 
portion  of  the  water  has  leaked  out.  till  up  the  space 
again,  taking  the  time  and  measuring  the  quantity  thus 
added,  determining  in  this  way  the  rate  of  leakage.  Data 
will  thus  be  obtained  for  the  desired  correction. 

Repairs  to  a  Reinforced-Concrete 
Chimney 

An  interesting  description  of  rejjairs  to  a  reinforced- 
concrete  chimney  was  given  by  C.  E.  Smith  in  the  ilay 
8  issue  of  Engineering  Newi'. 

The  chimney,  built  in  1903,  is  160  ft.  high.  The 
lower  60  ft.  is  composed  of  a  double  shell  and  the 
upper  100  ft.  of  a  single  shell,  the  entire  chimney  being 
reinforced  horizontally  and  vertically  by  mild-steel  T- 
bars.  The  horizontal  bars  are  lxlx%-in.  bent  circular 
and  the  vertical  bars  are  IVixl  14x14  in- 

The  inner  shell  of  the  lower  portion  is  4  in.  thick  and 
has  an  internal  diameter  of  5  ft.  It  is  reinforced  by  hori- 
zontal circular  T-bars  18  in.  apart  and  vertical  T-bars  16 
in.  apart.  The  outer  shell  of  the  lower  portion  is  sep- 
arated from  the  inner  shell  by  a  -l-in.  air  space.  The 
outer  shell  is  8  in.  thick  and  has  an  external  diameter  of 
7  ft.  8  in.  At  the  top  of  the  double-shell  section  of  the 
chimney  the  inner  and  outer  shells  merge,  vents  being 
left  in  the  inner  shell  for  purposes  of  expansion. 

Above  this  portion  extends  100  ft.  of  chimney  having 
a  single  shell  with  an  external  diameter  of  6  ft.,  the  thick- 
ness of  shell  being  6  in.  for  the  lower  -15  ft.,  5  in.  for  the 
next  30  ft.  and  4  in.  for  the  top  25  ft.  In  the  fall  of 
1912  it  was  noticed  that  during  severe  winds  the  chim- 
ney gave  out  a  grinding  sound  and  chunks  of  concrete 
fell  from  its  outer  surface,  creating  considerable  alarm 
among  the  employees  having  duties  near  the  base  of  the 
fctack. 

Close  inspection  from  the  iron  ladder  attached  to  one 
side  of  the  chimney  and  by  telescope  of  the  remainin;^ 
surface,  indicated  that  the  entire  upper  portion,  100  ft. 
high,  was  cracked  vertically  and  horizontally  into  a  large 
iit':mber  of  rectangular  slabs,  the  cracks  being  located 
along  the  lines  of  the  reinforcement  and  that  the  cracks 
■wotiid  soon  become-  so  large  as  to  permit  corroding  in- 
fluences to  -reach  the  thin  reinforcing  members,  which 
would  have  resulted  in  the  earlv  collapse  of  the  chimney. 

On  account  of  the  fact  that  the  plant  is  almost  con- 
tinually busy,  it  was  decided  to  make  repairs  without  tak- 
ing the  chimney  out  of  service. 


The  upper  edge  of  the  chimney  had  deteriorated  so 
badly  and  the  concrete  there  was  so  shattered  and  loos- 
ened that  it  was  considered  unsafe  to  suspend  a  swinging 
platform  from  the  top,  so  a  temporary  timber  staging 
resting  on  the  ground  was  erected  around  the  chimney, 
reaching  to  the  top,  and  bracing  was  so  arranged  that 
platforms  could  be  placed  at  intervals  of  about  6  ft.  From 
these  platforms  a  very  careful  examination  of  the  entire 
chimney  was  made. 

It  was  found  that  the  cracks  were  much  larger  and 
more  open,  and  the  chimney  in  much  worse  condition 
than  was  indicated  by  the  preliminary  examination.  In 
many  places  the  reinforcement  was  entirely  exposed  and 
had  already  deteriorated  considerably  by  corrosion.  It 
was  decided  to  cover  the  entire  100-ft.  upper  portion 
with  a  reinforced-concrete  shell  3  in.  thick,  and  repairs 
were  started  immediately. 

Before  placing  the  reinforced-concrete  shell  all  loose 
concrete  that  could  be  readily  dislodged  by  a  hand  ham- 
mer was  removed,  the  cracks  and  exposed  reinforcement 
were  brushed  clean  and  all  openings  and  cracks  filled  with 
grout.  Deformed  rods  %  in.  in  diameter  were  placed 
vertically  6  in.  apart  entirely  around  the  chimney,  the 
lower  ends  of  these  rods  being  set  and  grouted  in  holes 
drilled  in  the  outer  shell  of  tlie  lower  portion  of  the 
chimney.  Deformed  bars  %  in.  in  diameter  were  also 
bent  around  the  chimney  to  form  a  spiral  from  top  to 
bottom  with  6-in.  pitch.  The  rods  were  placed  as  nearly 
as  possible  fi^  iu.  from  the  outer  surface  of  the  chimney. 

Four  steel  forms  were  used.  Each  lift  consisted  of  two 
half-cylinders  of  Xo.  10  steel  plates  3  ft.  high  stiffened 
to])  and  bottom  and  at  the  ends  by  small  angle  iron  in 
which  bolts  were  placed  to  hold  the  sections  together.  The 
inside  diameter  of  the  forms  when  set  up  was  6  ft.  6  in. 

The  concrete  was  mixed  "dry,"  to  permit  early  removal 
of  the  forms,  and  was  thoroughly  tamped  in  place.  Most 
of  the  concrete  was  placed  when  the  temperature  was 
slightly  below  freezing,  but  no  precautions  were  taken  to 
prevent  freezing.  As  the  chimney  was  in  use  throughout 
the  work,  having  an  external  temperature  of  about  80 
deg.  F.,  the  new  concrete  set  rapidly  and  permitted  the 
removal  of  the  forms  after  24  hr.,  which  permitted  the 
placing  of  about  12  ft.  in  height  each  day.  The  job  cost 
about  $2500. 


Multiport  Exhaust-Outlet  Valve 

A  chart,  showing  the  internal  construction  of  the 
Cochrane  multiport  safety  exhau.«t-outlet  valve,  has  just 
been  issued.  The  device  can  be  used  either  as  a  back- 
pressure valve  for  exhaust-steam  heating  or  drying  sys- 
tems, or  as  an  atmospheric  relief  valve  in  connection  with 
vacuum  condensers.  The  distinguishing  feature  of  this 
valve,  which  is  made  by  the  Harrison  Safety  Boiler 
Works,  Seventeenth  and  Clearfield  Sts.,  Philadelphia, 
Penn.,  is  that  instead  of  a  large  disk,  there  are  a  number 
of  small  disks,  each  held  to  its  seat  by  an  independent 
spring. 

The  tension  upon  the  springs  is  adjusted  by  a  movable 
pressure  plate,  the  motion  of  which  is  limited  to  prevent 
overloading.  The  adjustment  of  the  pressure  plate  can 
be  accomplished  by  a  handwheel  on  the  outside  of  the 
easing,  or  may  be  controlled  from  a  distance  by  rods, 
chains,  electric  motors,  hydraulic  pressure,  etc. 
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Bucause  of  tlie  liglitiicss  Mini  sniiill  triivcl  of  the  sep- 
arate disks  the  valve  o[)('ratc's  (|iiictly  and  a  measure  of 
safety  is  secured  by  haxiii},'  a  iniinlier  of  disks  instead  of 
but  oue. 


The  New  Allis-Chalmers  Co. 

On  Apr.  16  thf  Allis-Chalmers  Manufacturing  Co.  took  over 
the  properties  and  entire  operation  of  the  business  of  the 
Allis-Chalmers  Co.,  which  has  been  in  the  hands  of  a  re- 
ceiver. This  change  marks  the  end  of  the  receivership  and 
the  commencement  of  the  administration  of  the  new  company. 

From  Apr.  16  all  business  will  be  conducted  by  the  AUis- 
Chalmers  Manufacturing  Co.,  which  starts  out  under  promis- 
ing conditions.  It  will  operate  all  departments  as  conducted 
by  its  predecessor  and  will  carry  out  all  contracts  on  hand 
and  has  no  bonded  indebtedness  nor  liabilities.  In  addition 
to  all  assets  of  the  former  company,  the  ne'w  one  has  over 
$4,000,000  additional  cash  for  new  working  capital,  raised 
through   the  recent  reorganization. 

The  new  company  will  continue  to  operate  the  large  West 
Allis  \\'orks  and  Reliance  Works  at  Milwaukee,  the  Chicago 
Works,  and  in  addition  will  control  the  operations  of  the 
liullock  Electric  Manufacturing  Co.,  Cincinnati.  Otto  H.  Falk, 
Slilwaukce,  who  for  the  past  year  has  been  receiver,  and 
under  whose  management  the  business  has  shown  marked 
improvement,  has  been  elected  president  of  the  new  company. 
The   general   offices  will   be  at  Milwaukee. 

All  the  properties  are  in  good  condition  and  the  inventories 
and  working  capital  on  a  sound  basis.  The  engineering  de- 
partments are  well  equipped  and  the  lines  of  product  turned 
out  are  of  the  highest  quality.  Under  these  conditions  it  is 
believed  that  with  the  presi'nt  careful  and  intelligent  man- 
agement  the   operations   will   show   substantial    profits. 


Nashville  Wants  a  Boiler  Works 

The  Nashville  Industrial  Bureau  has  gathered  statistics 
showing  that  there  are  more  than  300  boilers  bought  annually 
in  Nashville  for  enterprises  that  use  batteries  of  from  one  to 
six  boilers.  At  present  these  must  be  purchased  in  other  mar- 
kets, and  the  fact  that  other  towns  and  villages  within  100 
miles  use  many  boilers  and  that  materials  for  the  manufact- 
ure of  boilers  may  be  shipped  fiom  the  steel-  and  iron-pro- 
ducing fields  promptly  and  cheaply,  makes  Nashville  an  ideal 
spot  for  a   boiler   factory   of  large    proportions. 

The  state  of  Tennessee  is  noted  for  its  friendship  to  home 
manufactories  and  Tennessee-made  products,  says  the  Bureau, 
and  with  this  assurance  of  support,  a  big  factory  is  sure  to 
be  a  money-maker  from  the  start  is  the  unanimous  opinion  ot 
long-sighted  business  men  who  have  been  interviewed  on 
the  subject. 

The  industrial  bureau  courts  inquiry  from  anywhere,  and 
assures  anyone  interested  that  its  facts  are  authentic  and 
that  its  tip  that  here  is  a  splendid  opportunity  for  a  money- 
making  investment  are  worthy  of  consideration.  The  bureau 
will  gladly  furnish  further  information  to  persons  who  care 
to  investigate. 

The  field  is  not  only  a  fim-  one  already  for  such  an  indus- 
try, concludes  the  statement,  but  is  becoming  more  so  each 
year.  New  enterprises  using  steam  are  springing  up  at  in- 
tervals, and  will  continue  to  come  here,  for  Nashville  is 
rapidly  adding  to  her  greatness  as  a  manufacturing  center. 


School  Notes 


During  the  Karter  holidays  a  party  of  about  forty  elec- 
trical engineering  students  of  Sibley  College,  Cornell  Uni- 
-verBity,  took  a  short  three-day  Inspection  trip,  Thursday 
Friday  and  Saturday,  Apr.  3,  4  and  5.  The  first  day  was 
spent  In  the  General  Electric  Company's  plant  at  Schenec- 
tady, the  second  In  its  plant  at  Plltsflild,  and  the  third  in 
New  York  City.  At  Schenectady,  betwei-n  seeing  the  sights 
In  the  morning  and  afternoon,  the  students  were  the  guests 
of  the  company  at  luncheon,  where  the  visit  was  made  pleas- 
ant by  making  and  renewing  acqualntani-e  with  many  Cornell 
alumni,  many  of  whom  are  recent  graduates.  The  itinerary 
of  the  trip  did  not  permit  staying  ovir  In  Schenectady,  so 
the   men  left  early  for  Albany  and   thenc.'   for  PIttsfleld. 

Thi-  next  day  they  were  the  guests  of  the  CJenoral  Elec- 
tric Company's  officers  In   the   I'lttsfleld   plant.      Here   a   regu- 


lar program  was  planned  by  the  company's  men.  The  morn- 
ing session  was  started  with  a  meeting  called  to  order  by 
Mr.  Toby,  who  introduced  the  various  speakers.  Mr.  Insull, 
assistant  general  manager  of  works,  whose  son  is  an  under- 
graduate in  Sibley,  and  Mr.  Toby  gave  short  addresses  of 
welcome,  after  which  representatives  from  five  of  the  de- 
partments gave  short  explanations  of  the  work  in  them. 
These  departments  were  then  visited,  after  which  a  buffet 
lunch  was  served  in  the  company's  new  club  house.  Follow- 
ing another  meeting,  during  which  the  work  in  the  other  de- 
partments was  explained,  the  rest  of  the  plant  was  visited. 
These  introductory  talks  added  much  to  the  understanding  of 
the  work  being  done.  In  the  shops  the  spot  welding,  oxy- 
acetylene  welding  and  cutting,  and  high-tension  testing 
demonstrations    were    especially    interesting. 

The  next  day,  Saturday,  in  New  York  the  men  visited  the 
power  plants  of  the  Interboro  Rapid  Transit  Co.  on  Fifty- 
Ninth  St.  the  Edison  Waterside  stations  and  one  of  the  rail- 
way substations.  The  party  then  broki-  up  and  the  men 
proceeded   to   their   homes  or   on   individual   sight-seeing  trips. 


NEW     PUBLICATIONS 


GAS  POWER.  By  C.  F.  Hirshfeld  and  T.  C.  Ulbricht,  respec- 
tively professor  and  instructor  of  power  engineering. 
Sibley  College.  Cornell  University.  Published  bv  John 
Wiley  &  Sons.  New  York.  1913.  Cloth,  5x8  in.:  209  pages, 
illustrated.      Price    $1.25    net. 

In  this  little  book  the  authors  have  undertaken  the  diffi- 
cult task  of  presenting  the  subject  of  gas  power  in  non- 
technical language,  their  aim  being  to  meet  the  needs  of 
the  manual  training,  student  and  others  who  have  not  had 
the  necesary  technical  training  to  comprehend  the  majority 
of  works  on  internal  combustion  motors.  Of  course,  it  has 
been  necessary  to  omit  many  of  the  theoretical  considera- 
tions entering  into  the  problems  of  design  and  the  book  is  in 
no  sense  a  complete  treatise.  Nevertheless,  it  should  afford 
the    reader    a   very   good   general    idea    of   the    subject. 

Briefiy,  the  items  covered  are  fuels,  the  development  of 
internal  combustion  engines,  the  four-  and  two-stroke 
cycles,  methods  of  cooling,  governing,  ignition  systems,  car- 
buretors, gas  producers,  types  of  gas.  gasoline  and  oil  en- 
gines, the  rating  of  Internal  combustion  engines  and  their 
performance. 

Representative  apparatus  of  each  type  is  described  and 
the    illustrations    are    well    chosen. 

STEAM  BOILERS.  By  Cecil  H.  Peabody  and  Edward  F.  Mil- 
ler. Third  edition  revised  and  enlarged.  New  York. 
John  Wiley  &  Sons.  Pp.  543  6xU-in.:  illustrated:  cloth. 
Price,    $4. 

The  authors,  professors  of  naval  ai-chitectur.-  and  ma- 
rine engineering  and  of  steam  engineering,  respectively,  of 
the  Massachusetts  Institute  of  Technolog.v,  are  well  recog- 
nized authorities  upon  the  subject  of  steam  boilers,  and  their 
book,  which  made  its  first  appearance  in  1S97,  soon  took  a 
foremost  place  in  the  literature  of  the  subject.  In  the  third 
edition,  which  has  just  appeared,  the  subjects  of  mechanical 
stokers,  economizers  and  steam  piping  have  been  treated  at 
considerable  length,  and  the  use  anil  calculation  of  induced 
draft  tans  quite  fully  explained.  Much  new  material  on 
chimney  draft,  the  result  of  work  extending  over  a  period  of 
years,  has  been  added,  as  has  also  a  chapter  on  Coal  Hand- 
ling and  Coal  Handling  Machinery.  The  chapter  on  Com- 
bustion has  been  extended  to  cover  oil  burning  and  to  include 
the  most  recent  anal.vses  of  .American  coals,  together  with  a 
detailed  description  of  coal  calorimetry.  as  applied  to  the  de- 
termination of  the  heating  value  of  coal  purchased  on  a  heat 
unit  basis.  The  chapters  on  Sta.ving.  Riveted  Joints  and 
Boiler  Testing  have  been  extended:  in  fact,  hardly  a  chapter 
In  the  book  has  not  been  amplified  to  some  extent,  and  the 
number  of  Illustrations  has   been   nearly  doubled. 


Matheson    Joint    Pipe 

The  National  Tube  Co..  Pittsburgh.  I'enn.,  has  Issued  an 
attractive  booklet  under  the  above  title.  It  deals  with  the 
manufacturing  advantages  and  use  of  the  Matheson  joint  pipe, 
which  Is  suitable  for  use  In  mines,  water-works.  Irrigation 
systems,  hydro-electric  plants,  compressed  air  or  gas  trans- 
mission lines,  or  wherever  a  load  joint  Is  suitable  with  pipe 
lines  ranging  from  2  to  30  In.  In  diameter.  The  booklet  con- 
tains 4"  irges  and  brings  out  a  number  of  new  features  not 
published   In    the    first   edition. 
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Kentucky  N.  A.  S.  E.  Convention 


The  Ili-sl  of  the  Middle  West  state  conventions  of  the  Na- 
tional Association  of  Stationary  Engineers,  was  held  in  Hop- 
kinsville.  Ky..  on  May  7,  S  and  9,  this  being  Kentucky's 
eleventh    annual    convention. 

The  exhibit  at  the  Armory  was  opened  at  S  p.m.,  Wednes- 
day, and  an  address  of  welcome  made  by  W.  A.  Wilgus.  H.  R. 
Anness.  chairman  of  the  executive  committee  of  the  Central 
States  Exhibitors'  Association,  responded  in  the  absence  of 
President    W.    L.    Osborne. 

The  preliminary  session  was  opened  at  10  a.m.,  Thursday, 
by  State  President  J.  L.  Shrode,  who,  after  the  invocation  by 
the  Rev.  A.  R.  Kasey,  introduced  Mayor  Meacham  to  wel- 
come the  delegates  and  visitors.  National  Secretary  Ryan 
made  the   response. 

The  afternoon  session  was  devoted  to  committee  reports 
and    routine    business. 

In  the  evening  Frederick  L.  Ray  gave  an  illustrated  lec- 
ture on  "Gas  Engines"  at  the  Avalon,  after  which  the  ex- 
hibits   of    the    supply    houses    were    inspected. 

At  the  election  on  Friday  morning  the  following  were 
chosen  for  office  for  the  coming  year:  C.  Carroll.  Louisville, 
president:  George  J.  Jake,  Hopkinsville,  vice-president;  A.  J. 
Pohl,  Louisville,  secretary;  Edward  Kochenraih,  Louisville, 
treasurer:  R.  A.  Quinn,  Henderson,  conductor;  W.  L.  Franks, 
Owensboro.  doorkeeper;   J.  L.  Shrode.  state  deputy. 

After    the    installation    the    delegates    and    guests    went    to 
Campbell's  Cave,   where  a  barbecue  was  held   until  5   p.m.     In 
the  evening,  a  reunion  took  place  at  the  Elks  Club, 
acquaintances  were   revived  and   new   ones  formed. 

The  next  -.nnual  convention  will  be  held  in  Louisville. 
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SOCIETY     NOTES 


The  lirst  annual  dinner  and  entertainment  of  the  New  Eng- 
land Association  of  Commercial  Engineers  was  held  on  the 
evening  of  May  17,  at  the  Revere  House,  Boston.  Among  the 
guests  were  the  mayor  of  Boston,  John  F.  Fitzgerald,  and 
^Valter  G.  Diman,  mechanical  engineer.  Manchester  N.  H. 
President  Albert  C.    Ashton    was   the   toastmaster. 


PERSONALS 


ral 


vas  chief  engineer  for 
sailed    for    Germany 


E.  G.  Lender,  who  for 
the    Prudential    Insurance    Co.. 
recently. 

S.  M.  Reid,  formerly  chief  engineer  for  the  Rothschild 
Realty  Co.,  at  98  Fifth  Ave.,  New  York  City,  has  resigned  to 
accept  the  position  of  chief  engineer  of  the  Continental  Paper 
Co.,  Bogota,  N.  J. 

Thomas  P.  Marshall,  after  20  years  of  service,  has  retired 
as  superintendent  of  the  operating  department  of  the  Toronto 
(Ont.)  Electric  Light  Co.,  Ltd.  In  token  of  the  esteem  with 
which  he  was  held  by  the  members  of  the  operating  depart- 
ment  he  was  presented   a   leather   couch. 


OBITUARY 


DENNIS  KILLERLANE 
Dennis  Killerlane.  a  retired  engineer  and  boiler  maker, 
head  of  Killerlane  &  Ryder,  on  First  St.,  dios  on  Sunday,  May 
IN,  at  his  home,  983  Bergen  St.,  Brooklyn,  in  his  seventy-sixth 
year.  He  was  an  old  member  of  the  Maritime  Exchange  and 
v.-as  well  known  in  shipping  circles.  A  sister.  Miss  Mary 
Killerlane,  survives   him. 


When  the  Pennsylvania  R.R.  intended  to  change  its  speci- 
fications for  boiler  plate  many  years  ago,  it  was  stated  at 
the  Sixth  Congress  of  International  Association  for  Testing 
Materials  it  was  the  custom,  as  far  back  as  31  years  ago, 
that  from  all  worn-out  boilers  test  pieces  were  taken  and 
retested.  Original  duplicate  testpieces  from  the  new  sheets 
were  laid  away,  and  when  the  worn-out  firebox  sheets  were 
returned  to  the  testing  department  the  .original  duplicates 
were   searched   for   and    tested    in   comparison   with    the   worn- 


out  plate.  This  practice  was  carried  on  for  13  years,  and 
these  tests  invariably  have  shown;  (1)  That,  as  far  as  it  can 
be  traced,  the  effect  of  the  heat  on  the  boiler  sheet  reduced 
an.v  internal  stresses  due  to  the  rolling;  and  (2)  that  what- 
ever defects  are  found  could  almost  invariably  be  traced  to 
mechanical  defects  in  the  shop,  in  bending  in  flanging,  in 
riveting,  in  drifting  the  rivet  holes  cold,  and  these  effects  then 
made   their  appearance  by  and   through   overstrain. 


The  energetic  fight  being  made  for  new  business  by  the 
Quebec  Railway,  Light  &  Power  Co.  and  the  Dorchester  Elec- 
tric Co.,  of  Quebec,  is  reflected  in  the  reduction  of  rates  made 
by  the  former  company  from  15c.  to7c.  per  ?iw.-hr.  The  Dor- 
chester Electric  Co.  announces  its  intention  of  meeting  the 
cut  by  making  its  base  rate  for  energy  Gc.   per  kw.-hr. 


.VTLAXTIC    CO.VST    ST.VTKS 

The  Milo  Electric  Light  Co.  is  making  preliminary  ar- 
rangements for  the  installation  of  additional  equipment  in 
its  power  plant  at  Milo,  Maine.  Julian  d'Este,  Milo,  is  pur- 
chasing  agent. 

Arthus  W.  Dwyer  is  interested  in  the  installation  of  an 
electric  system  at  Paxton,   Mass. 

The  installation  of  additional  equipment  in  the  municipal 
electric-light  plant  at  East  Norwalk,  Conn.,  is  under  con- 
sideration.     P'red  H.  Bergen  is  superintendent  of  the  plant. 

IMans  are  being  prepared  by  the  Cohoes  Electric  Light 
Co.  for  the  construction  of  a  power  plant  on  the  Mohawk 
River,  near  Cohoes,  N.  Y.  Estimated  cost,  $1,000,00U.  Bids 
for  the  work  will  be  received  at  the  New  Y'oi'k  ortice  of  the 
company,   2   Rector   St. 

SOUTHERN    STATES 

Preliminary  arrangements  are  being  made  for  the  recon- 
struction of  the  municipal  electric-light  plant  and  water 
system  at  Orangeburg,  S.  C.     L.  H.  Wanamaker  is  city  clerk. 

Plans  are  being  considered  for  the  installation  of  addi- 
tional equipment  in  the  municipal  electric-light  plant  at 
Statesboro,  Ga.     D.  L.  Gould  is  manager  of  the. plant. 

Plans  are  being  considered  for  the  installation  of  new 
equipment  in  the  municipal  electric-light  plant  at  Waynes- 
boro,  Ga.      J.   C.   Andrews   is   superintendent   of   the   plant. 

Plans  are  being  considered  by  the  Leesburg  Ice  Co.,  Lees- 
burg,  Fla.,  for  the  installation  of  additional  equipmeiu  ui 
its  electric-light  plant  to  double  the  capacity.  J.  Y.  Clark 
is   president. 

The  proposition  to  issue  bonds  for  the  construction  of  a 
municipal  electric-light  plant  is  under  consideration  by  the 
citizens   of   Panama   City.    Fla. 

Plans  are  being  prepared  by  the  Vivian  Oil  Co.,  Vivian, 
La.,  for  the  construction  of  an  electric-light  plant  to  cost 
$in,oon. 

The  city  council  of  Monterey.  Tenn.,  has  granted  a  fran- 
chise to  J.  T.  Price  and  associates  for  the  construction  of  an 
electric-light    plant. 

The  Kentucky  Utilities  Co.  will  install  additional  equip- 
ment in  ita  ..ower  plant  at  Somerset,  Ky.  T.  J.  Spragle  is 
^er.eral    manager. 

CENTRAL  STATES 

At  an  election  to  be  held  soon  the  proposition  to  issue 
$110,000  in  bonds  for  the  construction  of  a  municipal  elec- 
tric-light plant  at  Barberton,  Ohio,  will  be  submitted  to  the 
voters.      W.    S.    Mitchell    is    mayor. 

Bids  will  be  received  by  W.  J.  Springborn,  director  of  pub- 
lic service,  Cleveland,  Ohio,  until  May  27,  for  furnishing  gen- 
erators and  converters  and  electric  traveling  cranes  for  the 
municipal    electric-light   plant. 

B.  F.  Hewitt,  consulting  engineer,  Jefferson,  Ohio,  is  pre- 
paring plans  for  the  construction  of  a  municipal  electric- 
light   plant  and   water  system  at  Cortland,   Ohio. 

The  Consumers'  Power  Co.  is  considering  plans  for  the 
improvement  and  extension  of  its  system  in  Cadillac,  Mich., 
and   vicinity.      W.   A.    Poote,    Jackson,    Mich.,    is    president. 

Plans  are  being  considered  for  the  purchase  of  additional 
equipment  for  the  municipal  electric-light  plant  at  Petoskey 
Mich.      J.   W.   Lovelace   is  manager   of  the   plant. 

The  Central  Illinois  Public  Service  Co.  has  purchased  the 
municipal  electric-light  plant  at  Girard,  111.  Plans  are  be- 
ing considered  by  the  new  ow'ners  for  the  improvement  of 
the  plant. 

AVEST    OP    THE    .MISSISSIPPI 

Mason  &  Mason  have  been  granted  a  franchise  to  con- 
struct and   operate  an  electric-light  plant  at  Alton,   Iowa. 

The  construction  of  a  municipal  electric-light  plant  at 
Russell,   Iowa,   is  under  consideration. 

The  citizens  of  Argonia,  Kan.,  will  soon  hold  an  election 
to  vote  on  the  proposition  to  issue  $25,000  in  bonds  for  the 
construction  of  a  municipal  electric-light  plant  and  water 
system.  Rollins  &  Westover,  Midland  Bldg.,  Kansas  City, 
Mo.,    are    consulting    engineers. 

The  proposition  to  issue  $11,000  in  bonds  for  the  construc- 
tion of  a  municipal  electric-light  plant  at  Howard.  Kan.,  is 
under  consideration. 
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Coal  and  Ash  Handling  at  Lake  Shore   Plant 


Bl     A.    1).    \\ILHA.\1S 


SYXOPSIS — In  the  Mar.  IS  and  Apr..  15  issues,  re- 
spectively, were  described  the  general  features  and  the 
rondensing  system  at  this  new  plant  of  the  Cleveland 
Electric  Illuminating  Co.  The  present  article,  dealing 
with  the  coal-  and  a-sh-handling  system,  brings  out  some 
new  departures  in  this  line  and  also  shows  thai  great 
care  has  been  taken  to  prevent  any  interference  in  the 
plant  operation  from  this  source. 

The  coal-handliug  plant  installed  at  the  Lake  Shore 
generating  plant,  at  Cleveland,  presents  a  departure  from 
previous  practice  in  similar  locations.  No  provision  has 
been  made  for  rtnining  railroad  cars  containing  coal  di- 
lectly  over  the  bunkers  and  a  very  large  storage  capacity 
has  been  provided  at  the  top  of  the  bluff.  The  capacity 
of  the  bunkers  over  the  boilers,  however,  has  been  made 


Storage  capacity  in  the  yard  is  provided  for  over  23,000 
tons  of  coal,  enough  to  run  the  plant  a  little  over  one 
month,  the  bunkers  over  the  boilers  will  hold  approxi- 
mately five  days'  supply,  and  in  an  emergency  sufficient 
coal  could  be  stored  to  operate  the  plant  several  months. 
The  storage  yard  is  covered  by  a  Brown  Hoist  gantry 
crane  (see  Fig.  1)  having  a  span  of  180  ft.,  and  a  37-ft. 
cantilever  extension  covers  two  tracks,  in  addition  to  the 
one  over  the  unloading  trough.  This  nuichine  is  equipped 
with  a  2-tou  clam-shell  bucket.  Ts'ormally,  coal  is  lifted 
from  the  unloading  trough  to  the  stock  pile  or  from  the 
stock  pile  to  hopper-bottom  cars,  which  are  shifted  to 
the  scale  and  track  hopper  for  supplying  the  boilers.  In 
this  work  the  crane  is  not  shifted  very  frequently  on  its 
runway;  hence  the  bridge  travel  of  200  ft.  ]X'r  min.  is 
operated   by  the   112-hp.   hoisting  motor.     Tiie    bucket- 


FiG.  1.     Gantry  Ckane  over  Storage  Yard 


sufficient  to  cover  any  temporary  breakdown  in  the  con- 
veying system.  This  arrangement  results  in  a  consider- 
able reduction  in  the  weight  of  the  boiler-room  steelwork. 
All  coal  is  delivered  in  cars  and  the  plant  is  so  ar- 
ranged that  train-load  shipments  can  be  cared  for  readily. 
Several  thousand  feet  of  track  room  are  provided  and 
these  tracks  are  so  laid  out  and  connected  that  a  number 
of  cars  may  be  unloaded  at  one  time.  A  31.50-cu.ft.  track 
hopper  with  grizzly  and  a  loO-ton  track  scales  are  ar- 
ranged so  that  coal  may  be  delivered  direct  from  cars  to 
the  conveyors  feeding  the  boiler-room  bunkers.  An  un- 
loading trough  540  ft.  long  runs  parallel  with  the  reserve 
coal-storage  pile  imder  the  gantry  crane,  which  gives 
room  to  dtimp  15  hopper-bottom  cars  at  one  time.  A 
shifting  locomotive  owned  by  the  company  renders  it  in- 
dependent of  those  vexatious  delays  in  handling  cars  in 
the  yard  which  result  from  dependence  upon  the  railroad 
for  such  service. 


hoisting  speed  is  200  ft.  per  min.  and  the  trolley  speed 
1000  ft.  per  min.,  the  latter  operated  by  a  52-hp.  motor. 
These  motors  run  on  230-volt,  three-phase,  60-cycle  cur- 
rent and  are  controlled  from  the  operator's  cabin. 

The  150-ton  track  scale,  Fig.  2,  over  the  receiving  hop- 
per is  so  located  that  all  coal  coming  into  the  plant,  either 
for  storage  or  immediate  consumption,  can  be  weighed. 
If  intended  for  the  bunkers,  the  coal  is  dumped  into  the 
track  hopper  from  which  it  passes  through  plunger  feed- 
ers to  Bartlett  &  Snow  four-roll  coal  crushers.  Fig.  3,  and 
thence  to  the  inclined  conveyor  belt,  elevating  it  to  the  up- 
per portion  of  the  boiler  room.  The  crushers  and  feeders 
are  installed  in  duplicate,  either  one  of  the  pair  being  of 
sufficient  capacity  to  cover  ordinary  demands.  A  bypass  for 
fine  coal  is  provided  so  that  the  crushers  will  not  be- 
come choked.  This  limits  their  service  to  the  crushing 
of  the  larger  lumps.  The  track  hopper  -and  crushers  are 
installed  in  a  ]Ht  at  the  top  of  the  bluff. 
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Fig.  2.  TisrcK  S(  ali;,.      Fmj.  3.    FoiTi-RoLL  rncsHEiis      Fid.  4.     Bklt  Convkyor.     Fks.  5.     Wi:i(iHi\(i   IIi 
I'ERS  IN  FisoNT  OF  Boilers.     Fio.  6.     riiAiN-ORATE  Stoker.      Fio.    7.      Aoitatixo    ;\Ii:i  ii  \ms.\i 
OF    Stoker.     Fk;.  H.    Skip   and  Asii-Storaoe  Bin. 
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A  30-in.  conveyor  belt  with  an  inr-lination  of  13  deg. 
raises  the  coal  from  below  the  crushers  to  a  conveyor 
gallery  on  the  south  side  of  the  boiler  room  and  dis- 
charges either  to  the  No.  1  bunker  conveyor  or  to  a  dis- 
tributing conveyor,  which  carries  the  coal  to  any  one  of 
the  other  bunker  conveyors.  The  bunker  conveyors  and 
the  distributing  conveyor  at  right  angles  with  them  are 
30-in.  belts ;  one  of  these  is  shown  in  Fig.  4.  The  tripper 
on  the  latter  is  hand  propelled  as  it  is  shifted  from 
bunker  to  bunker  only  as  it  becomes  necessary  to  supply 
coal  to  them.  The  trippers  on  the  bunker  conveyors  are 
of  the  traveling  type  with  reversing  stops  which  can  be 
set  to  limit  the  travel  of  the  tripper  to  that  portion  of 
the  bimker  in  which  it  is  desired  to  distribute  the  coal. 


Fig.  9.     Ash  Hoppers 

The  power  consumed  by  these  conveyors  is  given  by  their 
builders  as  follows: 


v-eyor.  13-degTee  slope.  302  ft . 


Loaded 
23.5 
36.0 
12.2 
9.8 


hour 
162 
277 
242 
217 


The  concrete-lined  bunkers  above  the  boiler-firing 
aisles,  provided  for  holding  a  few  days'  supply,  have  hop- 
per bottoms  and  gates  over  each  boiler.  The  west  bunker, 
No.  1,  serving  a  single  row  of  boilers,  has  a  capacity  of 
1000  tons,  and  the  other  bunkers  2000  tons  each,  the 
latter  serving  to  supply  two  rows  of  boilers.  This  gives 
an  immediate  supplj'  over  each  boiler  of  about  100  tons. 
From  the  bunker  the  coal  flows  by  gravity  into  a  weigh- 
ing hopper.  Fig.  5,  holding  5  tons,  from  the  bottom  of 
which  the  coal  flows  into  the  spreader  chute  leading  to 
the  stoker. 

The  Green  chain-grate  stokers  in  this  plant  have  been 
especially  designed  for  use  with  caking  or  semi-caking 
coals.  They  differ  from  the  usual  construction  in  hav- 
ing an  inclined  agitating  foreplate,  Fig.  6,  upon  which  ■ 
the  coal  flows  from  the  stoker  hopper.  This  foreplate 
consists  of  two  leaves,  the  lower  edge  of  the  upper  lap- 
ping the  lower  and  the  lower  edge  of  the  bottom  leaf 
resting  iipon  the  chain  grate.  These  two  leaves  have  a 
reciprocating  motion,  the  upper  moving  forward  as  the 
lower  is  drawn  back :  the  affitating  mechanism  is  shown  in 
Fig.  7.  The  igniting  arch  is  immediately  over  the  fore- 
])late  aJid  the  continual  agitation  of  the  fuel  bed  at  this 


point  prevents  caking  and  hastens  the  driving  oS  of  vola- 
tile combustibles,  which  are  drawn  forward  over  the  in- 
candescent bed  of  coal.  These  stokers  have  a  grate  area 
of  about  110  sq.ft.  each,  and  their  rate  of  grate  travel 
can  be  adjusted  to  suit  the  demand,  up  to  a  maximum 
travel  of  10  in.  per  min.  Tlie  rate  of  combustion  ranges 
from  a  normal  value  of  20  lb.  of  coal  per  square  foot 
per  hour  to  40  lb.  This  latter  rate,  however,  has  been 
exceeded  when  forcing  the  boilers,  the  maximum  under 
these  conditions  approximating  65  lb. 

There  are  two  hoppers  below  each  boiler.  The  rear 
one,  for  the  ashes,  of  ferroinclave  and  concrete,  below  the 
rear  6  ft.  of  the  grate,  has  a  double-hopper  bottom  and 
gates  for  discharging  the  ashes  into  an  electric  larry.  A 
plate-steel  hopper,  Fig.  9,  below  the  front  5  ft.  of  the 
stoker  has  a  spout  and  gate  that  discharges  between  th'' 
two  gates  of  the  ash  hopper.  This  steel  hopper  is  df 
signed  to  recover  the  partially  burnt  coal  that  falls 
through  the  grate. 

The  larry  for  the  a.shes  runs  on  tracks  laid  on  the  base- 
ment floor  below  each  row  of  boilers  and  connecting  with 
two  cross  tracks  close  to  the  south  side  of  the  plant,  rai- 
ning over  a  hopper  from  which  the  ashes  can  be  dis- 
charged into  a  skip  for  raising  them  to  an  ash-storage 
bin  located  at  the  top  of  the  bluff;  see  Fig.  8.  This  ash 
bin.  which  is  of  the  parabolic  suspension  type,  is  about 
200  ft.  south  of  the  plant  and  its  top  is  50  ft.  above  the 
tracks  at  the  top  of  the  bluff,  making  the  total  lift  of  the 


Connection  fo Stack.        3x Z^'x^'sf/ffener . 
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j  half  section  5h0w1ns  half  secpon  " 

conV(ECTion  to  smoke-stack     through  smoke-flue 
(LOOKIHQ   north) 
. 

Fig.  10.    Section'  through  Flue 

skips  about  135  ft.  Each  of  the  skips  is  of  200  eu.ft.  ca- 
pacity, and  the  skip  hoist  is  of  the  automatic  counter- 
balanced type,  the  cars  dumping  at  the  top  of  their  run. 
Electrically  operated  discharge  gates  are  provided  for 
loading  cars;  these  grates  are  fitted  with  steam-thawing 
nozzles  and  coils  for  use  in  cold  weather. 

The  boilers  are  of  the  Stirling  type  with  a  Foster  super- 
heater having  800  sq.ft.  of  heating  surface  located  in  the 
second  pass.  The  gases  of  combustion  are  drawn  forward 
over  the  bed  of  coals  on  the  stoker  under  a  combustion 
arch  and  through  special  baffling  designed  by  John  Wolff, 
steam  superintendent  of  the  Cleveland  Electric  Illuminat- 
ing Co.  The  boiler  uptakes  to  the  smoke  flues  are  short 
and  direct;   17.5  sq.ft.  of  area  for  each  boiler.     These 
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connect  with  the  main  smoke  flue  through  asliestos-packed 
slip  jcints.  The  main  smoke  flue  is  of  plate  steel  lined 
with  reinforced  concrete  on  the  top  and  sides  and  paved 
with  brick;  see  Fig.  10.  Two  iiues  connect  with  each 
chimney,  each  flue  carrying  the  gases  away  from  eight 
boilers  and  two  boiler  uptakes  enter  the  bottom  of  the 
stack. 

The  chimneys  are  of  steel  plate  lined  with  brick,  the 
shaft  being  216  ft.  high  and  18  ft.  6  in.  diameter  inside 
the  lining;  the  height  above  the  grates  is  246  ft.  Each 
chimney  is  designed  to  carry  off  the  gases  from  18  boilers. 
These  chimneys  are  supported  upon  heavy  girders  carried 
by  the  building  columns,  which  at  this  point  are  tower 
liraced  to  carry  the  wind  reactions  to  the  foundations. 
The  tops  of  these  chimneys  are  about  "370  ft.  above  lake 
level. 

Two  14  and  10.5  by  18  Hughes  duplex  ]nnnps  supply 
nuikeup  wuler  to  the  l)oiler-fced  line.     This  and  the  con- 
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The  steam  from  the  boilers  pas.ses  through  the  super- 
heaters, wiiich  are  designed  to  superheat  15,250  lb.  of 
steam  per  hour  at  215  lb.  pressure  to  100  deg.  F.  In 
actual  service  much  better  results  than  this  have  been  at- 
tained. The  pilot  orifice  of  a  General  Electric  indicating 
steam  meter  is  inserted  in  the  superheater  outlet  just  be- 
low the  nonreturn  stop  valve  and  gate  valve  in  the  boiler 
connection  to  the  steam  line. 

The  blowoff  outlets,  two  to  each  boiler,  pass  down 
through  the  floor  to  a  blowoff  header  to  which  they  make 
Y-connections.  No  blowoff  tank  is  provided,  the  water 
being  discliarged  directly  into  Lake  Erie. 

Cleveland  Railway  to  Purchase  Its 
Power 

The  purchase  of  street-railu  :iy  ])ower  has  been  under- 
taken by  the  Cleveland  (Ohio)  Ivy.  Co.,  which  is  giving  up 
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dcnsate  from  the  turbines  forms  the  boiler-water  supply. 
This  water  passes  through  six-pass  feed-water  heaters 
having  1200  sq.ft.  of  heating  surface  for  each  unit.  Each 
double  row  of  boilers  is  supplied  through  three  feed  lines, 
one  in  the  center  with  taps  to  both  rows  of  boilers.  A 
second  feed  line  runs  under  the  front  end  of  the  boilers 
in  each  row  and  serves  only  the  single  row.  Each  of  these 
lilies  is  metered  by  a  venturi  meter,  wliich  indicates  the 
rate  of  flow,  and  also  the  total  flow.  Taps  from  these 
j)ipes  enter  the  rear  drums  of  the  boilers  the  water  in 
each  case  passing  through  a  check  valve  and  a  gate  valve 
on  top  of  the  boilers.  This  duplex-feeding  system  is  de- 
signed to  avoid  any  possibility  of  interrupting  tlic  ser- 
vice from  a  boiler  through  trouble  with  the  feed  lines; 
the  layout  is  shown  in  Fig.  11. 


the  generation  of  its  own  electrical  energy.  It  is  under 
contract  now  to  ])urchase  11,000-volt,  three-phase,  60-cycle 
power  from  the  Cleveland  Electric  llhuninating  Co.  This 
will  be  supplied  to  four  substations  equipped  with  rotary 
converters  of  special  design,  and  storage  batteries.  The 
initial  equipment  of  these  stations  will  aggregate  15,500 
kw.  converter  capacity  with  a  possibility  of  increasing  this 
to  25,000  kw. 

Graphical  and  numerical  records  are  to  be  kept  by  the 
substation  employees,  and  forwarded  to  the  railway  com- 
])any's  jxiwcr  department  each  day  for  totalizing.  As  an 
aid  to  etiicient  operation  the  substation  records  will  also 
show  plotted  the  capacity  of  machines  running  at  each 
hour,  so  that  it  will  be  evident  what  approach  is  obtained 
to  full  load  on  the  equii)ment  in  service. 
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Training  Engineers  at  Yale 


J>\  Thomas  Wilson 


syyOP^IS — Methods  of  training  and  the  equipment  of 
Ike  laboratory.  A  tediny  floor  facilitates  the  exdiange  of 
i:iacliinefi,  and  an  interesting  feature  is  the  provision  for 
transporting  the  smaller  machines  and  apparatus  to  the 
rostrum  of  the  lecture  room. 

Within  the  hist  25  years,  the  development  iu  engineer- 
ing hks  been  rapid  and  far  reaching.  Xew  fields,  better 
methods  and  improved  machines  have  followed  each  other 
so  rapidly  that  it  has  become  diificult  to  keep  pace  with 
the  times.  In  training  students  to  enter  this  field,  a  cor- 
responding advance  has  been  required,  and  to  crowd  in  all 
the  information  and  training  required  in  the  brief  four 
vcars  allotted  to  a  course,  has  become  a  serious  problem, 
in  fact,  it  is  impossible  to  give  the  student  very  much  of 
the  information  necessary  to  an  engineer  of  today.  A 
thorough  grounding  in  fundamentals  and  engineering 
methods  of  analysis  rather  than  the  acquirement  of  a 
large  number  of  facts  appears  to  be  the  aim  of  modern 
schools. 

Nevertheless,  some  knowledge  of  modern  manufactur- 
inof,  new  types  of  machinery  and  methods  of  conducting 
tests  must  be  imparted.  It  has  been  the  policy  iu  col- 
leges of  engineering  and  technical  schools  to  equip  their 
laboratories  with  all  the  machinery  that  they  could  afford 
to  buy  or  induce  some  manufacturer  to  give  them.  These 
machines,  and  the  general  equipment,  were  permanently 
installed,  and  used  year  after  j'ear  by  the  students.  If 
there  was  space  for  additional  equipment  and  money  for 
its  purchase,  new  equipment  was  added.  It  is  easy  to  see 
that  much  of  the  equipment  must  soon  become  anti- 
quated, and  the  laboratory  filled  with  out-of-date  ma- 
chinerv.  The  wisdom  of  such  a  course  de))ends  somewhat 
on  t^eographical  location.  Where  the  student  ha.«  little 
or  no  opportunity  to  gain  previous  or  simultaneous  ex- 
perience in  the  vacation  period  with  engineering  practice, 
and  the  laboratory  is  far  removed  from  an  industrial 
center,  the  old  policy  is  perhaps  the  better  way.  Even  if 
the  machine  is  out  of  date,  the  experience  gained  in  run- 
ning or  testing  it  may  be  of  some  advantage  in  a  pro- 
fissional  career. 

In  Xew  England,  the  great  industrial  center  of  the 
country,  where  machines  of  all  kinds  and  of  the  latest 
types  are  readily  accessible  for  testing  or  inspection,  there 
is  not  so  much  need  for  a  laboratory  filled  with  perma- 
nent equipment.  Of  the  prominent  instructors  in  me- 
clianical  engineering  in  this  country.  Prof.  L.  P.  Brecken- 
ridge,  of  the  Sheffield  Scientific  School  of  Yale,  was  the 
first  to  break  away  from  the  older  plan,  and  arrange  a 
laboratory  which  would  always  have  equipment  of  the 
latest  design.  The  opportunity  came  when  he  was  called 
to  Tale  and  had  the  privilege  of  laying  out  in  1911  the 
JIason  Laboratory  of  Mechanical  Engineering.  One  of 
its  prominent  features  is  the  testing  floor,  on  which  ma- 
chines of  all  descriptions  can  be  readily  mounted  or  re- 
moved. A  few  standard  machines,  such  as  a  Corliss  en- 
gine and  a  steam-turbine  generating  unit,  used  for  light- 
ing the  building,  have  been  permanently  mounted,  but 
the  general  policy  is  to  arrange  for  a  loan  of  various 
types  of  machines  for  one  or  two  years.     They  are  then 


returned  to  the  maker  and  a  later  machine  of  the  same, 
or  perhaps  another  design,  takes  its  place.  With  a  test- 
ing floor  served  by  a  lU-ton  crane,  the  exchange  is  easy, 
and  the  students  get  the  benefit  of  a  variety.  In  addition 
to  the  many  types  of  engines,  pumps,  fans,  small  boilers, 
etc.,  automatic  machines  of  the  latest  design,  with  their 
variety  of  products,  are  brought  in  for  a  period  of  two 
weeks,  and  are  usually  accompanied  by  an  expert  demon- 
strator from  the  factory  where  the  machines  are  made. 
In  the  course  of  a  year,  there  is  opportunity  to  show  sev- 
eral machines  of  dilferent  types,  so  that  during  his  train- 
ing the  student  becomes  familiar  with  the  latest  and  best 
in  machinery. 

A  carefully  planned  three  weeks'  course  each  year  in 
shop  visiting  supplements  the  work.  The  students  get 
valuable  ideas  of  manufacturing  methods,  and  these  visits 
together  with  the  excellent  manual  training  now  given 
in  high  schools  in  the  East  and  their  work  in  vacations 
in  the  numerous  shops  in  New  England,  serve  the  pur- 
pose nearly,  if  not  (juite,  as  well  as  an  extended  course 
in  shop  training.  In  these  days  of  progress,  most  every- 
thing is  specialized,  and  it  would  be  impossible  to  giv' 
the  student  a  thorough  training  in  all  branches.  In  most 
cases  a  working  knowledge  of  the  line  he  is  to  follow 
must  be  gained  after  the  period  of  instruction. 

In  the  laboratory,  there  is  a  fairly  complete  equipment 
of  small,  self-contained  machines,  such  as  pumps,  gas 
engines,  small  high-speed  steam  engines,  a  suction  gas- 
producer  outfit,  testing  machines  of  the  Eiehle  and  Olseu 
types,  varying  in  capacitj'  from  50  to  200,000  lb.,  steam 
traps,  condensers,  a  Pelton  waterwheel,  a  TJehling  com- 
bined pyrometer  and  CO^  recorder,  heating  boilers,  a  ven- 
tilating fan,  tempering  coil.*,  and  the  like.  A  full  line  of 
scientific  instruments  and  facilities  for  testing  have  been 
provided,  to  test  the  machines  and  apparatus  in  tlie 
laboratory,  those  that  may  be  sent  in  for  tlie  purpose,  and 
for  power-plant  tests  of  all  kinds  carried  on  outside  the 
laboratory. 

A  feature  of  special  interest  is  the  provision  made  for 
taking  small  machines  from  the  testing  floor  to  the 
lecture  room.  They  are  first  picked  up  by  the  10-ton 
traveling  crane  serving  the  main  floor,  and  delivered  on 
the  gallery  platform  at  the  entrance  to  the  lecture  room 
on  the  second  floor.  From  here  a  2-ton  hand  crane  on  a 
trolley  rail  carries  the  machine  or  apparatus  onto  the 
rostrum,  where  it  is  placed  on  exhibition  or  taken  apart, 
as  desired.  Instead  of  the  sketch  or  lantern  slide  the 
actual  machine  is  often  at  hand  to  illustrate  a  lecture. 
The  advantages  of  such  a  plan  will  be  realized.  The 
lecture  room  itself  is  a  model  of  convenience.  Much  at- 
terstion  has  been  given  to  ventilation  and  lighting. 

The  general  arrangement  and  construction  of  the  build- 
ing was  made  plain  in  our  issue  of  Feb.  7,  1911,  so  that 
a  repetition  will  not  here  he  necessary.  The  purpose  of 
the  present  article  wa.=  to  outline  the  equipment  and  the 
methods  of  training,  and  while  doing  so,  it  will  interest 
many  to  learn  that  besides  training  the  undergraduate 
and  giving  excellent  opportunities  for  post-graduate  work, 
there  are  plans  forming  to  conduct  cooperative  industrial 
research  work,  such  as  is  carried  on  in  many  of  the  Ger- 
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Fig.  1.    Ma80n  Labokatoky  of  jMechanical  Engi- 
neering 


i'u:.  v;.     Ax  Old  Cuia.i^s  and  a  Xi:\v  Ti'iiiiY 
TuuBixE,  Both  K'ated  at  40  Hr. 


Fig.  3.     Poirrio.v  of  Testing  Fi.oou 


Fig.  -1.     OxH  of  the   Kif.hee  Ticstixg  jMaciuxios 
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man  teclmical  schools  as  well  as  iu  the  experiment  sta- 
tions of  varioxis  state  universities  in  this  country.  As  the 
laboratory  has  only  recently  been  completed,  not  much  as 
yet  has  been  accomplished  in  this  line.  At  present,  some 
■n-ork  is  being  done  on  the  domestic  fuel  problems  of  Xew 
England.  A  number  of  heating  boiler.s,  loaned  by  the 
makers,  have  been  fitted  up  for  testing  the  different  kinds 
of  fuel  and  economic  methods  of  burning.  Some  testing 
vrork  for  the  brass,  copper  and  alloy  interests  is  also  on 
foot,  and,  in  the  course  of  time,  it  is  expected  that  this 


phase  of  cooperative  testing  work  will  be  of  great  assist- 
ance to  engineering  and  industrial  interests  throughout 
New  England. 

The  recent  expansion  of  the  engineering  side  of  the 
work  of  the  Sheffield  Scientific  School  at  Yale  seems  to 
promise  some  interesting  and  valuable  developments. 
Science  and  engineering  must  more  and  more  help  each 
other.  Yale  is  located  in  the  midst  of  industries,  and  it 
would  be  only  natural  that  science,  engineering  and  in- 
dustries should  cooperate  to  the  advantage  of  each. 


A  German  Soot  and  Cinder  Arrester 


By  Otto  E.  Tral'tmann 


SYNOPSIS — A  water  spray  and  slag-cinder  filter  com- 
bination so  effective  that  no  hlactc  smoke,  soot  or  cinders 
are  emitted.  White  cloth  held  some  time  over  the  stack 
is  only  slightly  discolored. 

As  methods  of  abatment  of  the  smoke  nuisance  in  cities 
are  at  present  receiving  attention  it  is  of  interest  to  note 
what  means  have  been  employed  abroad.    One  of  the  most 


Lead-coaied sheet 
iron  siack 


Fig.  1.    Sectioxai  Elevatiox.    Germax  Soot  axd 

C'lXDEK  AkRESXER 

successful  foreign  installations  for  preventing  the  soot  and 
cinder  nuisance  is  in  operation  at  the  municipal  power 
plant  of  Pforzheim,  Badenia,  Germany.  Some  time  ago 
the  increasing  demand  for  electric  current  required  en- 


larging this  plant  and  erecting  a  new  stack  which,  out 
of  aesthetic  consideration  for  the  locality,  was  carried  up 
only  70  ft.  high.  This  made  mechanical  draft  necessary 
for  three  new  water-tube  boilers,  each  of  which  has  2375 
sq.ft.  of  heating  surface  and  65  sq.ft.  of  grate  surface 
in  chain  grates.  German  bitimiinous  coal  is  used  and  the 
plant  has  been  in  successful  operation  for  about  five  years, 
the  only  trouble  experienced  consisting  of  a  slight  fall  of 
condensed  steam  during  times  of  heavy  rainfall.  When 
the  boilers  are  first  started  the  stack  discharges  a  yellow 
cloud  of  steam,  but  the  color  soon  changes  to  white  as 
the  operation  of  the  plant  is  continued.  Pieces  of  white 
cloth  placed  over  the  outlet  of  the  stack  and  kept  there 
for  a  considerable  time  during  the  ordinary  running  of 
the  plant,  show  only  a  slightly  grayish  color  without  hav- 
ing gathered  any  particles  of  soot  or  cinder. 

Fig.  2  is  a  plan  showing  the  general  arrangement  of 
the  boiler  additions  referred  to  and  their  draft  connec- 
tions, and  Fig.  1  is  a  sectional  elevation  showing  the  in- 
duced-draft blowers,  stack  and  cinder  catcher.  Referring 
to  Fig.  3,  i?i,  B^  and  B.^,  are  the  boilers  with  smoke  con- 
nections C'l,  rv,  V^,  which  discharge  into  the  main  smoke 
chamber  F. 

The  exhaust  blower  D  receives  the  smoke  from  the  boil- 
ers by  a  short  breaching  connected  with  the  smoke  cham- 
ber and  forces  it  into  the  pipe  G,  Figs.  1  and  2,  from 
which  it  passes  into  the  main  receiving  chamber  of  the 
cinder  catcher.  Fig.  1,  which  has  a  cross-sectional  area 
of  about  twelve  times  that  of  the  stack.  This  receiving 
chamber  is  of  brick,  lined  on  the  sides  with  interchange- 
able lead-coated  sheet-iron  plates,  while  the  bottom  is 
covered  with  lead-coated  plates  which  slope  to  an  opening 
in  the  center  which  is  connected  to  the  sewer.  Near  the 
top  of  the  chamber  is  a  lead-coated  grating  A  for  support- 
ing a  bed  of  broken  cinder  slag,  and  above  the  slag  bed 
is  a  cluster  of  nozzles  EEE  for  spraying  water  as  the 
smoke  filters  throiagh  the  bed  of  slag.  A  similar  cluster 
of  nozzles  is  provided  a  little  higher  up  in  the  stack  at  E.^. 
The  slag  consists  of  boiler  clinker  gathered  from  the 
ashes  made  at  the  plant,  the  clinker  being  broken  up  to 
about  the  size  of  nut  coal  and  spread  over  the  grating, 
forming  a  filter  bed  13  to  16  in.  thick.  The  water  pres- 
sure is  made  just  sufficient  to  raise  the  water  to  the 
height  of  the  spray  nozzles  with  sufficient  pressure  at  the 
nozzles  to  properly  atomize  the  sprays. 

When  the  gases  from  the  boiler  furnaces  enter  the  re- 
ceiving chamber,  their  velocity  is  reduced,  owing  to  the 
enlargement  of  cross-sectional  area,  and  thev  part  with 
most  of  their  contained  solid  matter.     Then  thev  filter 
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through  the  slag  filter  bed  above  ami  any  remaiuiug 
solid  matter  held  in  suspension  is  washed  out  and  the 
gases  are  also  largely  deodorized.  The  stack  and  roof 
of  the  receiving  chamber,  and  all  iron  work  exposed  to 
the  corrosive  action  of  the  gases  are  either  protected  liy 
a  covering  of  sheet  lead  or  constructed  of  lead-coated  iron. 
The  above  table  is  compiled   from   a   report  of  tests 

DATA  OF  TESTS  OF  A  GERMAN 
Measurement  Points 
Boiler  in 
Operation  K  L  M  N  O  P 

B,,  n.Draft i  ...  .    .  ...  A  A 

'Pros ...  ...  1 

Temp 460  435  415  390  372  !22 

B,,  BjDraft i  .    ■  ...  .    .  A  A 

Prea ■  ■  ■  .  i  ■  -  - 

Temp 4S5  464  445  398  380  124 

B,         Draft 1  ...  ..  ■  A  A 

Pres ■    .  ■  s  ■  ■  . 

Temp 473  446  425  360  330  122 

Bj        Draft f  ...  ■    .  ...  A                h 

Pres .    .  -  H 

Temp 435  428  392  290  330  120 

B,        Draft H  ...  A  A 

Pres ...  ...  ...  A 

Temp 385  376  349  292  261  110 

B,,  B.Draft j  .  -  .  .  ...                0 

'Pres f  i  A                 n 

Temp 500  470  454  338  311  125 

iif  the  installation  made  l>y  JI.  'Werner,  superintendent 
of  the  station.  The  columns  headed  K,  L.  M,  N,  0,  P, 
Q,  R,  S  refer  to  draft,  pressure  and  temperatures  taken 
at  points  -n-hich  bear  the  same  letters  of  reference  in  the 
illustrations :  draft  and  pressure  are  quoted  in  inches  of 
water  and  tcni]H'i-n1  urcs  in  dcurrcs  Fahrriiheit.  The  speed 


Identifying  Pipes 

Uy  L.  B.  Lent 

The  writer  does  not  lemember  seeing  in  Power  any 
mention  of  the  admirable  practice  of  stenciling  the  vari- 
onu  lines  of  piping  about  a  power  plant  or  factory  instead 
of  painting  them  distinctive  colors. 

SOOT  AND  CINDER  ARRESTER 

Blower  Pounds  of 

Sprayinp  Water  Coal  Burned 

Q                  R                   S         R.p.m.       Hp.              per  Hour  per  Hour 
A                 A                ...            210            15             Stack  spray 

onlv  3000 

125  ...  ...  1000  gal. 

A  .  193            12             Stack  spray 
A                                                                                            onlv                      2800 

130               ...  ...                                                    1000  gal. 

A  ...                                             Stack  spray 

A                 .  .  .    .  217            19                    only                      3200 

126  ...  ...                                                1000  gal. 

0  ...  ^                                                 Stack  spray 

0  ...  ...  225           20                    onlv                      3500 

126  ...  ...                                                1000  gal. 

A  .  i                                            Stack  spray 

177  9  only  1700 

116  ...  ...                                                    1000  gal. 

0  ...  ]V                                                  Stack  and 

0  ...  ...  203            15            Filter  sprays              2930 

138  .  .  ...                                                    1800  gal. 

Much  has  been  said  about  painting  them  and  many 
colors  suggested.  To  me,  the  principal  objection  to  this 
system  is  that  one  must  carry  around  a  color  guide  or 
chart  in  order  to  identify  pipe  lines  unless  one's  memory 
is  better  than  mine.  A  simpler  and  better  way  is  to  letter 
each  pipe  at  frequent  intervals  and  also  mark  the  direc- 
tion of  flow  alongside  the  letters.  This  can  be  readily 
done  by  using  stencils.  Such  marking  may  be  illustrated 
as  follows : 


J'k;.  ■-'.     I'l-AN  OF  Boili:h.s.    German  Soot  and  Cin- 
der Akuester 

aiiil  ])ower  required  for  tlie  blower,  amount  of  s])raying 
water  used  i>er  hour  and  pounds  of  coal  burned  per  hour 
are  quoted  in  .separate  columns. 


mm  nmmiiK  mE/hM'=^ 
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pAtsiAiiLE  OF  Stencil  for  Identifying  Pipfs 

The  direction  of  Uie  arrow  shows  the  direction  of  flow 
in  each  ]iipe,  and  such  knowledge  is  often  as  important 
as  knowing  the  contents  oT  the  ])ipe.  The  markings  may 
be  25,  50  or  imi  ft.  ajiart.  according  tn  the  demand  uf 
circumstances. 

Boiler    Blow-Down   Recorder 

Hv  I'Air.  .V.  BANinci, 

The  writer  recently  visited  tlie  I'hoenixville,  I'cnn., 
shop  of  the  Heine  Safety  Boiler  Co.,  and  had  a  convensa- 
tion  regarding  blowing  down  of  boilers.  Some  interest- 
ing points  wliich  may  be  of  interest  to  your  readers  were 
ob.served. 

The  a<'companyiMg  cliart.  Fig.  1,  is  from  a  Crosby 
boiler-pressure  recorder  located  in  the  engine  room  of 
the  plant,  showing  about  105  lli.  average  steam  pressure 
during  the  working  period  of  tlie  day. 

\ear  the  outer  circumference  of  this  chart  is  a  series 
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of  dots,  one  for  every  hour.  These  dots  show  just  when 
the  mud  drum  of  a  boiler  was  blown  down.  Blowing  off 
the  mud  drum  frequently  for  short  periods,  instead  of 
periodic  blowing  for  long  periods,  is  less  wasteful  of  heat 
and  prevents  sludge  and  other  impurities  from  clogging 


Fig.  I.     Dots  Show  Whicx  Tin:  Boilei!  Was 
Blown  Down 

up  the  mud  drum  and  then  entering  the  boiler  tubes.  Al- 
though these  impurities  are  mostly  what  is  called  soft 
scale,  if  they  enter  the  boiler  and  combine  with  the  scale 
deposited  in  the  process  of  evaporation,  they  will  form  a 
hard  scale. 

While  frequent  cleaning  of  the  mud  drum  is  desirable, 
the  tendency  in  the  boiler  room  is  to  let  the  matter  go 
and  not  blow  do-mi  regularly.  An  automatic  device  for 
recording  the  time  when  a  boiler  is  blown  off  thus  gives 
the  engineer  a  check  on  the  fireman  and  insures  regular 
blowing  down  of  the  boilers.  The  home-made  apparatus 
for  giving  this  record,  a.s  used  in  the  Phoenixville  plant, 
is  shown  bv  Pis'.  2- 


Auxiliary  Pen 


Facs  of  Sfeam 
Pmssure  Chart 


Fic.  t.    Connections  of  Boit  i:i:  Blow-Dowx  Ee- 

COIiUEl! 

Between  the  bjowoff  connection  and  the  tank  into 
which  it  discharges,  there  is  connected  a  small  pipe  lead- 
ing into  the  engine  room  where  it  is  connected  to  a  de- 
vice which  closes  an  electrical  contact  whenever  the  blow- 


off  valve  is  open.  This  consists  of  a  cylinder  in  which 
tits  a  piston  working  against  a  spring.  When  the  blowotf 
valve  is  open,  the  pressure  acts  against  this  piston,  over- 
comes the  resistance  of  the  spring  and  closes  two  electrical 
contacts. 

This  causes  the  current  to  flow  through  an  electro- 
magnet, situated  just  abo\e  the  steam  gage  on  the  engine- 
room  gage  board.  The  electromagnet  in  turn  causes  an 
auxiliary  pen  to  press  against  the  steam  chart,  thus  mak- 
ing the  dots  at  the  exact  time  when  the  blowoff  was 
opened.  This  device  was  worked  out  by  engineer  James 
D.  Darrach. 

Vertical  Terry  Turbines   Developed 
and  Standardized 

A  cumplete  lint'  of  T'Try  vertical  turbines  of  from  5 
to  ()(Mi  h]i.  at  speeds  of  3Gt)0  to  500  r.p.m.  has  been  de- 
velo]ieil  and  standardized. 

Tliese  nuichines  can  be  dismantled  without  disturbing 
the  steam  connections,  and  except  for  the  smaller  sizes, 
where  air  the  parts  are  so  light  that  they  can  be  easily 
lifted,  the  casing  is  divided  on  the  vertical  axial  plane 
and  the  cover  or  half  casing  is  hinged. 

All  bearings  are  supplied  with  forced  lubrication  from 
an  oil  pump  on  the  main  shaft.  The  thrust  is  taken  by  a 
ball  bearing,  the  balls  of  which  are  in  oil  when  starting. 
A  constant  circulation  of  oil  through  the  bearing  while 
running  keeps  the  balls  and  raies  cool,  clean  and  free 
from  grit. 

The.se  turbines  are  compact,  of  light  weight  and  are 
of  the  single-stage  type,  with  shaft  extension  to  receive 
a  fau  or  connect  with  a  centrifugal-pump  shafting.  These 
turbines  are  manufactured  liy  the  Terry  Steam  Turbine 
Co.,  Hartford,  Conn. 

The  company  has  recently  put  on  the  market  a  new 
type  of  turbo-alternator,  known  as  the  ''Terry  type 
C.  H.  S.,"  to  operate  at  litii")  r.]i.m. 

Toledo  Pipe  Cutter 

This  tool  has  been  designed  to  cut  off  pipe  in  sizes 
ranging  from  21/^  in.  to  6  in.  The  cutting  is  done  by 
four  knives,  which  are  automatically  fed  by  star  feed. 
Two  of  these  knives  are  beveled  across  the  edge,  and  cut 
a  V-shape  section  in  the  pipe.  The  other  two  knives  are 
.square,  and  follow  in  the  V-shape  cut. 

The  tool  is  fastened  to  the  pipe  by  a  three-jawed  chuck, 
each  jaw  being  actuated  independently,  and  containing  a 
set  of  size  marks  so  the  tool  can  be  centered  on  the  pipe 
quickly.  The  knives  are  sent  down  to  the  surface  of  the 
pipe  by  turning  the  "stars"  by  hand,  until  each  knife 
in  succession  comes  in  contact  with  the  pipe.  The  tool 
is  driven  by  a  pinion  working  on  a  bevel  gear,  the  pinion 
lieing  operated  with  a  ratchet  handle. 

The  knives  are  straight  pieces  of  steel,  and  can  be 
readily  reground. 

The  tool  is  made  in  two  sections,  and  splits  in  two 
after  removing  four  capscrews.  This  permits  of  placing 
it  upon  any  pipe  line  before  a  joint  is  broken.  After 
placing  on  a  pipe,  the  two  sections  are  bolted  together, 
and  made  rigid  by  dowel  pins. 

This  tool  is  manufactured  by  the  Toledo  Pipe  Thread- 
ing Machine  Co..  Toledo,  Ohio. 
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Ideal  Armored  Pump  Valve 

The  material  from  which  this  valve  is  made  is  a  vege- 
table product  treated  by  a  process  that  is  intended  to 
reuder  it  nonsusceptible  to  the  etfect  of  steam,  oil,  am- 
monia, gasoline,  turpentine,  etc.  It  is  subjected  to  pres- 
sure, making  the  material  into  a  solid  and  practically  in- 
separable form.  The  seating  surface  of  the  valve  disk  is 
from  one  solid  piece  of  this  material. 

The  valve,  as  a  whole,  is  made  of  three  pieces,  an  outer 
casing  of  copper  or  brass,  secured  to  the  inner  casing  and 
valve  disk  by  four  screws.  The  smaller,  or  inner,  casing 
tits  in  a  recess  in  the  valve  proper  and  does  not  come  in 
contact  with  the  valve  scat. 

Should  the  inner  valve  face  around  the  valve  stud,  or 
the  outer  face  become  worn,  they  may  be  refaced  and 
made  as  good  as  new.  The  same  valve  answers  for  hot-  or 
cold-water  service  and  about  the  only  thing  it  will  not 
withstand  is  strong  acids.  This  valve  is  made  by  the  Lake 
Eric  Boiler  Compound  Co.,  193-i;)8  Chicago  St.,  Butfalo, 
X.  Y. 


Conditions  when  Estimating  the  Cost 
of  Power  Plants''' 

By  FitKDKifiiK  W.  (JAvf 

Those  who  make  estimates  realize  the  great  number  and 
\ariety  of  conditions  which  inilnence  their  selection  of 
costs  for  an  estimate  on  any  two  separate  but  similar 
contracts:  in  other  words,  the  influence  of  "local  condi- 
tions." It  is  not  intended  to  refer  to  any  particular  es- 
timate or  specific  case,  but  to  analyze  the  various  items 
which  make  up  the  whole  in  the  case  of  steam-power 
jdants  and  pumping  plants  only. 

A  great  many  engineers  are  called  on  to  submit  esti- 
mates before  accurate  or  sufficient  information  is  at  hand 
as  to  details  of  any  but  the  larger  and  principal  pieces  of 
apparatus.  Personally,  the  writer  lias  to  make  estimates 
even  before  any  drawings  or  specifications  are  available, 
or  even  before  the  preliminary  surveys  of  the  site  have 
been  made.  Many  of  these  estimates  cover  the  expendi- 
ture of  a  great  il(>al  of  money,  and  naturally  tiic  rcs])iin- 
sibility  is  in  prupdrtion  to  the  amount  of  money  that  is 
involved. 

In  some  cases  estimates  can.  of  course,  be  ibcrkcd 
against  co.st  analy.ses  of  similar  work  alreaily  done.  Local 
(onditions  in  new  work  require  that  figures  from  such 
i-ost  analyses  be  modified  to  suit  these  conditions.  How 
can  one  check  his  figures  and  have  any  assurance  of  their 
accuracy  ? 

Diagrams  compiled  from  data  which  cover  plants  from 
2000  to  40,00(1  kw.  capacity  show  that:  Engines  and 
foundations  constitute  from  :i'.i.6  to  61  per  cent,  of  the 
total  cqui])mcnt  cost;  an  average  of  r,0  per  cent.  Boil- 
ers, settings  and  foundations,  from  17.2.5  to  31.5  per 
cent.,  average  al'(nit  2.')  per  cent.  Piping,  complete,  from 
7  to  17  per  cent.,  average  abf)ut  1  1  per  cent.  Condensers 
complete  with  fotnidations  and  auxiliaries.  10  to  1.5  ])er 
cent.,  and  average  11  per  cent.  Circulating-water  system. 
4.5  to  8  per  cent.,  average  fi.5  per  cent.  Thus  in  these 
five  groups  is  a  minimum  of  72.3.5  per  cent,  of  all  ap- 
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paratus  items,  leaving  the  remainder,  27.G.5  per  cent.,  to 
be  divided  among  at  least  11  groups,  including  ■•mis- 
cellaneous." 

Boilers,  foundations  and  settings  can  be  estimated  close- 
ly, as  can  also  the  condensing  apparatus.  Engines,  foun- 
dations, piping  and  circulating-water  systems  present 
greater  difficulties,  relatively,  about  in  the  order  named. 
It  is  possible  to  estimate  as  close  as  3  per  cent,  on  l)oil- 
ers  installed ;  on  engines,  installed,  5  per  cent. ;  on  engine 
foundations,  10  per  cent. ;  on  circulating-water  systems,  15 
per  cent. ;  on  piping  systems,  20  per  cent. :  on  condensers, 
auxiliaries  and  foundations,  3  per  cent. 

Applying  these  percentages  of  error  to  the  minimum 
jiercentages  of  the  whole,  the  total  probable  error  on  72.35 
per  cent,  of  the  ajiparatus  is  as  follows: 

Per  cent. 

Boilers 17.2.5  X      3  =  I)  52   ( -|-  or  — ) 

Engines  33.60  X     U=2.01   (including  foundations) 

Piping 7.(X)  X   20  =  1.40 

Condensers  lO.OU  X     3  =  0.30 

Circ.  water  systi-..,  4   M  X  SI.')  =  0.08 

Tot.-ll 4.91 

Assume  tor  the  monieiil  that  the  total  cost  can  be  esti- 
mated as  closely  as  15  per  cent.,  which  percentage  or- 
dinarily includes  5  per  cent,  for  contingencies  and  errors. 
If  by  concentrating  attention  on  the  five  principal  groups 
one  can  come  as  clo.se  as  5  per  cent,  on  the  larger  items, 
and  this  is  possible,  then  there  is  a  leeway  of  about  -13.5 
per  cent,  on  the  remaining  items.  Certainly,  in  almost 
every  case  one  can  come  within  20  per  cent,  on  these 
items,  and  if  so,  the  total  estimate  is  within  8.5  per  cent., 
as  against  the  15  per  cent,  assumed. 

Herein  have  been  used  the  minimum  percentages  for 
the  principal  items.  In  some  cases  this  is  as  high  as  85 
per  cent.  If  this  is  analyzed  in  the  same  manner  as  for 
the  72.35  per  cent,  the  total  estimate  may  be  within  6.5 
per  cent. 

Buildings  for  this  apparatus  vary  from  6  to  Hi  ]ier  cent, 
of  equipment  costs,  an  average,  say,  of  10  per  cent.  Using 
unit  prices,  on  a  square-  and  cubic-foot  basis,  as  well  as 
for  hor.sepower  and  kilowatt  bases,  checking  each  against 
the  other,  will  probably  kee]i  the  error  within  10  to  15 
per  cent.,  a  jicrcentage  of  ]  or  1.5  on  the  total. 

Detroit  "300"  Grease  Lubricator 

This  lubricator  is  designed  to  feed  grease,  nonfiuid  oils, 
and  similar  lubricants  evenly,  economically  and  efficiently. 
The  heating  chamber  of  the  lubricator  is  of  sutticient  size 
to  reduce  the  lubricant  in  the  reservoir  to  a  licpiid  condi- 
tion when  steam  is  turned  on. 

Cold  drafts,  outside  exjiosurc  or  temperature  \ariations 
do  not  affect  the  operation  of  the  lubricator  and  the  oil 
or  grease  in  the  lubricator  is  maintained  in  a  fluid  condi- 
tion at  all  times  with  an  even  rate  of  f<'ed  and  fine  regu- 
lation. 

The  liibricaloi-  can  be  installc(l  ritlicr  with  bcitli  connec- 
tions between  the  l)()iler  and  the  throttle  or  else  with  the 
condensing  tube  above  the  throttle  and  the  delivery  or  sup- 
port arm  below  the  throttle.  To  permit  either  installa- 
tion, there  is  attached  to  each  lubricator  a  choke  to  i)e 
screwed  into  the  support  arm  in  case  the  connections  arc 
made  on  both  sides  of  tlie  throttle.  If  both  connections 
are  aiiove  the  throttle,  the  choke  is  not  required. 

This  lubricator  is  made  by  the  Detroit  Lubricator  Co.. 
Detroit,  Mich. 
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Meter  Test  Boards 

By  Vi.  C.  C.vssAii;) 

In  desiguiug  a  switchboard  for  meter  testing,  two  fea- 
tures must  be  given  consideration:  One  is  simplicity  and 
cheapness  in  first  cost,  and  the  other  is  convenience,  with 
tlie  resulting  cheapness  in  operation.  Of  these  two  fac- 
tors, the  latter  is  by  far  the  more  important,  especially 
as  the  testing  demand  increases.  However,  where  the 
meters  are  few  and  of  small  capacity,  a  simple  board  may 
be  found  advisaljje.     This  .type  will  be  considered  first. 


Fig.   1 


The  switchboard  proper  ( Fig.  1  )  is  sui)ported  about 
21/2  ft.  above  the  floor  by  an  iron  frame,  extending  for- 
ward at  this  point  to  support  a  wooden  work  table.  The 
meter  to  be  tested  is  hung  on  a  small  portable  frame  set 
lip  on  this  table. 

The  service  is  in  this  case  single-phase,  three-wire 
and  comes  up  from  below  to  a  main  line  switch  A, 
mounted  under  the  table,  and  which  serves  simply  to 
cut  out  the  board  when  not  in  use.  The  service  con- 
tinues to  B,  where  three  binding' posts  are  provided  for 
taps  from  the  meter  potential  circuits.  From  this  point 
on,  the  neutral  is  discontinued,  the  load  being  designed 
to  operate  on  220  volts.     At  T  is  a  pair  of  binding  posts 


for  coniu'cting  in  the  standard  instrument :  D  and  E  arc 
two  more  pairs  of  posts  provided  with  short-circuitim,'- 
switches;  F  is  a  switch  for  opening  ami  closing  the  cir- 
cuit, and  G  is  a.  bank  of  lamps. 

In  testing  two-wire  meters,  either  D  ox  E  may  be  used 
for  the  current  connection,  but  the  one  not  used  must 
be  short-circuited  by  its  switch  as  shown. 

Three-wire  meters  are  connected  at  both  D  and  E, 
the  two  field  coils  being  fed  by  the  opposite  sides  of  the 
system.  This  is  a  very  desirable  feature  and  one  that 
has  been  given  little  atteniion  in  switchboard  design.     It 


:  r      ;  T       i  T  G    ; 1        ;  i       j  :       ill 


Fi<,. 


lias  been  the  usual  practice,  in  testing  these  meters,  to 
connect  the  two  fields  directly  in  series  by  using  a  short 
wire  jumper.  The  fields  are  thus  brought  to  the  same 
polarity,  the  disadvantage  of  which  arrangement  is  ap- 
parent. The  potential  circuit  is  normally  tapped  from 
the  same  terminal  blocks  as  the  fields,  and  it  becomes 
necessary  vo  disconnect  one  of  these  fine  pressure  wires 
and  attach  it  to  a  temporary  tap  taken  from  the  other 
side  of  the  system.  With  the  arrangement  shown  in  Fig. 
1,  this  work  is  unnecessary,  the  load  being  in  circuit  be- 
tween the  fields,  just  as  is  the  case  when  the  meter  is  in 
service. 

Provision  is  also  made  in  this,  as  well  as  in  the  other 
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three  sketches,  for  hriuging  the  potential  tap  for  the 
armature  circuit  to  the  left  post  of  each  pair  of  binding 
posts,  as  the  service  is  supposed  to  be  on  the  left  iu  all 
these  cases  and  the  armature  tap  must  be  on  the  service 
side.  In  most  test  rooms  a  current  range  of  at  least  200 
amp.  is  occasionally  required.  A  large  capacity  may  be 
provided  by  artificially  loading  the  test  circuits  without 
actually  making  a  demand  on  the  outside  service  in  watts 
indicated. 

In   Fig.  2,  this  provision  is  made  for  increasing  the 
load  by  means  of  a  step-down  transformer  HI  having  a 


ous  loads  and  the  results  plotted,  or  a  talile  of  constants 
made  up. 

Figs.  3  and  -i  are  the  same,  with  the  four-blade  switch 
F  in  different  positions  to  make  it  simpler  to  trace  the 
circuits.  Here  is  an  advantage  that  was  lacking  in  Fig. 
2 — the  meter  fields  are  on  either  side  of  the  system,  and 
each  field  is  provided  with  armature  pressure,  ■whether 
it  is  directly  on  the  service  (Fig.  3),  or  on  one  of  the 
transformer  secondaries  (Fig.  4).  The  double  secondary 
Js  necessary  here,  of  course,  because  the  two  halves  must 
be  at  a  difference  of  potential  of  220  volts. 


Fi(i.  3 


latio  of  10  to  1.  With  the  switch  F  thrown  to  tiu'  right, 
the  arrangement  is  the  same  as  tliat  in  Fig.  1  with  no 
transformer  in  circuit,  with  the  load  between  the  two 
pairs  of  posts  D  and  E.  When  the  switch  is  thrown  to 
the  left,  however,  this  latter  advantage  is  lost — the  meter 
can  be  connected  only  at  D.  But  the  secondary,  //.  of 
the  transformer  is  now  in  local  circuit  with  the  niclcr, 
while  the  primary  /  is  fed  from  the  line  through  ('  and  E 
and  the  lamp  bank.  As  the  load  on  the  bank  is  increased, 
its  resistance  is  reduced,  thus  throwing  a  greater  differ- 
ence of  potential  across  /  and  consequently  across  IT. 
One  side  of  the  armature  potential  is  given  by  the  tie  be- 
tween the  primary  and  secondary  shown  just  above  the 
transformer,  and  the  other  tap  must  be  taken  off  inde- 
pendently at  B. 

It  mu.st  be  remembered  tiiat,  in  testing  meters  by  the 
use  of  a  transformer,  the  nameplate  ratio  is  not  to  be 
considered  constant.  The  standard  instrument  is  on  the 
primary  and  the  meter  under  test  on  the  secondary,  and 
their  exact  ratio  should  first  be  determined  under  vari- 


Thcsc  two  secondary  cinuits  arc  slmwii  in  Fig.  4  in 
heavy  lines  and  are  so  arranged  with  relation  to  tlie  i)ri- 
mary  and  to  each  other,  that  the  nu-ter  fields  will  mil 
oppose  eacli  other. 

That  part  of  tiu'  right-iiaiiil  circuit  lictwcen  ('  and  F 
is  common  to  both  jn-imary  and  secondary,  and  the  alter- 
ations are  momentarily  in  the  same  direction. 

In  the  third  pole  •/  of  the  four-])ole  switch,  a  siuirt 
jumper  ties  the  clip  and  base  of  the  blade  ])ermaiu'iiliy 
together  on  the  right  side  oidy.  but  tlie  blade  is  free  to 
swing  with  the  others. 

Xo  "'phase  splitting"  arraiigenicut  is  shown  as  it  is 
not  a  necessity  in  most  test  rooms.  It  may  be  very  sim- 
ply provided  by  running  in  additional  pressure  wires 
from  taps  on  the  service  transformers,  thus  displacing 
the  phase  angle  of  the  voltage  rather  than  that  of  the 
current.  The  primary  service  is,  therefore,  brought  up 
to  the  transformers  two  or  three  phase  as  the  case  nniy 
be,  while  the  secondary  service  (shown  in  the  drawings) 
is  single  phase,  as  stated. 
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First  American-Built  Marine   Diesel 
Engines 

The  first  aud  ouly  marine  Diesel  engines  to  be  built 
in  this  country  are  being  constructed  by  the  Xew  London 
Ship  &  Engine  Co.,  of  Groton,  Conn.  For  several  years 
this  firm  had  built  gasoline  engines  for  the  submarines  of 
the  United  States  Xavy,  but  took  up  the  construction  of 
Diesel  engines  about  two  vears  au'o.  when  the  Government 


aljout     1.-5     times     the     di.^placemeiit     of     the     working 
j)iston. 

In  the  ])osition  shown  the  i>iston  is  on  the  downward 
or  power  stroke,  the  ftiel  supply  having  been  cut  off  and 
expansion  of  the  gases  taking  place.  At  the  same  time  air 
is  being  drawn  into  the  scavenger  cylinder  through  the 
suction  valve.  When  the  top  of  the  working  piston 
reaches  the  upper  edge  of  the  exhaust  port,  the  gases 
licgin   tci   csrajx'   into   the   exhaust   pipe.      Siiortly   before 


Fig.  1.    Submarine  Tyim:  of  Exciixt: 


specified  this  type  of  motor  for  the  submarines  then 
authorized. 

The  engines  are  of  the  Xiirnberg  two-stroke-cycle  type, 
with  slight  modifications  to  meet  local  conditions.  As 
built  for  the  submarines,  they  are  of  the  light-weight, 
high-speed  type,  450  hp.,  six-cylinder,  11x121/2  i'l-j  ^^^^ 
run  at  4.50  r.p.m.  Fig.  1  shows  one  of  these  engines 
on  the  erecting  floor. 

Taking  up  this  t\'])e  somewhat  in  detail,  attention  is 
called  to  Fig.  2,  which  represents  a  section  through  one 
of  the  cylinders.  The  scavenger  piston  is  integral  with 
the  working  piston,  the  effective  area  of  the  former 
being  about  1.5  times  that  of  the  latter.  Since  they  have 
a  common  stroke  the  volume  of  free  scavenging  -air  is 


the  lower  dead  center  is  readied  the  scavenger  valve 
is  opened  by  the  cam  and  scavenging  air  enters  the 
cylinder  from  the  receiver,  where  it  has  been  stored 
during  the  previous,  stroke.  This  not  only  clears  the  cyl- 
inder of  burnt  gases,  but  also  furnishes  fresh  air  for  the 
compression  stroke.  The  scavenger  valve  remains  open 
imtil  the  exhaust  port  is  covered  on  the  upward  stroke. 

Considering  now  the  upward  stroke,  it  is  obvious  that 
compression  begins  in  the  working  cylinder  as  soon  as  the 
exhaust  port  is  covered.  At  the  same  time,  however, 
in  the  scavenger  cylinder,  the  suction  valve  (which  opens 
inward)  automatically  closes  and  the  discharge  valve 
(which  opens  outward)  opens.  Hence,  the  charge  of 
scavenging  air  is  forced  through  the  discharge  valve  and 
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into  the  soavenger  receiver,  where  it  is  held  \incler  pres- 
sure until  the  scavenger  valve  opens  on  the  uext  stroke. 
Compression  is  carried  in  the  working  cylinder  to  500 
lb.,  and  fuel  is  injected  through  the  spray  valve  a  few 
degrees  before  the  upper  dead  center,  and  is  continued 
for  about  one-tenth  the  power  stroke.  A  two-stage  eom- 
presor  driven  oif  the  main  shaft  (shown  at  the  right. 
Fig.  1)  supplies  air  at  about  1000  llj.  for  fuel  injection. 

Startixg  axd  Eevhrsim; 

Starting  and  reversing  are  elfeeted  by  compressed  air, 
normally  at  800  to  1000  lb.,  although  the  engine  will 
start  when  the  pressure  in  the  starting  flask  drops  as  low 
as   22.5  lb.     The   starting   valve   is   in   the   head  of   the 


Scavenasr 


starting  flask  to  the  balanced  relay  valve,  flowing  through 
the  pipe  A  to  the  ahead  and  the  backing-control  valves 
also  through  the  restricted  pasage  A"  and  the  pipe  B  to 
the  trip  valves. 

Assuming  that  the  engine  is  to  be  started  ahead,  the 
control  wheel  is  turned  to  the  right  and  through  a  worm 


iiiori;!!    ( 'vi.i  Niii;i! 


cylinilor,  just  liack  of  the  scavenging  valve,  Fig.  2.  A 
single  movenicnt  of  I  lie  control  lever  or  wheel  j)erforms 
the  operation  of  starting,  stopping,  reversing  and  chang- 
ing speed. 

The  air  starting  and  reversing  system  is   represented 
diauraniaticaJiy   in    Fig.    3.      Air    is   supplied    from    the 


Statioxaky  Horizontal  Type 


operates  the  arm  M.  This  first  presses  down  the  plunger 
Pj  of  the  trip  valve  and  allows  air  to  escape  through  the 
vent.  The  sudden  release  of  air  and  the  restricted  pas- 
sage X  produces  an  unbalanced  presure  in  the  relief  valve 
and  causes  this  to  open  against  the  spring,  admitting  air 
at  high  pressure  through  the  pipe  D  to  the  starting 
\alves  in  the  cylinder  heads.  These  valves,  however,  are 
balanced  and  for  the  present  remain  closed  under  pres- 
sure. 

Further  movement  of  the  arm  .1/  ]n'esses  down  the 
jilunger  P  of  the  aliead  control  valve.  This  admits  air 
through  the  pipe  E  to  the  distributing  valves  (one  ahead 
and  one  reverse  for  each  cylinder),  the  plungers  of  which 
are  in  contact  with  the  respective  cams  on  the  camshaft. 
This  provides  a  method  of  selection -whereby  only  that  dis- 
tributing valve,  corresponding  to  the  cylinder  which  has 
its  piston  at  the  proper  part  of  the  cycle  for  starting,  will 
open  and  admit  air  to  the  starting  valve.  This  produce^ 
an  unbalanced  pressure  in  the  starting  valve,  opens  it  and 
admits  the  bulk  of  the  air  from  tiie  pipe  1).  and  the  piston 
is  forced  down.  The  other  distributing  valves  are  opened 
in  turn,  admitting  air  to  the  other  cylinders. 

W'iicn  it  is  desired  to  start  the  engine  in  the  reverse 
direction,  the  wheel  or  control  lever  is  liirown  to  the 
left  and  through  the  link  N  oi)crates  tlie  astern  tri])  and 
control  valves,  the  operation  being  similar  to  tbn(  (h'- 
scribed  for  ahead,  except  that  the  astern  cams  and  dis- 
triiiuting  valves  are  now  brought  into  use. 

When  the  engine  is  running  ahead  and  it  is  to  lie  re- 
versed the  control  lever  in  being  brought  back  (o  the 
central  position  shuts  off  the  fuel  supply;  further  move- 
ment to  the  left  reverses  the  engiiu?  by  admitting  com- 
))ressed  air  as  stated  and  then  the  fuel  is  automatically 
turned  on.  A  brake  valve  shown  at  the  extreme  right 
automatically  relieves  the  pressure  in  all  the  working  cyl- 
inders before  the  engine  can  be  started  ahead  or  reversed. 
.\  forced-feed  system  of  lubrication  is  employed. 

The  light-weight  engines  of  this  class  designed  for 
naval  service,  weigh  from  50  to  fiO  lb.  per  hor.sei)ower. 
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inolurliiii;'  all  auxilinries,  ami  tlicii-  rue!  (■onsumpti<in  is 
about  0.5  lb.  per  b.hp.-br. 

For  merchant  service  these  engines  are  made  in  a  hea\y 
slow-speed  type,  the  weight  in  this  case  being  about  97 
lb.  per  hp.  and  the  speed  ranging  from  165  to  375  r.p.m., 
according  to  the  size.  The  fuel  consumption  of  these 
heavy  slow-speed  engines  is  slightly  less  than  that  of 
the  light  high-speed  type. 

Twenty-two  of  the  lighter  type  of  engines  are  either 
Tinder  construction  or  have  been  delivered  to  the  United 


Backing  Cam   Ahead  Cam 


liy  the  \'-slots  over  a  length  of  nearly  4  ft.  Iicfdrc  reach- 
ing the  final  outlet. 

Instead  of  silencing  the  exhaust,  the  tapered  pipe 
seemed  rather  to  act  as  a  megaphone. 

The  next  attempt  was  to  continue  the  4-in.  pipe  at  a 
smaller  diameter  inside  the  cast-iron  pipe,  perforating 
the  new  length  with  numerous  holes  of  an  aggregate  area 
considerably  greater  than  the  cross-sectional  area  of  the 
])ipe.  This  did  not  appear  to  have  the  slightest  effect 
and  since  it   was  nut  desirable  to  delay  matters,  the  ex- 
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States  Government,  and  four  are  nearly  completed  for  the 
Chilean  government.  Besides  this,  one  has  been  installed 
in  a  barge  for  the  Standard  Oil  Co.  and  another  in  the 
j"acht  "Idalia." 

The  New  I.,ondon  Ship  &  Engine  Co.  expect  shortly  lo 
extend  their  field  to  that  of  the  stationary  Diesel  engine, 
the  type  to  be  ])ut  out  being  shown  in  Fig.  4. 

Gas-Engine  Silencers 

The  most  ((unnion  niethud  of  silencing  The  exhaust  of 
a  gas  engine  appears  to  be  to  turn  the  exhaust  into  a 
box  whence  another  pipe  is  carried  to  a  pit  in  the  ground. 
This  is  often  filled  with  loose  stones  and  a  final  outlet 
to  the  atmosphere  must  be  provided  to  let  out  the  spent 
gas  which  otherwise  would  accumulate  in  pressure.  All 
these  coutrivances  produce  back  pressure  on  the  engine. 

Perhaps  too  few  of  us  record  our  failures  in  this  and 
other  matters.  Too  late  I  found  out  that  the  Germans 
liad  thought  out  the  same  idea  that  1  recently  put  into 
practice.  Wishing  to  silence  an  engine  and  reduce  the 
back  pressure  instead  of  augmenting  it,  the  2i/^-in.  ex- 
haust was  tapered  tip  to  3  in.  and  turned  at  a  fair  radius 
around  a  corner.  Then  it  tapered  up  to  4  in.  diameter  and 
entered  the  end  of  a  cast-iron  pi])e  which  tapered  again 
from  4  in.  up  to  7  in.  in  its  length  of  9  ft.  For  about  half 
the  length  of  this  pipe  a  V-slot  was  cast  in  each  side. 
The  ideas  embodied  were  that  the  gas  should  expand 
gradually  into  a  pipe  seven  or  eight  times  the  original 
area,  reducing  its  velocity  and  also  permitting  it  to  escape 


haust  pipe  was  cai-ricd  below  the  floor  and  into  the  con- 
ventional box  jilaced  in  a  large  brick  pit,  which  was 
vented  thi-ough  a  long  4-iii.  shallow  drain  to  a  ditch. 

It  has  not  yet  been  possible  to  try  a  new  idea  which 
the  foregoing  failure  sugircsted.  It  seemed  when  watch- 
ing and  iiliscixiiig  this  that  the  sound,  loud  as  it  was,  did 
not  travel  well  arniind  a  corner.  This  suggests  that  if 
the  exhaust  ((tuld  be  caiiied  to  a  In-ick  well  built,  if  nec- 
essary, above  ground  the  noise  of  the  exhaust  would  go 
skyward  and  would  lie  hardly  audible  at  any  distance 
laterally'.  Sonu'thiiig  less  resonant  than  cast  iron  would 
proliably  be  better.  A  cone  of  brickwork  stood  vertically 
111  a  pyramid  of  clay  might  serve. 

An  old  engineer  suggests  that  the  exhaust  should  im- 
pinge on  the  point  of  a  cone  supported  by  a  light  spiral 
spring  in  an  enlarged  chamber  as  near  as  possible  to  the 
engine.  The  work  of  the  gas  would,  he  declares,  be  ex- 
])ended  on  moving  the  eoiie  and  the  cone  would  spread 
the  gas  round  its  periphery  in  a  thin  annulus. 

There  is  very  little  noise  from  the  exhaust  of  a  motor 
car  when  the  cutout  is  closed.  These  have  an  effective 
system  but  possibly  considerable  back  pressure  is  at  the 
same  time  set  up.  A  favorite  motor-car  silencer  is  a  box 
three  or  four  times  the  diameter  of  the  exhaust  pipe  and 
containing  .several  perforated  division  plates  of  increas- 
ing fineness  in  series.  These  cut  up  currents  of  gas  until 
it  escapes  in  a  continuous  mass  of  fine  streams.  But  this 
is  merely  curing  by  obstruction  and  is  not  a  direct  method 
such  as  it  may  he  hoped  will  be  ultimately  discovered. 

London,  Eng.  Williaii  H.  Booth. 
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District  Steam   Heating  with  High- 
Pressure  Steam* 

Bv   Fifi:i)i;in(  K    W.    r>\i,i.  \ki) 

When  the  heating  of  small  or  moderate-sized  faetori 
is  under  consideration  wlieie  the  liuiidinss  to  be  heati 
are  within  a  radius  of  a  few  hundred  feel  from  the  power 
house,  and  where  the  size  of  the  ])ower  plant  is  under,  or 


pose.  Due  to  the  baokpressure  it  is  only  possible  to  secure 
one-half  or  even  less  than  one-half  the  power  from  a  non- 
condensing  engine  or  turbine  which  could  have  been  se- 
cured from  the  same  amount  of  steam  ;  and  this  fact  must 


;il  inn>t  not  mm  h  iii  e\re>s  of  10(10  k\v.  cainicily.  then 
It  is  more  economical  to  oi)erate  the  power  plant  with 
simple  iioncondensing  engines  and  use  the  exhaust  steam 
for  heating  purposes.  The  heating  ])lant  should  be  o]ier- 
ated  under  a  vacuum  system  and  the  back  pressure  on 
the  engines  maintained  at  practically  that  of  the  atmos- 
jihcre.  In  such  a  plant,  a  charge  for  the  heating  shoid 
be  made  to  the  departments  served,  and  a  corres])on(ling 
credit  given  to  the  power  plant  of  about  12c.  per  yr.  pei 
.«(l.ft.  of  radiation.  The  co.st  of  power  in  a  p 
this  kind  can  then  be  i-educed  to  about  1.5c.  per  kw.-hr. 
In  large  central  stations,  operating  large  condensing 
steam  turbines,  and  with  modern  highly  efficient  equip- 
ment throughout,  power  can  be  generated  for  Y^p.  per 
kw.-li;-..  or  even  less.     In  smli  installations  it  is  not  good 


not  be  lost  sight  of  when  considering  the  advantages  of  an 
exhaust-steam  low-pressure  heating  system. 

The  greatest  advantage  of  a   high-pressure  system   is 
the  much  lower  investment  re(|inreil  by  the  smaller  mains. 
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prait  lie  nor  i.<  it  eeonc)mieal  to  try  to  run  engines  or 
turbines  noneondcnsing  for  the  purpose  of  securing  cx- 
liiiust  steam  for  heating  purpose.*,  or  for  any  other  ]mr- 

•Abgtract   of   paper    read    before    the   Ohio   Society    of   Mc- 
cb:inlc-al.  Electrical  and  Steam   EnRlneers.  Sprlnpfield,   May  22. 


Anotbei-  advantage  is  the  lowei-  ]iercen1iige  of  heat  loss 
in  the  mains  due  to  the  higher  velocities  and  llie  smaller 
iimoiint  of  surface. 

With   these  ideas  in  mind  we  have  undertaken   in   the 
city  of  Cleveland  the  iiistalhition  of  a  higli-])ressure  heat- 
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ing  system,  iu  which  we  expect  to  distribute  steam  to 
greater  distances  and  in  larger  quantities  than  woidd 
be  financially  possible  with  low-pressure  steam. 

In  Fig.  1  is  indicated  the  portion  of  the  district  al- 
ready installed  and  in  operation  during  the  latter  part  of 
the  season  just  closed,  also  the  district  it  is  expected  to 
serve  on  the  completion  of  the  system  at  the  beginning 
of  next  season.  Table  1  gives  the  principal  data  of  the 
system. 

The  amount  of  steam  passing  through  the  main  iu 
Iiorsepower  is  based  X)u  30  lb.  of  steam  per  hour  per 
horse])ower.  The  initial  pressure  is  135  lb.  per  sq.in., 
and  under  the  conditions  shown  in  Table  1  there  will  be 
about  o7  lb.  pressure  left  at  the  end  of  the  main.  The 
drop  iu  pressure  for  each  of  the  ditt'erent  sections  was 
found  by  the  following  formula : 


V.-'  L 


P  =  0.000132i 


'-? 


yd^ 


where 

P  =  Drop  iu  pressure  in  pounds  per  square  inch ; 
ir  =  Weight  of  steam  iu  pounds  per  minute : 
L  =    Length  of  the  pipe  in  feet ; 


anchored  securely  to  take  care  of  any  thrust  due  to  the 
unlialanced  pressure. 

In  Fig.  3  are  shown  the  details  of  a  manhole  in  which 
connections  are  made  for  steam  to  the  service  or  low-pres- 
sure mains.  Sometimes  these  low-pressure  mains  serve 
only  one  customer  and  sometimes  several  who  may  be 
grouped  closely  together.  It  may  be  noticed  that  two  re- 
ducing valves  in  series  are  installed  for  these  connections. 
The  first  one  isTset  to  regulate  tlie  pressure  in  the  service 
main  at  10  lb.  The  second  valve  is  set  to  operate  at  1.5 
lb.,  and  is  intended  to  come  into  operation  only  on  failure 
of  the  first  valve.  These  second  valves  are  tested  regularly 
In'  the  inspector  by  holding  the  first  valve  open  until  the 
pressure  in  the  service  main  builds  up  to  15  lb.  The 
second  valves  being  open  under  normal  conditions,  the 
valve  seats  are  always  in  good  tondition  and  the  dia- 
phragms do  not  wear  out. 

A  section  of  the  trench  illustrating  the  method  of  heat 
insulation  and  of  draining  any  water  in  the  soil  away 
from  the  main,  is  shown  in  Fig.  4,  and  in  Fig.  5  the  de- 
tails of  the  sylphou  regulating  valve,  which  is  installed 
in  the  basement  of  each  individual  customer.  In  addition 
to  the  means  which  this  provides  the  customer  for  regu- 
lating his  individual  service,  it  also  provides  an  additional 
jirotection  against   the  high  pressure  finding  its  way  to 


Fig.  2.  Details  of  Manholes, 
Showing  Expaxsiox  Joint 


Fig.  3.     Connections  to  Low- 
Pkesslhe  Mains 
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ij  =  Mean  density  in  pounds  per  cubic  foot ; 
d  =  Diameter  of  the  pipe  in  inches. 

The  mechanical  features  of  a  liigh-pressure  system  are 
not  difficult.  Since  higher  temperatures  are  involved,  the 
question  of  heat  insulation  becomes  more  important  than 
in  a  low-pressure  system.  The  expansion  must  be  care- 
fully taken  care  of  and  ample  safeguards  must  be  pro- 
vided in  the  pressure-reducing  valves  so  that  by  no  pos- 
sibility can  the  high  pressure  find  its  way  to  the  custom- 
er's radiators. 

In  Fig.  2  are  shown  the  details  of  a  manhole  in  which 
an   e\]iausion   joint  is  installed.     This   is   a  double-slip 


the  radiators.  The  details  of  the  installation  on  the  cus- 
tomer's premises  are  shown  in  Fig.  6.  In  some  instances 
a  regitherm  is  installed  in  connection  with  the  sylphon 
regulating  valve,  for  automatic  regulation.  This  has 
been  found  in  some  cases  to  reduce  the  steam  consumption 
by  as  much  as  35  to  30  per  cent.,  as  well  as  relieving  the 
customer  of  the  inconvenience  of  hand  regulation. 

In  making  a  comparison  of  the  size  of  pipe  required 
for  high-  and  low-pressure  systems,  one  is  confronted 
by  the  fact  that  the  friction  in  the  pipe  varies  inversely 
as  the  fifth  power  of  the  diameter,  and  that  provided  a 
pipe  of  double  the  diameter  is  used  the  friction  is  thereby 


TABLE    2 

LOW 

PRESSLRE 

DI 
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Lb.  of  Steam 

Fairmount  Rd.  to  Cedar  Ave 
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2000 
2000 
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1500 
2000 
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22 
18 
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15— 13  =  2 
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11  —  10  =  1 
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8—5=3 

0  074 
0.069 
0.064 
0.062 
0.057 

14  03 

15  00 
15.79 
16.76 
19.31 

joint,  which  is  installed  every  400  ft.  Half  way  between 
these  expansion  joints  the  pipe  is  rigidly  anchored  to 
hea^-y  concrete  blocks  and  from  the  anchor  to  the  expan- 
sion joint  the  pipe  is  carried  on  rollers  in  an  absolutely 
straight  line.  Wherever  there  is  a  bend  in  the  line  in 
either  a  horizontal  or  vertical  direction,  the  pipe  is  again 


reduced  32  times.  The  droji  in  pressure  is  thus  reduced 
so  much  by  using  a  slightly  larger  pipe,  that  at  first 
sight  it  might  appear  as  a  fallacy  to  argue  that  it  would 
be  more  economical  to  use  high-pressure  steam  for  reduc- 
ing the  investment  by  reducing  the  size  of  pipe.  How- 
ever, when  the  greatly  increased  cost  of  pipe  and  particu- 
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larly  the  increased  cost  of  valves  and  fittiugs  when  the 
size  is  doubled  is  considered  the  saving  in  the  investment 
ac(|uires  importance. 

For  the  purpose  of  comi)arison,  assume  a  pressure  of 
15  lb.  per  sq.in.  at  the  Fairmount  Station,  and  by  allow- 
ing 10-lb.  drop,  there  will  be  5  lb.  left  at  the  end  of  the 
line,  8200  ft.  away.  This  would  be  necessary  to  give 
satisfactory  and  reliable  service. 

For  computing  the  diameter  of  pii)e  necessary  for  each 
i)f  the  sections  considered  above  the  following  formula 
was  used : 

\     Pi/ 

This  formula  gives  the  sizes  of  pi|ie  for  the  various  .sec- 
tions of  the  distributing  mains,  as  sliowu  in  Table  2. . 

It  is  interesting  to  notice  that  although  the  pipe  sizes 
are  about  21^  times  those  for  the  high-pressure  mains,  the 
velocity  in  the  low-pressure  mains  is  nearly  as  great. 
This  is  due  to  the  difierence  in  the  density  of  the  steam  at 
the  different  pressures.  The  costs  of  installation  for  both 
the  high-  and  low-pressure  mains  are  given  in  Table  3. 

The  total  cost  of  the  mains  for  tlie  low-pressure  distri- 
bution system  are  shown  to  be  about  2V^  times  the  cost 


exhaust  steam  going  to  waste,  or,  on  the  other  hand,  hav- 
ing to  supplement  with  live  steam  under  low-pressure 
conditions.  Leaving  this  factor  out  of  the  consideration, 
a  comparison  between  the  two  different  methods  might  be 
made  as  follows : 

TABLE  3.     COST  OF  MAINS 

High  Pressure 

4000  ft.  of  10-in.  pipe $4,200 

2200  ft.  of  8-in.  pipe ,                1,761 

2000  ft.  of  6-in.  pipe 1,128 

Valves  and  fittings 15,000 

Pipe  covering  and  drain  base.  .  .  11,300 

Excavation  and  back  fill lO.otJO 

Pipe  fitting  (labor) 4,300 

Miscellaneous  material,  concrete,  lumber,  brick,  it,  .  ,  .             8,200 

Repaving  at  SI .  15  per  ft 9,100 

Total  cost $65,549 

4000  ft.  of  22-in.  and  24-in.  pipe                                                          $15,300 

2200  ft.  of  IS-in.  pipe 6,630 

2000  ft.  of  14-in.  pipe ...  4,600 

Valves  and  fittings .,  51,000 

Pipe  covering  and  drain  base ...  48,500 

Excavation  and  back  fill .  .  12,900 

Pipe  fitting  (labor) ...  6,000 

.Miscellaneous  material,  concrete,  lumber,  brick,  .i.  .  .  .  12,400 

Repaving  at  $1.25  per  ft  10,000 

Total  cost  $167,303 

HupjJose  a  boiler  installation  of  2.jOO-hp.  boiler  capacity 
such  as  is  being  installed  at  the  Fairmount  Station.    This 


Fig.  5.     Detail  ok  Sylimidn  KixiULATixG  Valve 
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of  those  for  the  high-pressure  distribution  system,  and 
means  an  e.xtra  investment  of  something  over  .$100, 000. 
A  conservative  allowance  for  the  ti.xed  charges  on  this 
e.xtra  investment  would  be  10  per  cent.,  including  interest, 
depreciation,  ta.xes,  etc.  This  means  an  annual  charge  of 
$10,000  against  the  low-pressure  .system,  over  and  above 
the  fixed  charges  against  the  high-pressure  system. 

Of  c(nirse,  the  reason  for  the  use  of  low-pressure  steam 
in  heating  systems  is  that  the  steam  is  first  used  for  the 
generation  of  power  and  the  exhaust  steam  is  then  used 
for  heating  purposes.  However,  when  it  is  desired  to 
transmit  steam  to  considerable  distances,  it  becomes 
necessary  to  carry  at  least  15  lb.  back  pressure  on  the  en- 
gines. This  reduces  their  efficiency  greatly  and  adds  to 
the  importance  of  the  (|uestioii  as  to  whether  it  might 
not  be  more  economical  to  operate  the  ])ower  station  con- 
densing with  maximum  efficiency  and  u.se  live  steam  for 
the  heating  re(|uirements.  It  is  .seldom,  if  ever,  the  ca.se 
that  the  heating  refiuirements  coincide  with  the  power 
requirements,  and  the  problem  of  regulating  the  load  be- 
tween condensing  and  iioncondensiiig  units,  .so  that  the 
amount  of  exhaust  steam  would  be  just  right  is  didicult. 
If  this  is  not  done  then  there  is  likely  to  be  a  loss  due  to 


would  lie  tnpablt'  of  giving  5000-kw.  capacity  at  the 
switchboard  with  suitable  condensing  equijjment  and  a 
rate  of  15  lb.  of  steam  i)er  kw.-hr.  This  would  include  the 
operatioi.  of  auxiliaries.  ^\'ith  noncondensing  engines 
or  turbiuv.s  a  fair  rate  would  be  40  lb.  of  steam  per  kw.- 
hr.  It  would  then  be  possible  to  generate  1800  kw.  with 
the  2500  boiler  horsepower  of  steam  and  have  about  80 
per  cent,  of  the  heat  left  in  the  steam  for  heating  ])ur- 
])oses,  but  it  would  be  necessary  to  use  low-pressure  steam 
with  the  necessarily  larger  mains.  This  would  necessitate 
the  los.ses  due  to  the  larger  investment  and  the  increased 
beat  losses  due  to  the  greater  amount  of  surface.  Only 
.'5(i  jier  cent,  as  much  ])ower  would  be  obtained  with  a  con- 
sumption of  20  ])er  cent,  of  the  boiler  ca])acity,  leaving 
80  per  cent,  of  the  boiler  cai)acity  for  the  heating,  with 
the  same  consumption  of  coal  and  the  same  amount  of 
steam   jiroduced   in   each   ca.se. 

With  an  expenditure  of  20  per  cent  of  the  heat  value  of 
the  steam  1800  kw.  of  power  has  been  secured.  There 
is  2000  hp.  of  steam  left  to  sell,  having  used  500  hp.  to 
gcncriitc  power  which  would  have  re(]uired  900  h]).  of 
sleam  to  i)roduce,  running  fhe  electrical  generating  ecpii])- 
ment   separately    and    with    highly    eflicient    condensing 
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apparatus.  This  analysis  would  show  that  the  actual 
saving  which  has  been  accomiilished  is  represented  by 
the  cost  of  producing  iOO  hp.  of  steam. 

The  41 '0  hp.  of  steam  thus  saved  would  have  such  a 
value  as  it  would  cost  for  its  generation  in  a  power  sta- 
tion, and  might  be  figured  on  a  basis  of  lOe.  per  1000  lb. 
of  steam.  The  period  of  time  for  which  the  saving  should 
be  allowed  would  be  for  the  six  months  of  the  heating 
season,  and  to  be  conservative  assume  that  the  saving 
goes  on  throughout  the  24  hours  of  every  day,  although 
a  40  per  cent,  load  factor  on  a  central-power  station  is 
-      —    •      -  •         the 


generally  considered  good.     With  these  assumptions 

T.\BLE  4.     DISTRIBUTION  SYSTEM  UNDER  250-LB.  PRESSURE 


In  Fig.  7  is  shown  a  diagram  of  the  connections  for 
a  test  on  the  pipe  covering  which  was  made  last  Novem- 
ber. The  first  800  ft.  of  the  10-iu.  pipe  was  dead-ended 
and  a  pressure  of  65  lb.  was  maintained  for  about  ten 
days.  An  efficiency  of  the  pipe  covering  was  found  such 
that  the  loss  amounted  to  85  per  cent,  of  the  loss  which 
would  have  been  found  with  bare  pipe.  There  is  certainly 
an  opportunity  for  great  improvement  in  the  methods  at 
present  obtainable  for  the  protection  of  underground 
steam  mains. 

The  question  naturally  arises  as  to  the  limit  of  pres- 
sure which  would  be  justifiable.     Table  4  shows  the  data 


Approx.  Length 

of  Section.  Ft. 

2000 

2000 


Hp.  of  Steam 
through    Main 

3700 

3000 


.___ .  Dia.  of 

Section  of  Main 
Fairmount  Rd.  to  Cedar  Avt 
Cedar  Ave.  to  Euclid  .\ve. 

saving  amounts  to  $5-250  per  year,  but  it  was  just  shown 
that  the  fixed  charges  ( ;i  the  extra  investment  for  the 
low-pressure  mains  was  $10,000.  This  one  item  alone 
costs  nearly  double  what  the  saving  would  be  from  the 
use  of  exhaust  steam. 

There  are  other  items  of  importance  which  militate 
against  the  exhaust-steam  low-pressure  system  for  dis- 
trict heating.  The  noiicondensing  engines  or  turbines 
cannot  be  operated  economically  during  the  period  of  time 
when  the  exhaust  steam  is  not  required  for  heating.  This 
makes  an  extra  investment  necessary  for  power-generat- 


Drop  in  Steam 
of  Steam   Press.,  Lb. 
min.       per  Sq.In. 
6200       250  —  200 
6000      200  —  160 


per 


50 


40 


Mean  Spec.  \"oI- 
1  Density.  Lb.       ume,    Cu.Ft. 
n  per  Cu.Ft.     per  Lb.  of  Steam 
0  57  1  76 

0.47  2.14 


- 600-0'- - '^         pcuv 

Fig.  7.     Diagram  of  Coxxectioxs  for 
Test  of  Pipe  Coverixg 

ing  machinery,  tjie  fixed  charges  on  which  are  quite  con- 
siderable. Also  the  impossibility  of  having  the  require- 
ments for  heating  coincide  with  the  requirements  for 
power  from  a  central  station  means,  to  say  the  least,  an 
extra  investment  in  machinery. 

There  is  also  an  advantage  from  the  u.se  of  high-pres- 
sure steam,  due  to  the  great  drop  of  ]>ressure  in  the  pipe. 
This  does  not  represent  a  loss,  but  gives  a  tendency  to 
superheat  and  the  customer  is  supplied  with  dry  steam. 
In  the  low-pressure  system,  there  is  a  large  percentage  of 
moisture  in  the  steam  when  it  leaves  the  station,  and  to 
this  is  added  the  moisture  due  to  the  heat  losses  along  the 
liiie.  Finally,  the  losses  in  the  pipe  line  are  much  greater 
in  the  low-pressure  system  because  of  the  greater  surface 
of  the  mains.  Just  what  this  amounts  to,  I  have  been  as 
yet  unable  to  determine.  It  certainly  is  not  directly  pro- 
portional to  the  square  feet  of  surface,  and  this  to  a  cer- 
tain extent  would  be  offset  by  the  greater  loss  per  square 
foot  of  surface  in  the  high-pressure  main,  due  to  the 
higher  temperature.  Such  tests  as  we  have  been  able  to 
make  would  indicate  that,  although  there  is  a  greater 
loss  from  the  larger  main,  it  is  not  in  proportion  to  the 
square  feet  of  surface,  because  of  the  effect  of  the  sur- 
rounding earth,  which  itself  acts  as  a  nonconductor. 


for  250-lb.  jiressure  through  tlie  first  two  sections  of  the 
l!!-in.  mains  of  our  system. 

The  drop  in  j)ressure  in  tiie  two  sections  is  shown  to  lie 
about  214  times  that  with  the  12o-lb.  system  and  with 
only  aljout  50  j)er  cent,  increase  in  the  quantity  of  steam 
flowing  through  the  mains.  This  is  because  the  friction 
varies  directly  as  the  square  of  the  weight  of  steam 
through  the  main.  The  density  does  not  change  so  rap- 
idly at  this  high  pressure  as  the  pressure  increases.  This, 
taking  into  consideration  the  diffici  'ties  connected  with 
the  generation  and  handling  of  high  pressures,  would 
seem  to  set  the  practical  as  well  as  the  economical  limit  at 
from  200  to  250  lb.  pressure  for  a  high-pressure  district 
heating  svstem. 


Downward  Ventilation  in  a  Rockford 
School 

An  abstract  of  Clinton  E.  Beery's  paper  on  the  above 
subject  before  the  American  Society  of  Heating  and 
Ventilating  Engineers  was  printed  in  Power,  Mar.  4. 
1913,  page  301.  In  the  cour.se  of  the  discussion  of  his 
paper,  the  autiior  added  the  following  information  in  re- 
ply to  questions  asked  regarding  the  unique  system : 

The  humidifier  used  in  this  installation  was  a  simple  iron 
water  pan.  containing  a  submerged  pipe  with  a  series  of  pet- 
oocks  along  it.  We  used  low-pressure  steam  to  heat  the  wa- 
ter, the  steam  valve  being  under  thermostatic  control.  This 
arrangement  permitted  the  passing  air  t-i  take  up  a  certain 
amount   of   saturated  steam   with    it. 

A  ceiling  outlet  is  not  necessary:  in  fact  would  never  be 
open  during  the  time  that  the  room  was  occupied  for  school 
purposes.  If  it  were  necessary  to  fumigate  a  school  room, 
with.  say.  formaldehyde,  the  smoke  would  spread  to  all  parts 
of  the  room  and  if  outlets  were  open  at  the  top  and  bottom 
and    the   fan   started,   the  odors  would   be  quickly  dispelled. 

There  Is  a  decided  advantage  in  placing  the  heating  coils 
on  the  ceiling,  which  is  that  it  reduces  the  temperatures  .it 
the  ceiling.  The  ceiling  coils  are  not  intended  to  be  used  for 
heating  the  room,  but  for  preventing  too  high  temperatures 
up  where  they  are  unnecessary.  With  outside  temperatures 
ranging  around  45  to  50  deg.  F.,  ceiling  ladiation  need  not  be 
used  as  it  is  not  necessary  to  prevent  high  final  temperatures 
in  the  ventilating  air.  When  the  temperature  gets  dowrn  to 
30  deg.  and  lower,  the  radiation  on  the  ceiling  is  a  decided 
advantage  and  the  benefit  is  correspondingly  increased  as 
the  outside  temperature  continues  to  go  lower  or  remain  low. 

Regarding  the  by-passing  of  the  incoming  air  to  the  vent 
flues,  we  took  a  low-pressure  steam  line  and  admitted  steam 
to  the  room  until  it  was  conipletely  filled.  When  that  steam 
blanket  got  to  a  low  level  there  was  no  more  reason  whj-  it 
should  not  go  over  to  the  vent  flues  at  the  four  corners  than 
that  the  air  should  do  so.  But  one  could  not  find  any  place 
in  the  room  where  the  density  was  not  uniform.  There  was 
absolutely  no  lateral  movement  except  down  considerably 
below    the   desk    top'?. 
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The  Price  of  Gasoline  and  Oil 

In  an  article  entitled  the  "Gas  and  Kerosene  Situa- 
tion," the  Scientific  American  says: 

United  States  Government  reports  show  that  the  advanc- 
ing price  of  gasoUne  is  clue  solely  to  iiievasible  laws  of  sup- 
ply and  demand.  No  corporation  oi-  combination  of  corjtoi'a- 
tions  is  responsible  foi-  the  fact  that  demand  has  overtaken 
production,  and  that  further  increases  in  prices  ai-e  now 
impending. 

The  United  States  government  reports  do  not  show 
that  it  costs  60  per  cent,  more  to  produce  gasoline  this 
year  tlian  it  did  last,  nor  any  more  for  that  matter. 

There  is  no  question  hut  that  the  producers  made  a 
generous  profit  at  last  year's  prices.  Only  when  a  long- 
suffering  people  shall  decree  that  prices  upon  such  com- 
modities shall  he  hased  upon  the  cost  of  production,  and 
shall  be  only  such  as  to  pay  a  fair  profit  upon  the  invest- 
ment actually  employed  in  that  production  instead  of 
what  the  traffic  will  hear,  will  the  user  of  a  gasoline  or  (iil 
engine  know  how  badly  he  is  to  be  held  up  for  his  next 
fuel  contract,  and  the  engineer  and  power  user  be  al)le 
to  compare  the  economical  advantage  of  liquid  and  solid 
fuel,  internal-combustion  and  steam  engines  upon  a 
stable  and  intelligent  basis. 


Engineers'  Salaries 

The  inade(|uaiy  of  the  salary — sbould  \vc  rather  say 
wages? — of  the  operating  engineer  is  a  subject  of  fre- 
quent comment,  especially  among  members  of  the  craft. 
The  recognition  of  the  engineer,  socially  and  financially, 
has  not  kept  pace  with  his  growing  attainments  and 
responsibilities.  It  is  only  comparatively  recently  that 
there  have  been  many  ])lants  which  justified  the  enqiloy- 
nient  of  a  man  of  wide  attainment.  Today  the  complexity 
of  the  power  plant  has  become  such  that  n<i  iiici-c  Inlxirer 
can  keep  i'^  going,  and  the  saving  itossililc  in  a  plant  of 
even  moderate  size  warrants  the  cinployincnt  of  a  man 
who  knows  power-])laiit  engineering. 

The  money  paid  to  many  of  thc^e  men  is  woefully  insuf- 
ficient for  the  type.  Heads  of  dei)artments  demanding 
much  less  executive  ability,  training,  effort  and  res])onsi- 
bility  command  higher  salaries  in  many  lines.  For  much 
of  this  the  engineers  have  nobody  but  themselves  to  blame. 

In  New  York  there  lias  recently  been  com])leted  the 
largest  office  building  in  the  world.  It  has  its  own  steam 
jilant  with  all  that  that  means  in  heating,  ventilating, 
pumping,  lighting,  refrigerating,  etc  The  engineer  of 
such  a  building  must  be  a  good  deal  of  a  nian.  and  it 
should  mean  much  to  a  man  to  Ih'  engineer  of  such  a 
building. 

Kvidently  many  engineers  tlioiigbl  so,  for  there  was  no 
lack  of  applications.  One  who  offered  to  take  it  for  $4500 
says  he  was  offered  $1H00,  which  munificent  offer  was  also 
received  and  refused  by  others. 

It  is  commonly  reported  that  the  present  incumbent 
took  it  at  that  price.  The  agent  of  the  building  refuses? 
to  tell  the  exact  amouut  but  says  it  is  "about  $3400." 


The  man  who  takes  a  position  like  that  of  engineer  of 
the  Woolworth  Building  for  $1800  a  year  does  not 
only  himself  but  every  member  of  the  craft  an  injustice. 
If  he  is  big  enough  for  the  job  he  is  worth  more  money, 
and  ought  to  stand  out  for  it.  If  he  is  not  worth  moiv 
than  $1800  a  year,  he  is  not  big  enough  for  the  place. 

This  job  at  this  price  will  help  to  hold  salaries  in  New 
York  down  to  the  present  low  level.  Why  should  the  em- 
ployer who  knows  that  such  an  immense  building  pays 
but  $150  per  month  expect  to  pay  his  engineer  on  a 
comparatively  insignificant  plant  more,  or  even  as  much; 
especially  if  he  can  get  somebody — and  he  can —  to  take 
it  for  less  ? 

Who  was  it  who  said  that  the  world  is  prone  to  take 
a  man  at  his  own  valuation  vf  himself? 


Studying  Wiring  Diagrams 

In  these  days  of  comhiit  wiring,  installations  properly 
planned  give  little  trouble,  and  their  permanent  character 
from  the  wiring  standpoint  gives  the  average  engineer 
little  to  do  in  comparison  with  the  denumds  upon  early 
electric-plant  operators  in  making  up  connections,  solder- 
ing cables  and  arranging  auxiliary  conductors.  At  the 
same. time  it  is  important  for  the  progressive  engineer 
to  understand  the  wiring  in  every  plant  for  whose  elec- 
trical apparatus  he  is  responsible,  and  spare  time  cannot: 
be  better  expended  than  in  the  study  of  local  circuits  and 
the  puzzling  out  of  their  details. 

The  easy-going  man  gets  along  reasonably  well,  it  is 
true,  by  always  falling  back  ujioii  the  manufacturers  for 
the  details  of  connections  to  and  from  his  more  complex 
electrical  apparatus,  but  lie  wlui  aspires  to  the  real 
mastery  of  his  installation  will  nut  rest  content  until  he 
has  conquered  these  details  imcc  and  for  all  time,  and 
put  tlieiu  down  in  black  a?i(l  white  for  convenient  refer- 
ence. 

In  a  modern  plant,  where  the  wiring  is  laid  out  far  in 
advaiU'C  of  its  actual  installation,  it  is  often  a  problem 
of  great  complication  to  make  a  com]>lete  wiring  diagram 
on  the  premises  after  o])eration  has  ix-guii.  It  is  some- 
times almost  impossible  to  follow  the  course  of  electric 
circuits  without  the  aid  of  the  original  ]ilans,  and  there 
should  be  rare  occasions  for  this.  The  engineer  is  entitk'il 
to  full  sets  of  ])lant  drawings  fi-oin  the  designers  ami 
manufacturers,  and  be  is  cnlii'cly  within  bis  rights  in 
asking  for  co]u'cs  of  wiring  diagrams  df  the  original  lay- 
out as  an  aid  to  pi'djicr  operation  and  intelligent  anticipa- 
tion of  future  ebanges  in  the  c(|uipnient  and  its  arrange- 
nient. 

iiut  if  be  caniKit  obtain  these,  and  in  some  ca.ses  such 
drawings  are  lu'ver  completely  assembled,  he  can  set  him- 
self the  fascinating  and  helpful  ta.sk  of  preparing  loose- 
leaf  or  sketch  diagrams  of  sjiecific  systems  of  electrical 
service  within  the  station.  It  is  a  mistake  to  suppose 
that  all  home-made  wiring  diagrams  sbould  show  every 
wire  and  finally  be  ma.sscd  together  in  one  inijiressive  but 
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bewildering  effort  to  put  the  entire  installation  on  a  sin- 
gle twenty-four  by  thirty-six-iueh  tracing.  In  these  days 
it  is  more  important  to  possess  accurate  sectioualized  in- 
formation about  the  individual  electrical  systems  in  the 
plant,  and  the  combination  of  such  diagrams  is  largely  a 
matter  of  personal  taste,  depending  upon  the  size  of  the 
installation  and  the  amount  of  time  at  hand  for  the  work. 

Economy  is  served  by  the  use  of  single-line  diagi-ams 
in  place  of  the  elaborate  two-  and  three-phase  line  draw- 
ings formerly  looked  upon  as  necessary,  and  the  detailed 
interior  connections  of  apparatus  units  may  well  be 
omitted  in  system  sketches  in  many  cases.  The  manu- 
facturers of  voltage  regulators,  exciters,  battery-charging 
equipment,  motors  and  other  more  or  less  complex  ma- 
chinery almost  invariably  will  supply  detailed  interior 
circuit  drawings  without  cost  to  the  engineer,  and  these 
can  be  transferred  to  a  loose-leaf  wiring  book  as  occasion 
offers.  ' 

One  set  of  drawings,  for  example,  may  show  the  dia- 
grammatic arrangement  of  busbars,  generator  leads,  oil 
switches  and  feeders,  leaving  the  main  switchboard  or 
bus  compartn;euts ;  another  set  may  show  the  connections 
in  skeleton  form  of  the  local  station-lighting  circuits,  and 
another  set  may  give  the  outlined  relations  of  the  auxil- 
iary power-motor  leads  and  controlling  switches. 

Throughout  all  work  of  this  kind  the  engineer  should 
keep  its  object  closely  in  mind,  and  that  object  is  pri- 
marily the  clearing  up  of  every  mysterious  detail  in  the 
connections  for  which  he  is  responsible.  Xo  better  men- 
tal discipline  exists  than  the  study  and  composition  of 
■wiring  diagrams.  The  work  demands  imagination,  ac- 
curacy, perseverance  and  insight,  and  may  well  occupy 
the  attention  of  ambitious  engineers  keenly  alive  to  the 
benefits  of  looking  deeply  into  phases  of  power-plant  op- 
eration beyond  the  comprehension  of  the  layman.  Such 
■n-ork  helps  to  tit  a  man  for  grappling  with  bigger  prob- 
lems and  makes  him  a  more  valuable  employee. 


Mastering  Details 

The  prominence  given  to  executive  responsibilities 
tends  to  obscure  the  faithful  performance  of  detailed 
work.  The  daily  tasks  of  the  engineer  are  tilled  with 
details  of  equipment  and  operation  which,  individ- 
ually, may  be  overlooked,  but,  collectively,  often  make  or 
mar  the  reputations  of  the  high-salaried  officials  under 
whose  general  jurisdiction  they  are  ])erformed. 

It  is  absolutely  necessary  then  to  master  details  in  order 
to  attain  any  lasting  individual  or  organized  success. 
Cultivating  enthusiasm  for  the  drudgery  of  one's  positici 
will  lead  the  man  with  a  reasonable  aptitude  for  his  oc- 
cupation and  plenty  of  staying  power  to  the  plans  of  the 
expert  and  away  from  the  level  of  mediocrity.  And  it 
may  be  put  down  at  the  outset  that  the  reward  of  re.iUy 
mastering  one's  daily  work  comes  with  the  knowledge  that 
one  is  equal  to  the  emergency,  wholly  apart  from  the  ques- 
tion of  pecuniary  benefits. 

With  the  busy  engineer,  as  with  everyone,  days  come 
in  which  his  tasks  seem  anything  but  worth  while ;  in 
which  the  familiar  duties  look  shopworn  and  burdea&i 
with  routine.  At  such  times  "every  ship  is  attractive 
except  the  one  in  which  we  sail."  This  is  the  time  which 
tests  the  man  of  purpose  and  requires  an  extra  effort  on 
his  part  to  attack  the  problems  which  confront  him  with 


a  determination  to  nuike  every  little  detail  of  his  work 
right,  to  leave  nothing  done  m  a  slipshod  way,  and  to 
dig  deep  down  into  the  perplexities  which  beset  him. 

It  may  be  that  a  new  type  of  valve  has  been  put  into  the 
plant  under  the  pressure  of  necessity,  leaving  the  engineer 
practically  no  time  to  study  its  fine  points,  or  that  an 
automatic  voltage  regulator  misbehaves  and  spoils  the 
chart  produced  by  the  curve-drawing  meter.  Here  is  the 
engineer's  chance  to  make  life  miserable  for  the  concern 
that  manufactured  the  valve  or  regulator  until  it  supplies 
him  with  drawings  or  photographs  of  the  interior  parts, 
and  descriptive  matter  in  print  or  verbatim,  which  he 
could  not  obtain  imder  the  stress  of  the  installation.  It 
is  his  duty  to  study  the  details  at  the  earliest  available 
hour,  and  it  is  only  his  neglect  to  do  so  which  may  pro])- 
erly  be  blamed. 

Whether  it  is  taking  indicator  cards,  fitting  pipe,  stop- 
ping leaks  or  packing  valves,  the  engineer's  work  is  so 
much  one  of  detail  that  the  master}'  of  these  tasks  in 
large  degree  fits  the  ambitious  man  for  larger  responsi- 
bilities. It  is  the  custom  in  many  plants  to  lay  upon 
the  engineer's  shoulders  the  troubles  of  the  entire  estab- 
Jishment,  so  that  he  sometimes  wonders  if  he  is  not  a 
cross  between  a  janitor  and  a  plumber.  The  wise  man, 
however,  will  hesitate  a  long  wliile  before  he  refuses  to 
perform  the  duty  nearest  at  hand. 

Less  than  three  years  ago  the  vice-president  of  a  large 
railway  company,  then  a  rising  executive  assistant  in  the 
manager's  office,  made  it  his  personal  task  to  see  to  it 
that  the  president's  chauffeur  brought  the  former's  car 
to  the  door  of  the  hotel  at  exactly  the  right  moment  fol- 
lowing the  conclusion  of  every  meeting,  a  duty  which 
any  $3  a  week  office  boy  could  doubtless  perform,  but 
which  the  high-priced  man  took  upon  himself  in  his  de- 
termined efforts  to  be  of  the  utmost  possible  use  in  every 
way. 

Xo,  the  details  must  he  done  properly  if  the  work  as  a 
whole  is  to  stand,  and  just  as  each  inch  of  wire  in  a 
transmission  line  a  hundred  miles  long  must  be  continu- 
ous and  without  break  for  successful  service,  so  must 
the  chain  of  detailed  jobs  done  one  by  one  in  the  silent 
criticism  of  one's  own  judgment  and  loyalty  to  the  best 
work  that  he  knows,  establish  a  reputation  for  reliable 
and  skillful  jjerformance,  which  is  the  reward  of  the 
master  of  those  little  things  so  often  scorned  as  mere 
details,  but  of  such  cumulative  power  in  the  efficiency  cf 
every  industrial  enterprise. 


Available  CO2  Percentages 

Flue-gas  analysis  is  by  no  means  common  among  en- 
gineers, and  its  popularity  is  not  enhanced  by  the  inno- 
cent symbols  and  terms  met  with  in  the  use  of  the  Orsat. 
Some  of  those  with  whom  the  practice  does  become  pop- 
ular overlook  important  factors  influencing  the  maximum 
CO,  available  when  burning  fuels  of  different  composi- 
tions. Failure  to  adequately  consider  and  make  allow- 
ances for  these  factors  has  been  the  cause  of  injustice  to 
firemen  ordered  to  maintain  a  standard  percentage  of 
CO.,  when  burning  coals  of  widely  varying  qualities. 

Mr.  Pohlman's  letter,  recently  piiblished  on  the  subject 
of  available  percentages  of  CO,,  and  the  subsequent  dis- 
cussion on  the  subject  have  proved  of  especial  interest  and 
value. 


June  3.   1913  POWER  789 

lllllllllllliiiniiiiiiiiiiiiiiiiiiiiiiinnilliliniiiiii'iiliiiiiiliiliiiiHliiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiniiiiiiii iiiiiiiiiiiiiiiiiiiiiiiii iiiiui iiimiiiii i iiiiiiiiiiiiiiiiiiiiiiiiiiiiiniii iniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiniiiiiiiuiiii: 

I    READERS     WITH     SOMETHING     TO     SAY    i 


,niiiiiiiiiiiiiiiiiiiiiiiiiiiiin iiiiiiiiiiiiiiiiiiiiiiiiiinniiiiiiii iiiiiiiii iiiiiiiiiiiiiiiiiiin iinnii iiiiniiiiiiiiii iiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i iiiiiiiiiiiiiiiiiiinni iiiininii m iiiiiniii ininiiiiiiinn iiiiiiii:iiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


Mercury  Liquid-Level  Gage 

The  writer  receutly  had  ;i  cvluulrical  tank  about  18  in. 
iu  diameter  and  3  ft.  liigh  which  was  placed  in  an  inac- 
cessible garret  used  for  the  storage  of  crude  oil.  The  oil 
was  pumped  up  to  the  tank  from  an  outside  source  and 
then  allowed  to  flow  back  to  a  small  burner  used  for 
house-heating  purposes.     Some  means  of  telling  just  how 
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much   oil    was   m   the   tank   was   necessary.      The   skelcli 
shows  the  a))paratus  used  to  do  this. 

A  glass  lube  aljout  i/s  in.  inside  diameter  was  bent,  as 
shown,  and  connected  to  a  steel  container  or  reservoir,  the 
details  of  wliich  are  shown  in  the  enlarged  drawing.  The 
apparatus  was  mounted  on  a  board  and  placed  in  a  \er- 
tical  position  on  the  wall  in  the  room  where  the  pump 
was  situaU'd.  The  upper  end  of  the  reservoir  was  con- 
nected to  the  pipe  leading  to  the  tank.  The  diiference  in 
level  between  the  bottom  of  tiie  tank  and  the  mid  point 
of  the  reservoir  was  about  20  ft.  The  distance  Y  was 
made  of  the  proper  length  so  that  when  the  glass  lube 
and  the  reservoir  were  filled  with  mercury  and  the  oil 
was  at  its  lowest  level  in  the  tank  in  the  garret  the  mer- 
cury would  rise  to  the  point  B.  The  part  C  was  about 
1"^  in.  long  and  inclined,  as  shown,  so  that  the  mercury 
would  rise  to  the  i)oint  .1  when  the  oil  tank  was  full. 
Knowing  the  cajiacity  of  the  tank  it  was  an  easy  matter 
(o  calibrate  the  distance  AB  to  read  in  gallons. 

Readers  of  T'owek  may  have  occasion  to  use  some  such 
lirvice  and  for  their  convenience  it  may  be  stated  that 
II. 884  in.  of  mercury  will  balance  one  foot  of  water.  If 
the  tube  C  is  made  one  foot  long,  then  for  every  foot 
depth  of  the  tank  the  inclination  of  the  tube  C  should 
be  7/^  in. 

William  D.  IIalmky. 

West  f'hestcr.  T'eniL 


Cannot    Lubricate  Pump 

I  have  a  duplex  hydraulic  pump  operating  a  hydraulic 
press,  the  pump  is  of  the  slide-valve  pattern,  and  steam 
to  it  is  controlled  by  an  accumulator.  Steam  at  110  lb. 
is  delivered  to  the  head  end  of  the  .steam  chest. 

A  mechanical  lubricator  was  connected  to  the  top  of 
the  valve  chest  and  oil  fed  into  the  center  of  the  valve 
chest  though  the  top  cover,  the  lubricator  was  controlled 
and  operated  by  a  rod  which  was  bolted  to  the  right-hand 
valve  rod.  By  this  arrangement  it  was  found  that  the 
right-hand  cylinder  did  not  receive  any  oil  while  the  left- 
hand  cylinder  received  it  all.  On  suggestion  by  the  man- 
ufacturers, the  connection  was  i-emoved  from  the  top  of 
the  steam  chest  and  connected  into  the  steam  pipe  24  in. 
from  the  valve  chest.  The  operating  rod  was  taken  off 
the  right-hand  valve  rod  and  connected  to  the  left-hand 
valve  rod,  still  the  right-hand  cylinder  does  not  receive 
oil  while  the  left-hand  cylinder  is  well  lubricated. 

The  valves  iu  both  cylinders  are  set  properly  and  there 
is  no  obstruction  that  would  prevent  proper  lubrication. 
Both  plungers  are  doing  their  share  of  work.  I  would 
like  to  hear  some  comment  on  this  trouble. 

J.  B.  Lake. 

Xewark,  X.  J. 

[So  long  as  the  operating  lever  has  suflicieiit  throw  to 
give  the  proper  stroke  to  the  oil-pump  plungers,  it  does 
not  matter  to  which  valve  stem  it  is  connected. — Editor.  1 


Fitting   Crankpins  in  the  Backwoods 

Having  seen  occasional  inquiries  in  PowEi!  in  regard  to 
loose  crankpins  and  the  methods  used  to  repair  them,  in- 
duces me  to  give  some  of  my  e.xperiences  with  them. 

Soon  after  going  to  work  in  a  machine  shop  I  was  sent 
to  a  big  sawmill  to  fit  a  new  crankpin  in  a  lumber  gang, 
the  old  one  being  loose.  The  new  pin,  T)  in.  in  diameter 
and  14  in.  long,  was  made  with  the  tapered  end  consider- 
ably larger  than  the  finished  size,  but  so  it  would  go 
about  three-quarters  of  the  distance  through  the  crank 
disk  :  the  taper  was  as  near  the  right  taper  as  we  could  get 
it.  On  trying  it  in  the  hole  and  testing  for  fit,  we  fouml 
the  hole  considerably  out  of  round,  and  out  of  square. 

Coating  the  tapered  end  of  the  pin  with  red  lead  and 
oil,  the  pin  was  tried  in  the  hole  and  rotated  slightly  back 
and  forth.  On  removing  the  ))in  the  high  spots  showed 
plainly  and  were  dressed  off  with  file  and  scraper.  This 
was  done  repeatedly,  gradually  rounding  the  hole  and  at 
the  same  time  dressing  it,  so  as  to  bring  it  square  with  the 
crankshaft.  We  tested  for  square  by  using  a  tool  called  a 
plundi  level  made  as  illustrated.  As  the  hole  apiu-oached 
coni))letioii  the  shaft  was  rotated  and  placed  on  both  dead 
centers  and  on  the  two  quarters,  and  the  jun  tried  for 
square  in  each  jiosition. 

If.  as  the  ]iin  was  gradually  worked  into  the  hole,  tin; 
taper  changed  slightly  or  it  was  found  to  be  too  large,  it 
was  taken  to  the  nuubine  shop,  which  was  ncnr-bv,  and  a 
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cut  taken  off  in  the  lathe.  This  was  done  several  times, 
care  being  taken  to  have  the  pin  the  proper  distance  in 
the  hole  when  the  fit  was  perfect.  It  was  slow  work  with 
the  frequent  trials  of  the  heavy  pin  and  repeated  turning 
of  the  shaft  to  get  at  the  high  spots.  After  the  hole  had 
been  dressed  to  a  near  fit,  fine  emery  and  oil  were  used  to 
grind  down  any  slight  inequalities  in  the  hole,  making  a 
ground  fit. 

If  the  pin  was  still  out  of  square  as  the  hole  approached 
a  good  fit,  we  set  the  crank  so  the  weight  of  the  overhang- 
ing end  of  the  pin  in  grinding  tended  to  work  the  hole 
in  the  proper  direction. 

In  fitting  the  ]iin  allowance  was  made  for  a  shrink  fit. 
The  pin  being  finished  and  ready  to  be  forced  in  the  hole, 


Crankpin  Level 

the  crank  disk  was  heated  by  placing  red-hot  chunks  of 
iron  in  the  hole  and  changing  them  frequently,  and  l)y 
bent  pieces  of  flat  iron  made  red  hot  and  placed  on  the 
outside  of  the  disk  and  changed  as  they  cooled.  A  heaxy 
ram  was  also  hung  in  a  convenient  position.  When  the 
disk  was  as  hot  as  seemed  advisable  the  pin  was  inserted 
and  two  or  three  blows  of  the  ram  were  sufficient  to  drive 
it  home,  when  the  end  was  riveted  over.  This  was  my 
first  job,  but  since  then  I  have  fitted  jn-obably  twenty-five 
large  pins  and  have  never  had  a  pin  come  loose. 

I  have  fitted  a  few  engine  crankpins,  where  the  old 
ones  were  loose,  using  this  same  method,  and  always  found 
the  holes  out  of  square.  Of  course,  this  plan  can  only 
be  used  in  a  taper  hole  or  by  making  a  straight  hole  taper- 
ing, as  I  did,  about  four  years  ago,  where  the  crankpin  of 
a  22x48-in.  engine  came  loose. 

On  removing  the  old  pin  it  was  found  that  the  linle 
was  originally  parallel,  but  being  both  out  of  round  and 
out  of  square,  and  no  boring  rig  available,  it  was  decided 
to  put  the  new  pin  in  by  the  method  described.  The  hole 
was  tapered  by  hand,  using  a  temporary  piece  of  iron 
to  start  the  taper,  and  a  la.sting  job  was  done.  This  crank 
was  an  arm  instead  of  a  disk  and  was  heated  to  shrink 
in  the  pin  by  putting  it  on  the  outer  center  and  placing  a 
portable  forge  under  it  at  the  hole.  The  taper  of  these 
crankpin  holes  was  about  ^/4  to  %  in.  per  foot. 


At  the  place  where  so  many  pins  broke,  we  got  a  cast- 
iron  sleeve  nuide  the  size  of  the  pin,  cast  hollow  to  make 
it  light,  and  used  it  to  fit  the  pin.  This  saved  lots  of 
lifting  in  not  having  to  use  the  heavy  pin  for  that  pur- 
pose. For  grinding  and  rotating  the  i)ins  we  used  wood 
or  iron  clamps  with  handles. 

In  using  the  plumb  level  the  shaft  should  be  level, 
or  if  a  little  out  the  plumb  should  show  on  the  pin  the 
same  as  when  a]5])licd  to  the  shaft. 

\\.  K.  Stickney. 

Prince  Albert.  Sask.,  Can. 

Innovations  in  Furnace  Walls 

Has  any  I'eailcr  tri<'(l  laying  ihc  firebricks  of  furnace 
side  walls  in  any  other  way  than  horizontally  or  perpen- 
dicularly? I  know  of  one  engineer  who  claims  a  marked 
improvement,  and  no  snudl  saving  of  time  and  outlay,  by 
I  oursing  the  bricks  as  shown.  He  has  also  included  in  the 
design  of  his  furnace  other  innovations,  the  most  radical 
of  which  are  depicted  in  the  illustration. 

The  engin.eer's  claims  for  his  design  are:  Xo  expensive 
skilled  labor  required;  the  ki'y  bricks  .1  and  B  are  made 
to  order,  and  the  pillars  CC  arc  so  distanced  that  the 
bricks  t;nngly  fill  the  iniervening  si)ace.     As  there  is  no 
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DicTAii.s  {.F  FriiNACE   Design 

trinuning  to  do,  the  lca><t  intelligent  helpers,  when  aided 
liy  a  guide,  reaching  from  pillar  to  pillar,  can  lay  the 
bricks  satisfactorily ;  each  course  of  bricks  is  self-con- 
tained, as  shown  at  DD.  The  keys  force  the  bricks  snugly 
together. 

Less  material  is  used  and  the  boiler  is  out  of  service  but 
a  short  time  during  repairs.  As  the  affected  area  is  in- 
closed no  time  is  lost  in  supporting  the  standing  wall  in 
making  connections  thereto,  and  it  takes  less  time  to  dry 
the  wall. 

As  to  wear,  the  engineer  showed  me  his  log  book,  from 
which  the  following  representative  figures  were  copied: 

Before  the  change: 

391  fire  bricks  at  3,  So *'?  51 

Fireclay                                        -                                      '   -^ 

Labor/mason,  two  (lavs  at  0  80  per  hour     12.80 

tender,  two  days  at  0 .  50  per  hour °  "" 

Total   $35.98 
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The  walls  required  repairing  on  an  average  of  ouce  in 
eight  months. 

After  the  change : 

252  fire  bricks  at  4c $10  08 

Fireclay   (some  used  for  pointing  other  work) 0  40 

Labor,  two  helpers,  two  days  at  $2  per  day 8 .  00 


Total. 


The  walls  required  repairing  on  an  average  of  ouce  in 
13  months.  The  engineer  t-laimed  headers  in  the  wall 
were  not  needed,  as  the  hrit-ks  were  so  tightly  packed  they 
could  not  fall  inward. 

Other  peculiarities  of  the  design  are  the  long  hridge- 
wall  top,  to  heat  cold  air  when  the  furnace  doors  are 
open  or  a  hole  is  burned  in  the  fire ;  also,  the  ridged 
ashpit,  shown. 

There  is  one  "'iinprovement"  the  engineer  is  in  doubt 
about.  He  is  uot  certain  of  this  iimovatiou,  but  experi- 
ments seem  to  bear  him  out.  He  looks  upon  the  furnace 
wall  as  a  compound  engine.  The  inner  section,  between 
the  fire  and  the  air  space,  corresponds  to  the  high-pres- 
sure cylinder ;  the  outer  .section,  to  the  low-pressure  cyl- 
inder, and  the  air  space  corresponds  to  the  receiver.  Xow 
the  higher  the  receiver  pressure,  the  less  will  be  the  initial 
condensation  in  the  high-pressure  cylinder.  Likewise,  the 
higher  the  temperature  of  the  air  space,  the  less  will  be 
the  loss  of  heat  by  conduction  through  the  inner  wall ; 
for  the  transfer  of  lieat  by  conduction  varies  directly  as 
the  temperature  difference  between  the  inner  and  outer 
surfaces. 

It  is  admitted  that  more  heat  travels  across  the  air 
space  by  radiation  than  would  fiow  by  conduction  were 
the  brickwork  solid.  From  this,  he  reasons  that  if  he 
covered  one  side  of  the  air  space  with  some  smooth  ma- 
terial, such  as  glass,  the  heat  would  be  reflected  back  to 
the  inner  wall  and  its  conduction  through  the  outer  wall 
checked.  To  cover  the  wall  with  glass  being  imprac- 
ticable he  has  used  the  next  best  thing — briglit  tin. 

He  made  tests  of  his  theory  by  imbedding  thermometer 
receptacles  in  the  walls,  and  applying  the  instruments 
thereto,  whose  readings  proved  so  complimentary  that  he 
had  all  the  air  spaces  lined,  but  whetlier  the  result  is  due 
to  the  reflection  of  heat  from  the  tin,  to  the  diminution 
of  air  leakage  through  tlie  setting  by  the  u.se  of  the  air- 
proof  lining,  or  to  some  other  cau.se,  liis  experiments  were 
not  carried  far  enough  to  determine.  However,  whatever 
the  cause,  an   imjjrovement   was  effected. 

I?.  0.  Rr(  H.\i{i).s. 

Franiinghiim.   Mass. 


Injector  or  Pump  Most  Economical 
Boiler   Feeder? 

The  assertion  is  sometimes  made  that  an  injector  is  the 
most  economical  boiler  feeder,  and.  on  the  other  hand. 
some  say  tliat  a  piimi)  and  lieater  is  the  most  economical. 
I  liave  never  seen  any  figures  given  to  ])rove  either  state- 
ment. I  Jiave  made  a  comparison  of  tlie  two  in  a  j>lant 
where  the  conditions  from  day  to  day  are  as  nearly  uni- 
form as  can  be  found  in  a  manufacturing  ])lant. 

We  have  two  sets  of  boi]er.« — twelve  running  for  jjowcr 
and  four  for  heating.  Each  set  has  a  steam  pump  and 
a  heater  and  each  boiler  has  an  injector.  The  steam 
available  for  the  heaters  is  the  exhaust  from  two  air 
compressors,  and  two  pumps.     The  heaters  condense  all 


of  the  exhaust  steam,  so  that  no  steam  come.-  From  the 
exhaust  pipes. 

With  both  puniijs  and  heaters  working,  and  with 
winter  temperatures  the  feed  water  entering  both  systems 
is  from  50  to  75  deg.  F.  By  feeding  the  four  heating 
boilers  with  the  injector  and  passing  all  the  exhaust  steam 
through  the  large  heaters,  feeding  the  12  power  boilers 
with  the  pump,  the  feed  water  in  both  systems  rises  to 
150  deg.  Again,  by  feeding  the  four  heating  boilers  with 
the  pump  and  heater,  and  the  power  boilers  with  the 
injector,  passing  the  water  from  the  injector  through  the 
heater  we  get  a  feed-water  tem])erature  of  ISO  deg.  in 
both  systems. 

We  can,  therefore,  compare  tlie  coal  consumption  uniler 
both  conditions.  I  have  done  this  on  alternate  days  for 
two  weeks,  and,  without  exception,  on  the  days  when  the 
injectors  were  used,  the  coal  burned  in  the  power  boilers 
was  over  a  ton  less  than  on  the  days  the  pump  was  used, 
all  other  conditions  of  load,  etc.,  being  the  same.  I  might 
add  that  the  injector  we  have  is  a  high-grade  locomotive 
type  that  can  be  reduced  60  per  cent,  of  its  cajiacity,  and 
it  is  not  stopped  from  7  a.m.  to  G  p.m. 

W.  E.  Hopkins. 

Torringtoii,  Conn. 

[It  should  l)e  noted  that  the  amount  oi  exhaust  steam 
available  for  the  feed-water  heater  is  small  in  this  plant. 
— Editok.] 

Gases   in   Furnace   Explode 

An  incident  which  I  witnessed  recently  serves  to 
show  the  need  of  caution  iu  furnace  operation. 

The  steam  pressure  having  risen  to  the  point  of  blowing 
off,  the  fireman  unhooked  the  damper  chains  from  the 
regulator,  closing  the  clamper  tightly.  This  was  the 
cour.se  usually  pursued  when  the  boilers  were  left  for  the 
night.  As  we  were  blowing  down  tlu'  boilers  the  fire- 
man proceeded  to  blow  down  the  water  coluiuiis,  which 
were  piped  so  as  to  discharge  into  the  ashpits.  He  had 
just  finished  when  I  called  him  to  me  some  ten  feet  to 
one  side  of  the  furnace  doors  to  tell  him  of  the  prob- 
abilities of  a  furnace  explosion  with  conditions  as  they 
then  prevailed. 

The  words  were  hardly  uttered  when  an  explosion  oc- 
curred. The  furnace,  ashpit  and  combustion-chamber 
doors  were  blown  oi'en,  allowing  fire,  smoke,  gas,  etc.. 
to  be  blown  into  the  room.  It  was  well  for  the  fireman 
that  he  stepped  to  one  side  at  the  moment  he  did  as  he 
{•oulil  hardly  have  escaped  being  badly  burned.  The  sup- 
position is  that  the  proportions  of  carbon  monoxide  and 
air  ha]>pcnedto  be  just  right  to  makean  explosive  mixture, 
and  being  bottled  up  by  the  tightly  closed  dampers,  an 
explosion  occurred.  The  settings  were  not  wrecked,  but. 
no  doubt,  the  relief  afforded  by  the  various  doors  was  all 
that  saved  them.  It  would  seem  that  it  is  unsafe  to  ])ipc 
up  blowofl'  lines  from  water  columns,  etc..  to  the  ashpits. 
When  they  are  pi]ied  in  this  way  the  columns  should 
never  be  blown  down  when  the  dampers  are  clo.«ed  tightly. 

Enw Ann  T.  Bivxs. ' 

Philadelphia.  Pcnn. 

fWe  wish  to  emphasize  the  writer's  last  .sentence,  for 
it  is  hardly  to  be  recommended  that  the  column  blowofT 
be  piped  elsewhere  than  to  the  ashpit.  The  practice 
above  warned  against  should  be  avoided  under  any  con- 
ditions but  particularly  when  fresh  coal  has  just  been 
thrown  on  a  hot  fire. — EniTOi?.] 
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Slippage  of  Reciprocating  Pumps 

Some  interesting  facts  were  given  by  Merviu  K.  Baer 
in  the  article  on  "The  Slippage  of  Keciprocating  I'umps." 
As  this  is  a  question  of  great  moment  to  all  engineers, 
some  actual  figures  from  his  tests  are  appreciated.  The 
writer  hopes  he  will  go  further  into  the  problem  and  col- 
lect more  data,  so  that  he  may  give  a  workable  formula 
to  use  in  practice. 

The  writer  has  used  a  formula  for  pump  slippage,  which 
gives  results  very  different  from  the  actual  tests  recorded 
in  this  recent  article,  but  in  view  of  this  information  he 
has  now  abandoned  it,  and  is  using  an  entirely  new  for- 
mula liased  on  Fig.  2  in  Mr.  Baei-'s  article.    This  is : 

_  V~P  X  2000  X  G 

in  which 

;r ^^  Percentage  of  .^liji: 
P  =  Pounds  pressure  of  tlie  liquid ; 
G  =  Specific  gravity  of  the  liquid ; 
.s'  =  Piston  speed  in  feet  per  minute ; 
L  =  Length  of  stroke  in  inches. 

That  the  valve  slip  varies  inversely  as  the  stroke  can 
hardly  be  denied,  as  it  is  obvious  that  with  the  same  diam- 
eter of  barrel  and  valves,  the  slip  is  in  j^roportiou  to  the 
number  of  reversals  of  the  valves,  and  this  number  is 
twice  as  great  in  a  pump  of  half  the  stroke,  when  both 
pumps  have  the  same  piston  speed. 

When  water  is  being  pumped,  G  need  not  be  considered. 
The  slip  is  undoubtedly  increased  with  the  viscosity  of 
heavy  liquids.  In  sugar-house  work  we  have  to  pump 
liquids  of  densities  from  that  of  water  to  molasses  which 
will  weigh  12  lb.  per  gal.  with  a  density  of  about  90 
deg.  Bris.  Special  pumps  are  used  for  this  work,  but 
even  then  it  is  difficult  to  force  the  molasses  into  the  bar- 
rel. The  valves  tend  to  stick  open  and  they  lose  their 
relative  weight,  so  that  it  is  safe  to  assume  the  slippage 
increases  in  close  relation  to  the  specific  gravity. 

How  the  factor  of  specific  gravity  will  work  out  with 
oils  the  writer  does  not  know,  having  had  no  experience 
in  pumping  liquids  lighter  than  water ;  but  for  heavier 
solutions  free  from  foreign  matters,  it  checks  up  well  with 
practical  work. 

The  formula  is  suggested  for  use  within  the  usual 
limits  of  pumping  practice  as  a  guide  to  the  slippage  to 
he  expected,  and  an  aid  in  selecting  the  displacement  of 
the  pump  required.  Xo  formula  can  give  the  actual  slip- 
page that  will  be  experienced,  as  this  depends  on  so  many 
things.  An  outline  of  the  factors  controlling  the  slip- 
page i'n  the  valves  follows :  The  length  of  the  pump 
stroke,  pressure  pumped  against,  piston  speed,  condition 
of  the  valve  seats,  tension  of  the  springs  or  weight  of  the 
valve,  height  of  suction  lift,  viscosity  of  the  liquid,  lift  of 
the  valves,  shape  of  the  valves  and  their  chamber. 

The  writer  is  inclined  to  the  belief  that  there  is  more 
valve  slip  in  direct-acting  pumps  than  there  is  in  flywheel 


pumps;  as  the  crank  pumps  do  not  have  the  "get  away" 
action  of  the  direct-acting,  allowing  relatively  more  time 
to  the  valves  to  "nest  home." 

The  liquid  pressure,  piston  speed  and  the  condition  of 
the  valves  have  been  touched  on  by  Mr.  Baer.  The  proper 
tension  on  the  valve  springs  has  a  lot  to  do  with  the  proper 
working  of  the  pump,  and  strictly  speaking  they  should 
be  adjusted  and  set  ditt'erently  for  every  condition  of  ser- 
vice. The  higher  the  pressure  pumped  against  the  tighter 
the  springs  can  be,  and  the  less  the  suction  lift  the  tighter 
the  suction-valve  springs  can  be.  It  is  an  advantage  to 
have  the  springs  as  tight  as  possible  for  the  particular 
pressure,  as  the  slip  is  reduced.  The  nearer  the  suction 
water  to  the  pump,  naturally  the  less  reduction  of  pres- 
sure in  the  pump  chamber,  with  consequent  reduction  of 
slip   in   both   valves  and   piston. 

The  lift  of  the  valves  and  their  general  setting  should 
be  mentioned.  The  old-fashioned  large  valves  with  the 
necessary  high  lift  are  very  little  used  now,  as  it  is  recog- 
nized that  more  valves  with  low  lifts  allow  far  less  slip- 
page, and  are  therefore  more  economical.  The  setting 
and  shape  of  the  valves  can  also  affect  the  slip,  as  the 
time  of  closing  will  be  partly  controlled  by  the  way  tlie 
rush  of  liquid  strikes  the  valve  proper,  whether  a  return 
rush  will  aid  prompt  closing,  or  by  striking  it  on  the 
side  actually  tend  to  retard  the  closing. 

An  examination  of  the  formula  will  give  an  idea  of  the 
relation  of  the  various  factors.  It  may  be  seen  that  it  is 
an  advantage  to  have  long  strokes  and  high  pistoji  sj-ceds 
with  low  pressures  and  specific  gravities. 

The  rise  in  the  curves  when  the  piston  speed  exceeds 
a  certain  amount  is  not  explained  by  Mr.  Baer.  He  may 
have  data  that  will  throw  more  light  on  this  point.  One 
explanation  is  that  the  rise  is  due  to  the  choking  fffect 
of  the  suction  valves,  and  so  would  vary  with  every  pump. 
There  is  a  certain  limit  to  the  velocity  at  which  the 
water  can  be  forced  into  the  pump  by  atmospheric  pres- 
sure, and  it  is  prol)able  that  the  phenomenon  of  cavita- 
tion causes  the  increase  of  slip  beyond  a  certain  speed. 

Havana.  Cuba.  Charles  E.  Nevvbold. 


In  the  Apr.  8  issue  of  Power,  I  was  interested  in  an 
article  on  slippage,  by  Marvin  K.  Baer,  particularly  as  it 
refers  to  a  test  of  pump  Xo.  7  of  the  Milwaukee  water- 
works, made  in  June,  1911,  which  showed  a  slip  of  43 
per  cent.  After  repairs  were  made  to  the  valves  the  slip 
was  reduced  to  9  per  cent. 

Insofar  as  there  are  no  reliable  data  obtainable  on  the 
slippage  of  reciprocating  pumps,  I  agree  with  the  au- 
thor's statement,  but  do  not  believe  that  the  operating  en- 
gineers have  been  indifferent  or  that  they  have  not  made 
experiments  of  a  practical  nature  along  this  line. 

In  modern  pumping  stations  supplying  large  cities, 
the  pumping  engines  are  usually  of  the  outside-packed 
plunger  type  and  if  the  suction  lift  is  not  excessive  and 
the  machine  properly  designed,  the  main  source  of  slip- 
page would  be  through  the  pump  valves.  I  believe  from 
long  experience  that  the  average  sliupage  throu2:hout  the 
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year  cau  be  kept  within  a  range  of  from  2  to  5  per  cent, 
for  this  class  of  pumping  machinery. 

Mr.  Baer  cites  a  number  of  tests  made  on  a  variety  of 
pumps  and  gives  the  slippage,  but  does  not  state  the  in- 
.strumeut  used  to  determine  the  slippage.  The  test  on 
pump  No.  7  in  1911  was  made  with  a  pitometer  whieh 
was  first  inserted  in  the  delivery  main  about  1(5  ft.  from 
a  right-angle  curve  within  the  building  and  at  certain 
portions  in  the  diameter  of  the  pipe  showed  a  minus  flow. 
Another  insertion  was  made  just  outside  the  building, 
which  was  also  found  unsatisfactory.  Still  another  in- 
sertion was  made  about  500  ft.  distant  from  the  pump. 
This  test  was  reported  to  be  satisfactory  and  showed  a 
slippage  of  43  per  cent.  It  may  also  be  noted  that  this 
pump  was  not  in  service  when  the  test  referred  to  was 
made,  but  was  laid  oH  for  the  renewal  of  valves;  a  leak- 
age was  known  to  e.xist  and  reported  before  the  test  was 
ordered.  The  cause  of  the  leakage  was  sand  getting 
under  the  rubber  disks,  probably  coming  from  a  connec- 
tion previously  made  to  the  intake  tunnel.  Xotwithstand- 
ing  the  large  slippage  reported,  this  pump,  running  alone, 
in  taking  care  of  the  night  demand  (which  is  always  uni- 
form) for  the  high  district  showed  a  loss  of  only  15  per 
cent,  compared  with  Xo.  8,  a  duplicate  pump  which  at 
the  test  showed  less  than  1  per  cent.  slip. 

By  men  who  have  made  a  study  of  the  pitometer,  it  is 
■usually  conceded  that  when  applied  to  a  straight  line  of 
pipe  of  uniform  diameter  and  manipulated  with  care,  the 
flow  may  be  determined  within  2  per  cent.  Where  it  is 
placed  near  curves  or  an  enlargement  or  decrease  in  the 
diameter  of  the  pipe,  the  results  are  not  reliable.  A  cer- 
tain pipe  may  be  rated  at  12,  20  or  30  in.  in  diameter, 
but  none  are  absolutely  of  the  required  dimensions,  de- 
pending on  the  core  maker  and  the  manner  of  pouring 
the  metal  in  the  foundry. 

The  most  reliable  method  we  have  found  so  far  to  de- 
termine the  leakage  in  an  outside-packed  plunger  pump 
in  everyday  practice  is  to  put  the  full  water  pressure  over 
the  suction  or  delivery  valve-deck  when  the  pump  is  stand- 
ing idle  and  examine  the  leakage  of  the  valves  underneath. 
By  this  means  a  practical  operating  engineer  can  deter- 
mine with  sufficient  accuracy  the  condition  of  the  valves, 
as  they  are  liable  to  leak  more  under  a  static  head  than 
wlien  in  regular  operation. 

The  present  administration  in  Milwaukee  has  now  a 
practical  survey  branch  of  the  water  service  conducted 
by  practical  men,  which  makes  a  thorough  examination  of 
all  unmetered  services  and  is  beginning  to  show  good  re- 
sults by  increasing  the  revenue.  Notwithstanding  the 
large  percentage  of  slip  reported,  the  gallons  per  capita 
have  been  gradually  increased  from  year  to  year. 

1910  gal.  por  day  to  population  supplied  (plunger  displacement) 100.0 

191 1  gal.  per  day  to  population  supplied  (plunger  displaeement) 111.9 

1912  gal.  per  day  to  population  supplied  (plunger  displacement) 113.2 

This  gradual  increase  has  been  the  experience  of  nearly 
all  large  cities  and  is  due  to  the  extension  of  large  manu- 
facturing industries  and  not  to  indilfcrent  o]>cration  or 
pump  slipitage  at  the  pumping  stations.  With  Mr.  Baer, 
I  believe  that  no  hard-and-fast  rule  can  be  laid  down  to 
determine  the  slii)]>age  of  a  pump,  as  the  conditions  may 
change  in  a  day  or  an  hour  by  the  displacement  or  break- 
age of  a  valve,  and  it  is  not  always  convenient  to  shut 
down  even  if  a  leak  is  apparent.  Tn  the  Milwaukee  water- 
works the  water  delivered  is  figured  slightly  below  the 
measured  disi)lacement  of  the  jjumps,  but  in  makiug  the 


annual  statement  the  superintendent,  in  accounting  for 
water,  allows  5  per  cent,  for  slippage  of  pumps.  The 
following  is  the  statement  for  the  year  1912 : 


Metered  consumption 

Unmetered  consumption 
Underregistration  of  meters.  , 
Slippage  ot  pumps  (assumed)  . 
W'ater  unaccounted  for 


Per  cent. 
65.71 
9.02 
3.00 


The  unaccounted-for  water  includes  unavoidable  leak- 
ages in  the  reservoir,  water  used  for  settling  trenches  in 
laying  15  miles  of  water  mains  and  water  used  for  set- 
tling about  2000  plumbers'  trenches  and  fire  cisterns,  all 
free.  The  balance  is  credited  to  leakage  in  the  distribut- 
ing system,  consisting  of  495  miles  of  water  mains  from 
4  to  42  in.  in  diameter.  It  may  be  seen  from  the  above 
data  that  the  pump  slippage  is  well  within  5  per  cent, 
throughout  the  year. 

Thomas  'ilcMii-LAx, 

Milwaukee,  ^\'is.,  Chief  Kiigiiieer  Pumping  Stations. 

Safeguarding  Economizers 

In  the  issue  of  Feb.  4,  is  an  interesting  editorial  en- 
titled, "Why  Do  Economizers  Explode ';"  The  writer  hav- 
ing come  in  contact  and  examined  a  great  many  econo- 
mizers, thinks  a  better  title  would  have  been,  "Why 
Don't  More  Economizers  Explode?" 

It  has  been  my  privilege  to  examine  economizers  that 
have  been  in  service  for  over  30  years  and  others  that 
\)ere  practically  new.  Many  of  them  were  not  doing 
anywhere  near  their  capacity  in  work,  due  principally  to 
neglect.  It  appears  to  be  the  general  rule  in  some  boiler 
houses  to  treat  an  economizer  as  though  it  were  merely 
a  feed-water  heater  instead  of  practically  being  a  water- 
tube  boiler.  I  have  noted  gases  entering  the  economizer 
chamber  at  considerably  over  600-deg.  temperature. 

Some  economizers  are  seldom  examined  or  cleaned 
externally  until  the  soot  has  banked  up  around  the  tubes. 
Naturally  the  draft  is  retarded  and  an  investigation  is 
then  made.  This  neglect  is  doubtless  because  the  work 
of  cleaning  out  is  so  disagreeable  and  dirty.  One  way 
to  avoid  frequent  soot  troubles  is  to  go  on  top  of  the 
economizer  each  day  and  see  that  the  scrapers  are  work- 
ing. If  they  are  not  it  is  only  a  few  minutes'  work  to 
release  and  operate  them  by  hand  until  they  work  freely. 
This  has  nothing  to  do  with  cxi)losions,  but  it  makes  it 
easier  to  note  any  defects  when  an  external  inspection  is 
made. 

An  economizer  should  be  thoroughly  cleaned  out  and 
examined  inside  once  a  year  and  attention  given  the 
safety  valve  at  all  times.  I  think  there  should  be  two 
safety  valves  on  each  economizer,  because  the  feed  water 
enters  it  from  a  heater  and  as  the  flue  gases  pass  through 
the  chamber  at  high  temperature  there  will  generally  be 
a  larger  quantity  of  scale  dei)osited  at  the  discharge  end 
of  the  economizer.  I  have  found  safety  valves  ])artly 
choked  witii  scale.  If  there  were  a  second  safetv  valve  on 
the  feed-water  inlet  end  it  would  be  quite  sure  to  work- 
because  very  little  scale  accumulates  at  this  point.  These 
valves  should  be  tried  daily. 

The  damper  nearest  the  stack  should  never  be  tight. 
An  inch  play  would  always  allow  gases  to  escape  from 
the  economizer  when  out  of  service,  but  the  damper  near- 
est the  boilers  should  always  be  tight.     Such  a  damper 
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is  often  made  of  thin  sheet  iron,  and  the  hot  gases  have 
a  tendenc}"  to  warp  it.  The  same  might  be  said  of  the 
flue  at  the  entering  end.  It  is  quite  common  to  iind  that 
the  damper  will  not  close  properly  because  the  flue  is 
bulged  in  at  the  center.  A  remedy  for  this  would  be  to 
have  light  iron  flues  braced  on  the  outside  with  angle 
or  tee  iron  near  the  damper. 

Very  rarely  does  an  economizer  explode  while  in  opera- 
tion. In  any  event  it  would  not  prove  disastrous.  If  one 
or  more  of  the  tubes  begin  leaking  the  water  will  run 
into  the  soot  pit  where  it  is  readily  noticed,  if  the  econo- 
mizer is  located  overhead.  If  the  soot  pit  is  below  the 
boiler-house  floor,  and  the  leakage  cannot  be  noticed,  the 
fireman  can  easily  tell  something  is  wrong,  as  the  soot 
becomes  damp  and  will  not  fall  into  the  soot  pit.  In- 
stead, it  will  bake  on  the  tubes  and  choke  the  draft. 

One  of  the  greatest  dangers  of  an  explosion  is  when  an 
economizer  has  been  laid  off  and  is  about  to  be  put  liack 
in  operation.  Then  the  greatest  care  should  be  taken  to 
see  that  the  tubes  and  headers  are  cool  before  filling  them 
with  water.  After  noting  that  the  economizer  is  full,  by 
opening  the  vent  valve  on  top,  the  stack  damper  should 
be  opened  and,  lastly,  the  main  damper  opened  to  the 
economizer  chamber. 

In  summing  up,  to  avoid  trouble,  first  keep  the  econo- 
mizers clean ;  secondly,  make  frequent  examinations  and 
above  all  see  that  the  safety  valves  are  in  good  working 
order. 

George  H.  Haxdley. 

Xewburgh,  X.  Y. 


If  the  high-temperature  feed  water  did  not  flash  into 
steam. 

If  the  leakage  of  gas  past  the  dampers  when  the  econo- 
mizer is  out  of  service  did  not  occur. 

If  excessive  pressure  did  not  build  up  in  the  feed  pipe 
and  in  the  economizer  proper. 

If  scale  did  not  form  in  the  headers  and  tubes,  caus- 
ing them  to  become  overheated  and  weakened. 

If  excessive  strains  resulting  from  unequal  expansion 
and  contraction  did  not  occur. 

Then  there  would  be  no  economizer  explosions. 

This  is  a  flat  statement  to  make,  nevertheless,  I  think 
those  familiar  with  economizer  engineering  will  agree 
\N"ith  the  writer.  Economizer  failures  can  generally  be 
traced  directly  to  one  of  the  five  basic  '"ifs."  It  sliould 
be  remembered  that  the  same  principle  applies  to  the 
operation  of  economizers  as  to  that  of  steam  boilers,  and 
they  require  the  same  care  and  attention.  The  tubes  and 
surface  must  be  kept  clean,  inside  and  out,  and  when 
closed  down  for  repairs  should  be  given  a  rigid  inspection. 
Because  of  the  comparatively  high  temperature  of  the 
feed  water,  considerable  scale-forming  matter  is  precipi- 
tated and  can  be  blown  off  at  the  economizer.  For  this 
reason  every  economizer  should  have  a  mud  drum  and 
proper  blowoff  connection.  There  should  also  be  a  water- 
pressure  gage  in  the  boiler  feed-water  line,  on  the  econo- 
mizer side,  with  a  water-relief  valve  on  the  economizer 
to  guard  against  excessive  pressure.  A  feed-pipe  pres- 
sure of  200  lb.  is  commonly  sufficient.  Any  sudden  rise 
in  the  economizer  pressure  would  be  quickly  detected  by 
the  fireman  by  merely  glancing  at  the  gage. 

Careful  records  should  be  kept  of  the  flue-gas  tempera- 
ture on  entering  and  leaving  the  economizers.  Very  high 
flue-gas  temperatures  sliould  be  avoided.  Many  plants  are 


producing  excellent  results  with  gas  entering  the  ecouo-  j 
mizers  at  considerably  less  than  500  deg.  I  consider  a 
tempera ttire  of  260  deg.  in  the  feed  water  going  to  the 
boilers  from  the  economizers  as  sufficient.  In  many 
plants,  however,  the  feed  water  enters  the  economizers 
at  210  deg.  and  leaves  at  2T0  or  2To  deg.,  and  this  is 
considered  well  within  the  limits  of  ordinary  operation. 

I  have  operated  several  large  economizer  installations 
and  I  must  admit  a  disposition  to  be  cautious  prompted 
me  to  always  closely  observe  the  details  of  their  opera- 
tion. I  am  convinced  that  at  extremely  high  tempera- 
ture the  feed  water  should  be  handled  with  care,  as  the 
large  heat  and  water-storage  capacity  of  the  economizer 
is  a  factor  to  be  seriously  considered. 

Many  engineers  consider  water-tube  boilers  and  econo- 
mizers immune  from  serious  explosions.  This  is  a  fallacy. 
However,  with  the  exercise  of  proper  care  and  skill  on 
the  part  of  those  in  charge  of  economizers,  together  with 
])eriodical  and  rigid  inspection  by  experts  during  con- 
struction and  operation,  economizer  explosions  should  be 
rare. 

Marietta,  Ohio.  W.  M.  Alkxaxdiu;. 


In  an  installation  of  economizers,  with  which  T  am 
familiar,  provision  has  been  made  to  eliminate,  so  far  as 
possible,  the  dangers  of  an  explosion,  due  to  an  excessive 
pressure.  The  economizers  are  outside  of  the  boiler  honsf 
and  across  the  smoke  flue  leading  from  the  lioiler  bouse 
to  the  chimney,  and  are  under  boiler  pressure.  The 
feed  water  is  supplied  by  an  electrically  driven  triplex 
power  pump. 

This  pump  runs  with  a  variable  speed  and  is  under 
the  control  of  a  boiler-house  attendant.  As  one  of  the 
three  plungers  is  always  on  the  discharge  stroke,  there  is 
a  steady  flow  of  water,  which  eliminates  shocks  to  the 
feed  line  and  economizers. 

A  relief  valve,  in  the  feed  line  near  the  pump,  pre- 
vents an  over  pressure.  This  valve  is  .set  to  open  at  sev- 
eral pounds  higher  than  the  blowing-ofl"  pressure  of  the 
boilers.  Each  economizer  has  a  spring-loaded  safety  valve, 
so  that  with  the  relief  valve  in  the  feed  lines  the  danger 
from  excessive  pressure  should  be  practically  eliminated. 

However,  the  best  safety  device  becomes  useless  if  neg- 
lected. The  safety  valves  on  the  economizers  should  re- 
ceive the  same  as,  if  not  more,  care  than  the  safety  valves 
on  the  boilers,  because  they  are  more  likely  to  stick,  due 
to  impurities  in  the  water. 

The  disk  should  be  raised  from  its  seat  daily.  This 
is  not  always  done.  Sometimes,  where  economizers  have 
been  cut  out  of  service  for  cleaning,  it  has  been  found 
that  the  passage  leading  to  the  valve,  and  also  the  tubes 
and  valve,  were  covered  with  a  soft  scale.  If  the  valve 
is  not  opened  the  scale  will  accumulate  until  the  valve 
refuses  to  operate. 

It  does  not  seem  to  be  generally  known  that  an  econo- 
mizer is  also  a  good  water  purifier.  The  bad  feature  is 
the  cleaning,  as  it  is  a  long,  tedious  job  to  remove  the 
scale  from  the  many  tubes.  Water  containing  sulphate 
and  carbonate  of  lime  will  precipitate  impurities  when 
heated  to  a  temperature  of  212  deg.  F.,  and  as  the  tem- 
perature of  the  feed  water  is  much  higher  these  impurities 
are  held  in  suspension,  but  will  gradually  settle  on  the 
tubes  and  headers. 

Edwin  C.  Millei;. 

Cleveland,   Ohio. 
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Kinds  of  Direct-Current  Generators — Into  how  many 
classes  may  direct-current  generators  be  divided  according 
to   the  methods   used   for   exciting   their   fields? 

E.  H.  I. 
Three — series    wound,   shunt   wound,   and    compound   wound. 

Removing;  Pump  Piston — How  should  the  piston  of  a 
duplex  pump  be  removed  from  the  rod  if  a  lead  hammei-  will 
not   effect   it? 

F.  S.    H. 
The  piston  and  rod  should  be  stood   up  vertically  and   the 

joints  liberally  moistened  with  kerosene  for  several  hours. 
Then  If  the  rod  cannot  be  driven  out  with  a  lead  hammer  a 
countersunk  driver  should  be  used  over  the  end  of  the  rod 
and  more  powerful  blows  struck  with  a  sledge.  When  using 
a  countersunk  driver  the  nuts  on  the  piston  rods  should 
be  run  out  to  the  end  of  the  screw  to  protect  the  thread. 


Increase  of  Horsepower — An  engine  develops  100  hp.  when 
running  at  75  r.p.m.  with  a  mean  effective  pressure  of  40  lb. 
If  the  mean  effective  pressure  is  increased  to  45  lb.  and  the 
speed  to  SO  r.p.m.,   what   will  be  the  power  developed? 

E.  H.  Q. 
The    power    developed    per    revolution    per    minute    and    per 
pound    of    mean    effective    pressure    is 
100  1 
=    —   hp. 


Then  at  SO  r.p.i 


and  45  lb.  pressure  it  will  be 
1 
—    X    SO    X    45    =    120    hp. 


Insertlne     Boiler     Tube What 

when  putting  a  tube   in  the   bottoi 


of 


cautions    are     necessar 
&  W.   boiler? 

F.    S.    H. 


Particular  care  should  be  taken  not  to  injure  the  hanging 
baffle  walls  or  main  bridge  wall.  In  expanding  the  ends  of 
the  tubes,  especially  the  rear  end,  care  should  be  taken  to 
have  the  tube  holes  kept  dry  and  clear  of  all  dirt  and  sedi- 
ment, so  that  there  may  be  no  leaks  at  the  lower  ends  when 
expanded  into  the  header  at  points  not  readily  inspected 
while  the  boiler  is  in  use.  In  cutting  out  the  old  tube  and 
expanding  the  new  tube,  the  same  general  precautions  should 
be  taken  not  to  injure  the  tube  hole  in  the  header,  as  always 
should  be  done  in  setting  any  of  the  tubes  of  such  a  boiler. 

Compressor  Horsepower — What  horsepower  is  required  for 
a  compressor  having  a  bore  of  12  in.  and  a  24-in.  stroke,  mak- 
ing 72  r.p.m.  and  delivering  against  a  pressure  of   180  lb.? 

J.    O.    B. 
The   horsepower  per   100   cu.ft.    of  free   air   compressed   per 
minute   may  be  found  from   the  formula 

Hp  =  1.511  P,   (R''=»  —  1) 
where 

P,  =  Pressure    of   free  air.   pounds   abs-olute; 

R  =  Ratio    ot    pressures    —    — 

where 

p„  —  Pressure    of  delivered    air.    pounds    absolute. 
Substituting    in    this    formula 

,  [  /194  7\0.29 
lip    =  1  .511  X  14  7  [(  f47y) 

per   ion  cu.ft.    of  free   air   per   min. 

From    the   dimensions   given    the   qua 
pressed    per   minute    would    be 
(12  X  12  X  0.7854)   X  21 

X    74    ) 

1728 
cu.ft.   per   min..   requiring 
203.426 
X    24.775    =    50.4 

inn 

The  Indicated  horsepower  required  to  b.'  developed  by  the 
steam  end  of  the  compressor  would  depend  on  Its  mechanical 
efficiency.  This  for  average  working  conditions  would  he 
about  85  per  cent.,  so  that  the  power  developed  by  the  steam 
end   would   be  about 

50.4  X  100 

59.3  l.hp. 

86 


1    =  L'l  77.'-.  hp. 


itity   of   free  air   com- 
;    2    -    203.426 

nit    hi). 


Combination  IDIectrie  Circuits — What  is  the  difference  be- 
tween series-multiple  and  multiple-series  as  applied  to  light- 
ing circuits? 

E.    R.    M. 

The  difference  in  the  wiring  is  shown  in  the  diagram  where 
in  each  case  the  12  lamps  involved  are  in  the  same  relative 
positions  the  better  to  emphasize  the  difference  in  their  con- 
nections. With  all  lamps  burning  the  effect  is  the  same  with 
either  system  of  wiring,  but  in  the  multiple-series  connection 
the  extinguishing  of  one  lamp  extinguishes  the  rest  in  that 
series  (i.e.,  in  this  ease  the  same  horizontal  line),  whereas 
putting  out  one  light  in  the  series-multiple  connection  does 
not  put  out  any  others.  It  does,  however,  make  the  other 
lamps  in  parallel  with  it  (i.e.,  the  same  vertical  line  in  the 
diagram,  burn  more  brilliantly  and  the  rest  less  brilliantly. 
The  reason  is  that  the  combined  current  which  passes  through 
four  lamps  in  parallel  must  go  through  three  lamps  in  the 
circuit    where    one     has    been    extinguished,    and,    conversely. 


only  the  current  which  can  get  through  the  three  lamps  is 
available  for  the  four-lamp  groups.  If  all  but  one  or  two 
lamps  should  be  extinguished  the  remaining  lamp  or  lamps 
would  be  likely  to  bui'n  out.  For  this  reason  this  system  of 
c<mnections  should  generally  be  avoided  unless  conditions  are 
such   that   excess   current    through    any   lamps   is    unlikely. 


AVater-Power  Calculation — ^\'hat  horsepower  will  a  sti-eain 
of  water  deliver,  entering  an  S-in.  pipe  2  in.  below  the  level 
of  a  lake,  with  a  head  of  20  ft.,  using  a  common  low-pressure 
turbine? 

E.    R.    F. 

The  most  water  that  could  get  into  the  pipe  would  be  that 
due  to  a  head  of  6  in.  (lake  surface  to  center  of  pipe)  entering 
an  aperture  S  in.  in  diameter,  for  if  the  head  of  20  ft.  in  the 
pipe,  by  suction,  tended  to  draw  the  water  in  faster,  the  sur- 
face of  the  water  immediately  over  the  pipe  would  cavitate 
and    air    would    be    drawn    into    the    pipe. 

The  velocity  of  flow  in  fe(  t  per  second  is  expressed  by  the 
formula 


V  =  ;/  2  gh 


ihlch 

2s  =  fi4.4 
h  -  Head    in    feet 


V  =  ■/  64.4  X  0.5  =  5.67  ft. 


per  sec. 


The  cross-sectional  area  of  an  S-in.  pipe  is  50.2S5  sq.in.  or 
0  34 !i    sq.ft. 

Based  on  experiments  with  a  variety  of  weirs  and  aper- 
tures, the  coefficient  of  discharge  may  be  assumed  to  be  62 
per  cent,  for  the  conditions  in  this  case.  Then  the  water 
passed    by    the    pipe   would    be 

5.67    X    0.349    X    0.62    -    1.2269  cu.ft.   per  sec. 
or 

1.2269    X    62.355    =    76,5033   lb.   per  sec. 
or 

76.5033    X    60    =    459n.l9S   lb.    per   min. 
With    a    head    of  20    ft.    this    would    develop 

4590.198    X20    =    91803.96   ft. lb.   per  min. 


91803.96 


-    2.7?    hp. 


33.onn 

As   ordinary   pood    lowhead   turbines   have   an   efficiency   of 
75  per  cent,  the  actual  or  brake  horsepower  realized  would  be 
2.78    X    0.75    -    2.09  b.hp. 


796 
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Analysis  of  Coal — III 

Making  the  Analysis 

You  have  uow  been  introduced  to  all  tho  ajijjaratus 
needed  in  making  a  proximate  aualysi.<  and  all  that  re- 
mains to  be  acquired  is  a  little  practice  in  handling  the 
equipment  and  running  the  actual  analysis.  Eun  live  or 
six  analyses  just  for  the  practice. 

From  the  outset,  remember  that  the  more  careful  and 
painstaking  you  are  with  the  work,  the  more  accurate  and 
reliable  will  be  the  results.  The  sample  dealt  with,  one 
gram,  and  the  differences  to  be  determined  in  the  weight 
of  that  sample  after  each  step,  are  so  small  that  it  requires 
but  a  slight  inaccuracy  to  throw  out  the  entire  work. 

Get  into  the  habit  of  following  exactly  the  same  process 
with  each  analysis.  Do  not  use  one  method  one  day  and 
then  vary  it,  even  slightly,  the  next.  Decide  by  experi- 
ment in  the  beginning  the  best  method  for  you  to  follow 
and  stick  as  closely  to  that  method  as  possible  with  all 
your  analj'ses.  The  object  of  this  advice  is  to  insure  uni- 
formity in  results.  If  you  use  one  method  one  day  and  a 
slightly  different  method  the  next,  the  results  arj  not  like- 
ly to  be  uniform.  And  what  you  want  is  a  fair  compari- 
son, one  day  with  another. 

A  good  method  to  follow  is  this :  Assume  that  a  5-lb. 
sample  of  the  coal  to  be  tested  has  been  collected  as  de- 
scribed in  Part  I.  Rule  off  a  form  on  which  to  record  the 
analysis.  The  one  shown,  already  filled  out,  in  Fig.  9 
is  convenient  but  may  need  slight  modifications  to  suit 
special  needs.  If  you  expect  to  analyze  coal  regularly,  it 
will  pay  to  have  the  form  printed  or  mimeographed. 

First,  see  that  the  crucible  is  thoroughly  clean  and  dry. 
Then  weigh  it,  together  with  its  cover,  as  accurately  as 
possible,  remembering  to  test  the  balance  first.  Weigh 
the  crucible  and  cover  before  every  analysis,  to  be  sure 
that  the  weight  is  accurate,  for  if  a  slight  chip  should 
break  off  from  either,  the  results  would  be  wrong  unless 
the  new  weight  of  the  crucible  were  used.  Enter  the 
weight  in  the  proper  space  on  the  report  sheet.  Then,  fill 
out  the  first  space  by  adding  one  gram  to  the  weight  of 
crucible  and  lid. 

When  weighing  it  is  not  necessary  to  wait  for  the  bal- 
ance to  come  to  rest  each  time ;  simply  notice  whether  the 
pointer  swings  uniformly  a  given  number  of  divisions 
each  side  of  the  center  line  on  the  scale.  But  be  sure 
that  the  swing  is  exactly  uniform.  Leave  the  crucible  in 
the  scale  pan  ready  to  receive  the  sample. 

Spread  out  the  5-Ib.  sample  on  a  clean  surface  (such 
as  a  piece  of  newspaper)  mix  thoroughly  and  quarter 
down  to  about  one  pound.  Put  this  quantity  through  the 
coffee  mill  once  or  twice,  grinding  as  fine  as  possible  with 
the  mill.  Again  mix  and  spread  out  thin  on  a  clean 
surface.  Then,  with  a  knife  blade,  select  small  quan- 
tities from  a  half  dozen  places  in  the  mass  and  put  them 
in  the  mortar,  thus  obtaining  about  one  ounce.  Crush 
thoroughly  with  the  pestle.  Sift  this  finely  crushed  sam- 
ple through  the  100-mesh  sieve  into  the  tray  that  comes 
\rith  the  latter.  If  any  of  the  sample  will  not  pass  through, 


put  it  back  into  the  mortal-  and  crush  until  practically 
all  passes  through. 

If  you  are  working  without  a  sieve  be  sure  that  the 
sample  is  crushed  fine  enough.  It  should  look  like  a  very 
fine  dust — so  fine  and  uniform  that  no  individual  par- 
ticles are  distinguishable. 

Now,  add  one  gram  to  the  weights  in  the  balance  and 
put  enough  of  the  powdered  sanqile  into  the  crucible  to 
again  restore  equilibrium. 

Put  the  crucible  (without  cover)  into  the  oven  and 
heat  to  110  deg.  C.  for  one  hour.  Keep  heat  as  uniform 
as  possible.  Xow,  quickly  transfer  the  crucible  to  the 
desiccator  and  allow  it  to  cool  off.  This  will  take  about 
10  min.  When  coiJl;"  weigh  crucible  (with  lid)  and  enter 
weight  in  the  second  space  on  the  report  sheet.  Subtract 
this  weight  from  the  one  above,  move  the  decimal  point 
two  places  to  the  right  and  enter  result  as  percentage  of 
moisture  in  the  proper  space. 

Xext,  place  the  crucible,  with  lid  on  and  in  an  unright 
position,  on  the  triangle  and  ringstand  over  the  burner, 
as  shown  at  the  left  in  Fig.  2.  Turn  the  flame  up  strong 
and  heat  the  crucible  for  full  7  min.  The  flame  should 
be  long  enough  and  placed  close  enough  to  the  crucible 
to  completely  envelop  it  and  shoot  above  for  a  distance 
of  an  inch  or  more. 

At  the  end  of  the  7  min.  remove  the  flame  and  transfer 
the  crucible  and  lid  to  the  desiccator  to  cool.  Inspect  the 
sides  of  the  crucible  to  make  sure  that  the  porcelain  in- 
sulators on  the  triangles  have  not  softened  under  the 
heat  and  left  small  particles  sticking  to  the  former.  If 
this  occurs  the  analysis  will  have  to  be  done  over,  as  the 
weighing  would  be  inaccurate.  If  this  occurs  frequently, 
a  "Xichrome"  wire  triangle  will  have  to  be  used  instead  of 
the  porcelain  insulated  one.  The  cost  of  one  of  this  kind 
is  about  35c.,  but  it  is  durable  and  will  not  stick. 

In  heating  to  drive  off  the  volatile  matter  a  black 
smudge  of  carbon  will  proliably  be  made  on  the  outside 
of  the  crucible.  Most  people  burn  this  off  before  trans- 
ferring to  the  desiccator  by  playing  the  flame  on  the 
sides.  I  am  not  going  to  advise  you  to  do  this  because 
unless  carefully  done,  it  leads  to  the  breakage  of  crucible 
or  lid,  thus  spoiling  an  analysis.  Besides,  the  error  caused 
is  so  very  slight  that  it  is  hardly  worth  the  trouble  taken 
to  eliminate  it,  and,  if  the  same  practice  is  followed  each 
time,  the  importance  of  the  error  is  still  more  reduced. 
However,  before  another  analysis  is  made  in  the  crucible 
both  it  and  the  lid  should  be  cleaned  by  carefully  burning 
off  this  carbon  deposit. 

When  the  crucible  is  cool,  weigh  and  enter  the  weight 
as  before.  The  loss  in  weight  this  time  represents  the 
percentage  of  volatile  matter  contained  in  the  coal. 

Xext,  place  the  crucible,  without  cover,  on  the  stand 
again,  only  this  time,  tilt  it  as  far  on  its  side  as  vou  can 
without  danger  of  any  of  the  contents  being  spilled  or 
blown  out.  Turn  the  flame  on  strong,  as  before,  and  heat 
thus  for  at  least  two  hours.  See  that  the  flame  concen- 
trates under  that  part  where  the  sample  lies. 
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At  the  end  of  the  heating,  oool  in  the  desiccator  and 
weigh  again  with  the  lid.  The  loss  in  weight  this  time 
represents  the  percentage  of  fixed  carbon.  And,  the  difler- 
euce  between  this  last  weight  and  the  weight  of  the  empty 
crucible  with  lid  represents  the  percentage  of  ash  in  the 
coal. 

The  analysis  is  now  finished  and  all  that  remains  i.- 
to  stow  the  apparatus  safely  away  until  next  needed  and 
to  calculate  the  analysis  of  the  dry  coal. 

The  analysis  which  we  have  just  completed  is  that  of 
the  coal  '"as  received."  Strictly  speaking,  it  is  not  the 
true  analysis  of  the  coal  as  received  because  some  of  the 
moisture  dried  out  while  the  sample  was  being  prepared 
for  testing.  Bitt,  as  long  as  about  the  same  length  of 
time  is  taken  up  in  preparing  the  sample  in  each  ca.se  and 
as  long  as  the  process  of  treatment  is  the  same,  the  error 
remains  about  the  same  and,  so,  we  may  call  it  the  ''as 
received"  analysis  and  do  no  particular  harm. 

With  some  grade.s  of  coal  whii-h  have  a  great  capacity 


PROXIMATE  ANALYSIS  OF  COAL 
Plant   ^r'=^^'^.<4rrr 

Car  Nos..^:  .'?:.%.7r.^-?<;.'??.'f./f.'^.'f^.   Total  Jons  in  Shipment. ./?.  .... 
Date  Rcceived^??r^  /'./.Date  Sample  Taken^,?.  ■'Z. Date   Analyied^  .'"'/. ?■? 

Crams 

Analysis 
of  Coal  as 
Received 

Analysis 
of  Dry 
Coal 

Wt.   of  crucible   and   lid 

XJ.  SIX^ 

Wt.  less  moisture 

X/.H4S 

Per  cent,  moisture 

7-7 

Wt.  less  volatile  matter   . 

J/,  /ey 

Per  cent.  vol.  matter 

x7-r 

30. /3l^ 

Wt.  less  fixed  carbon    .  . 

AO.  «^y 

Per.cent.  fixed  carbon 

SJ-o 

sy.f2. 

Wt.    of  'empty    crucible 

MS2X 

Per  cent,  ash 

ii.s- 

^■■¥6 

1 

Heat  value  of  dry  coal 

(by  calorimeter) B  l.u.  per  lb 

Heat  value  of  combust- 

.     Cost  of  Coal.  ». .  .  .  -rr-'?"  ...     per  ton 
No.  B  t.u.  P^'ohased       ■     .y, 
for  1  cent                  ^-^^V-- 

Heat  value  of  dry  coal 
(estimated). /-i^-r^... 
Heat  value  of  coal  as  j«c 
(estimated)  Jiij.'^A'. . . 

B  t  u    per  Ih 
*ivcd 
B.t.u.  per  lb 

Fifi. 
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for  al)S()rl)ing  moisture  it  is  necessary  tu  air  dry  llic  sam- 
ple before  it  can  be  pas^ied  througji  the  sieve.  In  such 
cases  if  extreme  accuracy  is  important,  a  preliminary  air- 
drying  test  must  be  made  and  the  moisture  thus  elimi- 
nated must  be  included  in  the  calculations.  But  as  this 
complicates  matters  somewhat,  1  do  not  recommend  that 
it  be  attempted  in  ordinary  work.  If  the  coal  will  not 
sift  through  the  sieve  readily  when  first  crushed,  it  may  "be 
allowed  to  stand  exposed  to  the  air  for  one-half  to  one 
liour.  A  better  method  to  emiiloy,  becau.'^e  it  insures  more 
uniform  analyses,  is  to  coar.sc  grind  a  sample  of  a  pound 
or  two  in  the  coffee  mill,  spread  it  out  in  a  thin  layer 
and  leave  it  exposed  to  the  air  at  70  to  80  deg.  F.  for  24 
boiir.s.  Tf  this  method  is  adopted  regularly,  the  term 
"air  dried"  should  be  substituted  for  "as  received" 
throughout  the  report  form  in  Fig.  V. 

To  figure  the  analysis  of  the  dry  coal  from  the  analysis 
of  the  "as  received"  sample,  simply  divide  the  ,jercent- 
age  of  volatile  matter,  fixed  carbon  and  a.«h  (each  in  turn) 
l)y  the  sum  of  all  three.  Thus,  taking  the  analysis  given 
in  Fig.  7,  the  sum  of  the  percentages  of  volatile  matter, 
fixed  carbon,  and  ash  is. 


27.8  -f  53  +  11.5  =  92.3 
This  sum  divided  into  the  percentage  of  volatile  matter 
gives 

27.8 

02.3 


30.12 


as  the  percentage  of  volatile  matter  in  the  dry  coal. 

The  reason  is  simple.     Let  us  assume  100  lb.  of  coal 

(if  the  analysis  given.    As  the  analysis  shows  7.7  per  cent. 

moisture,    7.7   lb.   is  water,  leaving  only   92.3   lb.  when 

ibc  coal  is  thoroughly  dry.    The  analysis  also  shows  27. !5 

lb.  volatile  matter  in  every  100  lb.  of  the  coal  as  received. 

Then,  what  fraction  of  the  dry  coal  is  the  volatile  matter? 

27.8 

J—;  =  (1.3012  or  3n.]-.i  pvr  rent. 

In  a  like  manner,  the  percentages  of  the  other  two  con- 
stituents, fixed  carbon  and  ash,  are  figured. 


Lighting  the  Panama-Pacific  Exposition 

The  Panama-Pacific  International  Exposition  is  sched- 
uled to  open  Feb.  20  and  continue  until  Dec.  4,  1915, 
while  the  Panama  Canal,  w-hich  it  commemorates,  will 
be  officially  opened  in  full  running  order  by  the  C4overn- 
ment  on  .Jan.  1  of  that  year. 

As  the  canal  will  afford  a  new  trade  route  for  the  com- 
merce of  the  Eastern  and  Western  Hemispheres,  the 
(piestion  of  devising  a  scheme  of  decoration  and  illum- 
ination that  would  not  only  distinguish  the  exposition  as 
unitiue  among  its  kind,  but  also  tyjiify  in  a  measure  the 
conditions  of  both  the  Orient  and  the  Occident,  .seemed 
of  utmost  importance.  W.  D'Arcy  Ryan,  director  of  the 
illuminating  laboratory  of  the  General  Electric  Co.,  was 
Mp])ointed  to  undertake  the  commission.  Something  new 
in  lighting  was  the  general  request,  and  it  is  Mr.  Ryan's 
intention  not  to  use  a  single  ])iece  of  lighting  that  haa 
ever  been  used  before.  There  will  be  no  dazzling  white 
exposition  or  outlining  of  buildings  with  incandescent 
liimps.  It  is  the  intention  to  make  the  exposition  a  city 
liih  with  color.  Tiic  ground  tones  will  be  about  the  color 
of  travertine  stone,  intensified  by  lighting  to  an  ivory 
yellow,  which  will  appear  almost  white  from  a  distance. 
Distinctive  tones,  .so  regular  that  they  will  blend  in 
varied  harmonies,  Pomiiiaii  red,  strong  Italian  blues,  ver- 
milion and  orange  tones  will  be  em])loyed  in  the  special 
color  scheme. 

The  exposition  grounds  contain  (525  acres  in  the  har- 
bor-view section,  forming  a  natural  amphitheater  over- 
looking San  Francisco  Pay.  In  composition  the  architec- 
tural ])lan  consi.sts  of  three  principal  elements,  that  of 
the  center  being  the  main  group  of  exhibit  palaces  and 
(be  (illicr  two  elements  balancing  on  either  .side.  To 
I  lie  v:\<\  lie  the  amusement  concessions,  while  to  the 
west  lies  the  small  city  of  foreign  government  pavilions 
and  state  buildings.  The  main  eN])osition  palaces  ocmipy 
over  100  acres,  covering  an  area  over  1000  ft.  long  by 
P2l)(t  ft.  wide.  The  central  block  is  divided  by  three  mag- 
nificent courts  developed  longitudinally  north  and  south. 
They  are  called  the  Festival  Court,  or  tlie  Court  of 
.Mmndance,  the  Crand  Court  of  Honor,  or  the  Court  of 
the  Sun  and  Stars,  and  the  Court  of  the  Four  Seasons. 
The  Court  of  the  Sun  and  Stars  will  ,«tand  out  as  a  bril- 
liant architectural  ex])ression  distinguished  by  the  majes- 
lic  scale  of  its  architecture  and  the  splendor  of  its  color 
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effect.  The  tower  at  the  southern  entrauee  will  he 
studded  with  50,000  jewels,  diamonds,  topazes,  rubies 
and  sapphires,  which  will  sparkle  at  night  in  the  rays 
from  batteries  of  searchlights.  Jewels  will  also  be  used 
wherever  they  can  add  to  the  beauty  of  an  architectural 
line  or  surface  or  sculptured  form.  They  will  be  sus- 
pended iipon  delicate  springs,  so  that  the  least  vibration 
from  the  wind  or  machinery  or  even  the  tramping  of 
feet  may  keep  them  in  constant  motion  and  set  them 
flashing. 

In  the  court  will  be  two  immense  fountains,  one  sig- 
nifying the  spirit  of  the  East,  and  the  other  the  spirit  of 
the  West,  brought  together  through  the  Panama  Canal. 
At  night  the  court  will  be  illuminated  from  the  foun- 
tains. They  will  be  constructed  of  dense  white  glass, 
and  within  each  will  be  concealed  72  luminous  arc  lamps. 
When  the  arcs  are  lighted  the  entire  surface  of  the  foun- 
tain will  become  luminous,  flooding  the  court  with  a 
softly  diffused  white  light. 

In  the  courts  there  will  be  various  great  mural  iiaiiit- 
ings,  which  will  be  illuminated  by  concealed  lamps  set 
into  the  pillars  fronting  them,  a  special  tubular  lamp  hav- 
ing been  perfected  for  the  fluted  columns.  The  lamps  and 
reflectors  are  made  small  enough  to  insert  into  the  flute, 
and  on  smooth  columns  three  lamps  will  be  inserted  at 
heights  of  about  10,  30  and  30  ft.,  and  partially  concealed 
by  reflectors.  The  illumination  on  the  paintings  will  be 
controlled  in  intensity  by  changing  the  size  of  the  irnits 
and  the  curvature  of  the  reflecting  surfaces.  By  intro- 
ducing colored  bulbs  any  color  effect  may  be  obtained. 

Throughout  the  grounds  ornamental  luminous  arcs 
will  be  used  and  fitted  with  dense  globes,  so  that  it  will 
be  possible  to  look  at  them  directly  without  injury  to  the 
eye.  Inclosed-flame  arc-lam])s  will  l)e  used  extensively 
for  indoor  lighting. 

There  will  be  electric  fountains,  but  no  water  will  be 
used;  instead,  smoke  and  steam  will  be  sent  into  the  air, 
and  will  glow  from  the  rays  of  the  scintillator.  A  locomo- 
tive mounted  on  a  steel  turntable  will  supply  the  smoke 
and  steam.  If  experiments  now  being  made  prove 
successful,  thousands  of  large  soap  bubbles  will  be  re- 
leased from  a  large  blower  and  float  into  the  air  to  pass 
through  the  rays  from  the  searchlights.  Quantities  of 
cloth  balls  will  also  be  .-^ent  up  into  the  air  and  will  glow 
with  ever-changing  color  combinations  in  the  jirojected 
beams  of  colored  light. 

The  large  electric  scintillator,  which  will  be  anchored 
on  barges  in  the  bay  SOO  yards  from  the  shore,  will  con- 
sist of  a  battery  of  48  searchlights  aggregating  over 
four  billion  candlepower  and  have  36-in.  ])arabolic  mir- 
rors. The  lights  represent  the  48  states,  and  will  require 
60  men  to  operate  them. 

That  the  exposition  in  its  entirety  will  leave  a  lasting 
impression  of  its  greatness  and  grandeur  on  the  many 
thousands  of  visitors,  both  from  this  country  and  abroad, 
is  assured.  It  will  be  a  fitting  and  adequate  expression  of 
the  opening  of  the  new  great  way  to  the  East  and  the 
West.  But  the  impression  of  newness  that  will  charm 
and  linger  long  with  the  visitor,  will  be  the  combined 
decorative  and  lighting  scheme. 

The  energetic  fight  being  made  for  new  business  by  the 
Quebec  Railway.  Light  &  Power  Co.  and  the  Dorchester  Elec- 
tric Co..  of  Quebec,  is  reflected  in  the  reduction  of  rates  made 
by  the  former  company  from  15c.  to  7c.  per  kw.-hr.  The  Dor- 
chester Electric  Co.  announces  its  intention  of  meeting  the 
cut   by   making  its    base   rate   for   energy   6c.    per   kw.-hr. 


OVER    THE    SPILLWAY 

JUST      JESTS,     JABS,     JOSHES     AND     JUMBLES 


"^^'hat  becomes  of  the  water?"  asks  a  correspondent.  ^Vhy. 
the  hydro,  people  utilize  a  good-sized  bunch  of  it;  some  of 
it  is  tucked  away  in  boilers  and  dams;  it's  sometimes  used 
for  bathing  purposes;  some  people  have  been  known  to  drink 
it;    and —     Say.    what   are    you    trying   to    do.   anyhow;    kid   us? 


Horace  DaVwin,  the  British  aeronautic  expert,  says  that 
"if  the  birds  knew  how,  they  would  copy  the  Wright  biplane." 
The  birds  know  too  much  already,  Hoddy.  Wish  you'd  been 
with  us  to  the  band  concert  in  the  park  last  Sunday  after- 
noon. We  sat  under  one  of  those  Longfellow  spreading 
chestnut  trees,  and  our  new  straw  kelly  with  the  green  bo^v 
in  the  back  was —  On  second  thought,  we  agree  with  Hoddy 
that  the  birds  ain't  got  the    (W)right  idee. 


"He  lighted  his  pipe  and  then  sat  on  his  chest,"  contends 
a  magazine-story  writer.  In  our  kid  daj'S  we  sneaked  under 
the  flap  of  the  circus  tent  and  witnessed  some  thrilling  con- 
tortions,   but    we    can't   quite    figure    out    this    chest    stunt. 

Glad  to  know  that  somebody  can  get  away  from  old  man 
Consequence.  A  correspondent  in  the  "Engineering  and  Min- 
ing Journal"  says  that  one  of  the  qualifications  of  a  consult- 
ing engineer  is  "a  diabolical  ingenuity  in  escaping  conse- 
quences."    Anyone  step  on  your  ingrowing  toe  nail,  sonny? 


Bully  publicity  work  is  being  done  by  the  National  Asso- 
ciation of  Building  Owners  and  Managers.  When  it  starts  out 
to  do  anything,  people  hear  about  it  and  all  about  it.  Some 
corking  good  papers  are  promised  for  the  Cincinnati  con- 
vention on  office-building  power-plant  operation,  smoke 
abatement,  furnace  operation,  etc.,  wi-itten  by  "the  man  on 
the  job,"  When  you  know  something  good,  holler  about  it" 
is   pretty    near    the    size    of   their    slogan. 


The  scarcity  of  garbage  cans  in  Hickman,  Ky.,  prompted 
the  local  electric-light  and  ice  company,  when  it  bought  new 
ice  cans,  to  give  the  old  ones  to  the  city  for  garbage  reposi- 
tories. This  is  a  very  pretty  sentiment  coming  from  a  cen- 
tral-station company.  It  might  have  sold  them  but  no, 
Hickman  "suffered  considerably"  for  garbage  cans,  and  (an- 
other touching  sentiment),  as  the  "Electrical  World"  says, 
the  cans  will  "serve  as  a  constant  reminder  of  the  desire  of 
the  company  to  cooperate  wherever  possible  for  the  good  of 
the  community."  You  wouldn't  think  a  garbage  can  could 
awaken    such    kindly    sympathy    and    generous    action! 


S.  Kirlins  been  curlin'  up  a  few  with  a  laugh  in  em.  If 
you  think  they're  a  leetle  out  of  focus,  you've  mistaken,  for 
he's  photographing  for  the  loway  trade,  and  you  can't  fool 
loway   when   it   comes   to   pictures — or   jokes.      Read   'em! 

Jimmy  Maloney,  th'  little  feller  thet  iles  over  to  th'  powei' 
house  hit  th'  chief  fer  a  day  oft  one  day  last  week;  sed  his 
grandma  hed  died   an'   he  hed   to   help  bury  her. 

Th'  chief  told  him  he'd  let  him  off  this  time,  but  he'd 
noticed  thet  th'  old  lady  hed  a  habit  uv  doin  her  dyin'  act 
e"\'ery  year  just  before  th'  day  uv  th'  openin'  .game  on  th'  home 
grounds  an'  he  wished  Jimmy  wud  arrange  with  her  to  put 
it  off  'till  some  other  time,  an'  it  might  not  be  necessary  fer 
him   to  hev  to  help  bury  her. 

Old  Hal  Mossback's  biler  busted  t'other  day  an'  blowed 
Hal  clean  over  th'  hobble  skirt  factery  an'  he  kum  down 
straddle  uv  a  telephone  cable  in  front  uv  Hennessy's  booze 
emporium. 

Th*  boss  told  him  he  reckoned  he  jist  went  in  that  direc- 
tion  'cause    he'd    got   used    to   doin'    it. 

Bill  Grimes  ast  Hal  how  it  felt  to  git  blowed  up.  Hal 
sed  he  didn't  notis  anything  unusual  'bout  it;  sed  he'd  bin 
stayin'  down  town  late  nights  fer  a  spell  an'  th'  old  lady 
hed    sorter    got    him    used    to    it. 

Sid  Diggles  ast  th'  Boss  ef  he  cud  git  out  uv  th'  ingin  room 
fer  a   spell   while   he   went   to   git   married. 

Th'  boss  hummed  an'  hawed  fer  a  spell,  an'  then  told  him 
thet  he  cal'lated  he  cud  do  it  this  time,  but  not  to  let  it  hap- 
pen   too    often. 
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Experiments  on  Efficient  Boiler  Operation 


Bv  i>.  W.  IiooowsKi 


SYXOPSfS — An  account  of  the  change  made  in  a  boiler 
flant  to  improve  the  efficiency.  An  anali/sis  of  five  gases 
showed  a  gain  of  from  6  per  cent,  to  ll.S  per  cent.  CO-^. 

More  prevental)lo  lo.sses  were  occurring  in  our  boiler 
liouse  than  at  any  other  part  of  the  power  plant.  Ex- 
periments were  conducted  to  determine  siich  operating 
conditions  as  would  reduce  these  losses.  The  steam-gen- 
erating equipment  consists  of  nine  boilers,  representing 
four  types  whose  aggregate  rated  capacity  is  2600  boiler 
horsepower.  The  reciprocating  engines  have  a  capacity 
of  2600  hp. 

The  processes  of  combustion  were  analyzed  and  it  was 
determined  that  the  heat  losses  attending  the  combustion 
of  fuel  were : 

Loss  in  the  dry  chimney  gases. 

Loss  due  to  incomplete  combustion. 

Loss  of  fuel  through  grates. 

Moisture  in  the  fuel  and  air, 

Loss  due  to  the  presence  of  hydrogen  in  the  fuel, 

Unburned  fuel  in  the  form  of  soot  or  smoke 

Radiation  and  other  secondary  losses. 

The  greatest  loss  is  the  heat  carried  away  by  the  escap- 
ing chimney  gases,  part  of  which,  usually,  is  preventable. 
The  total  loss  in  the  dry  chimney  gases  in  best  practice 
averages  25  per  cent,  of  the  total  heat  generated  from 
the  fuel;  always,  however,  a  loss  of  approximately  I" 
per  cent,  of  the  total  heat  value  of  the  fuel  is  unavoid- 
able and  represents  the  cost  of  moving  the  gases.  This 
loss  was  calculated  as  follows: 

Assume  the  air  supply  to  be  theoretically  correctly  pro- 
)>ortioned  to  the  amount  of  coal  burned,  i.e.,  11.5  lb.  per 
])ound  of  combustible:  atmospheric  temperature,  60  deg. 
F. ;  stack  temperature  at  the  base.  150  deg.  F. ;  specific 
heat  of  the  flue  gases.  0.24.  Then  the  heat  carried  away 
by  the  least  iwssible  weight  of  chinniey  gases  with  per- 
fect coniiiustion  and  the  conditions  s])ecifie(l  above  would 
be 

(11.5  +  1  )  X  (-too  —  60)  X  "-S^  =  11^0  B.t.ii. 

With  fuel  having  a  calorific  value  of  12,500  B.t.u.  per 
pound  this  lileaiis  an  unavoidable  hiss  of 

_li^^  X  100  =  !..:if;  per 
12,500  ^  ' 

The  remaining  15.6!t  per  cent,  loss  i; 
air  necessary  for  complete  combustion 
from  50  to  100  per  cent,  excess  air. 

For  any  boiler  installation  the  most  economical  ])cr- 
centage  of  excess  air  dei)ends  upon  the  size  and  nature  ol 
the  fuel,  the  thickness  of  the  fuel  l)ed,  the  frequency  of 
cleaning,  the  intensity  of  draft  and  the  character  of  the 
grate.  Although  the  loss  in  the  best  practice,  due  to  ex- 
cess air  is  15  per  cent,  of  the  total  heat  content  of  thi' 
fuel,  it  often  is  as  high  as  10  per  cent. 

i\v  determining  the  fuel  value  of  ashes  it  was  foiiiHl 
that  the  loss  of  fuel  through  the  grates  was  approxi- 
mately '.>,  i)er  cent,  of  the  calorifii-  value  of  the  fuel.  Xo. 
1  buckwheat  coal  was  burned  on  stationary  grates  of  the 
herringbone  type,  with  air  spaces  %  in.  wide.  Tiie  jn-es- 
eiice  of  about  8  per  cent,  of  moisture  in  the  fuel  is  equiva- 
lent to  a  loss  of  1  per  cent,  of  the  total  heat  value  of  the 
drv  fuel  for  the  average  conditions  of  the  plant . 

The  fuel  lo.ss  through  the  grate  bars  and  thai  due  to 
the  moisture  in  tiie  coal  were,  however,  regarded  as  in- 


enl. 

due  to  the  excess 
This  represents 


appreciable  compared  to  other  existing  losses  which  were 
about  to  be  attacked.  We  began  by  studying  the  operat- 
ing conditions,  leaving  the  correction  of  any  appreciable 
losses  due  to  fixed  conditions  for  a  later  date. 

We  realized  that  economy  in  the  boiler  room  depended 
largely  on  the  choice  of  coal  adaptable  to  the  plant  con- 
ditions and  which  would  generate  the  greatest  amount  of 
heat  at  the  lowest  cost  for  handling  and  consumption. 
Also  to  provide  operating  conditions  which  would  permit 
of  the  coal  being  burned  with  the  highest  commercial  effi- 
ciency. 

We  were  justified  in  using  Xo.  1  buckwheat  as  our 
grates  had  a  25  per  cent,  air  space,  making  them  satis- 
factory for  this  small  size  of  coal.  The  furnaces  are 
wide  and  deep  with  a  high  ratio  of  grate  area  to  the 
heating  surface. 

The  stacks  are  150  ft.  high  and  the  draft  at  the  base 
is  1  in.  of  water.  Auxiliary  draft  is  provided  by  turbo- 
undergrate  draft  fans.  The  firemen  are  skilled  and  in- 
telligent. The  boiler  load  curves  are  such  as  require  a 
coal  consumption  of  approximately  17  II).  per  square  foot 
of  grate  area  per  hour. 

Several  lurnaces  had  flexible  air-cooled  and  self-sup- 
porting arches.  Since  Xo.  1  buckwheat  is  very  low  in 
volatile  matter,  6  per  cent.,  it  requires  relatively  little 
surface  air  and  the  air  inlets  to  the  arch  must  be  ad- 
justed accordingly.  Each  boiler  setting  was  tested  for 
tightness,  first  by  candle  flame  and  then  by  burning  very 
smoky  fuel  in  the  furnace,  shutting  off  the  damper  and 
all  ordinary  connections  of  the  furnace  to  the  atmosphere, 
when  the  smoke  issued  from  the  crevices.  Two  boiler 
settings  were  found  very  leaky  and,  before  making  re- 
pairs, samples  of  the  flue  gas  were  taken  and  analyzed, 
resulting  in  li  per  cent.  CO.,  11.2  per  cent.  O^  and  O.it 
per  cent.  ('().  The  stack  temperature  at  the  base  was 
790  deg.  F. 

After  resetting  the  boilers,  the  enormously  high  stack 
temperature  was  found  to  be  caused  by  heavy  deposits 
of  soot.  Soot  blowers  were  installed  on  a  350-hp.  hand- 
fired  water-tube  boiler,  which  was  receiving  attm.  ion. 
and  the  sample  of  flue  gas  taken  gave  an  analysis  of  1  l.s 
per  cent.  CO.,  8.8  per  cent.  0,  and  no  CO.  The  tem- 
perature at  the  base  of  the  stack  was  525  deg.  F. 

These  results  show  an  enormous  increase  in  the  rate 
of  heat  transfer  and  consequently  in  boiler  efticiency 
brought  about  by  cleaning  the  lubes.  Methods  of  firing 
were  next  ijivcstigated.  The  practice  was  to  carry  thin 
lires.  fire  fnquently  and  to  cover  the  entire  fuel  bed  at 
(iue  time.     The  furnaces  have  four  firing  doors. 

Kx]ieriinenls  wiih  the  thickness  of  the  fuel  bed  were 
made,  for  it  was  evident  that,  having  estalilished  the 
(piiility  and  size  of  fuel  and  the  intensity  of  draft,  there 
was  a  certain  deiith  of  fuel  for  each  furnace  which  would 
give  the  most  efficient  results.  After  many  experiments, 
over  a  long  period,  a  I'/j-in.  lied  was  found  most  elli- 
cieiit.  on  inrriiigbone  grates  with  a  draft  at  the  base  of 
llie  stack  of  1  in.  of  water  and  thai  thi'  fuel  thickness 
(■orrr>]iond(  il  to  a  coal  consumittion  of  IS  lli.  of  coal  ])er 
>(|uare  fool  (if  grate  surface  ])er  hour.  The  fuel  bed  was 
iliicki'Mcd.   firings  were  ordered   to  ocnii'   less  frequently 
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and  the  results  indicated  a  further  inesease  in  ecouoniy, 
due  to  a  good  setting,  clean  heating  surface  and  an  elfi- 
cient  thickness  of  fuel  bed. 

Auaivsis  of  the  flue  gas  still  indicated  a  trace  of  CO. 
Desiring  to  make  combustion  more  complete,  alternate 
firing  was  tried,  i.e.,  firing  only  one  side  of  the  double 
furnaces  at  a  time;  this  gave  the  desired  result.  The  in- 
candescent bed  on  one  side  of  the  furnace  appeared  white 
or  very  faint  yellow  and  the  excess  air  was  highly  pre- 
heated in  passing  throvigh  it.  The  other  side  of  the  fur- 
nace contained  the  bed  of  green  coal  and  this  appeared 
blue  when  CO  was  being  generated  and  burning. 

The  combination  of  this  highly  preheated  air  and  car- 
bon monoxide  at  the  bridge-wall  secured  complete  com- 
bustion. An  abstract  of  the  log  indicates  the  effect  upon 
liue-gas  analysis  and  stack  temperature  of  various  con- 
ditions and  devices  introduced. 


Flue   Gas  Analys 


Stack 


Remarks 

when      experiments 


Per  cent,   of  Volume        TemperL 
CO,  O,  CO     ture,  Deg.  F. 

6  0  14.2         0  9  7!)0         Conditic 

undertaken. 

7.2  10  0  0  0  7(50  Clinker  removed:  fire  cleaned  excess  air 

reduced  by  removal  of  ash. 
12.00  4  0         0  0  025         Fuel  bed  thickened,  damper  i  open,  both 

sides  of  furnace  fired  at  once. 
13.0  4  0         0.0  600         Tubes  blown,  same  condition  as  above. 

9.8  S  2         0  4  .590         Just  after  covering  both  sides. 

9.4  10  4         0  0  550         Air  holes  6-4  in.  dia.  holes  opened  wide: 

tubes  in  clean  condition. 
10  ()  7  5         0  0  500         .\ir  holes  normal  sizes,  i  in.  dia. 

14-0  3.0         0,0  470         .Air  holes  closed  almost  entirely,   tubes 

just  blown:  thickened  fuel  bed. 

Observations  show,  and  the  general  conclusions  are, 
that  the  most  eflBcient  method  of  firing  double  furnaces 
with  anthracite  coal  is  to  fire  each  side  separately  and  at 
alternate  intervals.  The  method  known  as  "spot  firing" 
has  been  established  as  standard  here.  The  frequency  of 
cleaning  depends  upon  the  rapidity  of  combustion  and 
upon  the  percentage  of  ash  in  the  fuel.  For  the  condi- 
tions outlined,  two  cleanings  in  ten  hours  have  proved 
most  satisfactory. 

As  anthracite  coal  tends  to  break  up  into  fine  frag- 
ments when  burning,  the  fire  must  not  be  disturbed  ex- 
cept when  cleaning,  or  the  percentage  of  uuburned  fuel 
in  the  ash  will  be  excessive.  The  luminosity  of  the  flame 
at  the  first  bank  of  tubes  may  be  regarded  as  a  fair  in- 
dicator of  the  proper  thickness  of  fuel  bed.  A  luminous 
flame  is  one  in  which  incandescent  carbon  exists  and  its 
presence  in  the  flame  indicates  too  little  air  for  good 
combustion;  the  fuel  bed  must  be  thinner,  or  a  readjust- 
ment of  the  surface  air  will  be  necessarv. 


It  is  perhaps  not  very  well  known  that  altitude  has  its 
effect  upon  machinery  as  well  as  upon  the  human  being, 
l)articularly  upon  the  efficiency  of  gas  and  oil  engines, 
says  The  Isolated  Plant.  The  atmosphere  is  so  thin,  com- 
paratively, that  a  given  compressing  stroke  of  the  piston 
of  the  gas  engine  results  in  much  less  compression  and  in 
this  manner  the  engine  loses  in  efficiency.  Also  the 
smaller  amount  of  ox3'gen  in  the  cylinder  results  in  a 
smaller,  con.sumption  of  the  residue  in  the  oil  engines. 

An  engine  that  in  Chicago,  St.  Louis  or  Xew  York 
had  produced  75  hp.  could  do  no  better  than  40  hp.  in 
South  America,  where  the  altitude  was  11,000  to  13,000 
ft.  above  sea  level.  To  obtain  the  7.5  hp.  it  would  re- 
quire an  engine  of  110  hp. 

The  rarer  atmosphere  also  makes  necessary  an  es- 
sentially different  construction  in  electrical  devices. 


American    Society   of    Mechanical 
Engineers'  Baltimore  Meeting 

Disappointingly  small  was  the  iiuiiilicr  in  attendance, 
not  quite  three  hundred,  at  the  meeting  of  tiie  American 
Society  of  Mechanical  .Engineers  in  Baltimore,  Md., 
May  20  to  23.  After  the  elaborate  and  painstaking 
preparations  made  by  tlie  local  engineers  to  entertain  the 
society  it  was  regrettable  more  were  not  there.  The  ap- 
proaching joint  meeting  in  Germany  with  the  Vereiu 
Deutscher  Ingenieure  kept  many  away  from  Baltimore 
for  the  party  will  sail  June  10,  only  a  little  more  than 
two  weeks  after  the  close  of  the  Baltimore  meeting. 

The  professional  sessions  were  of  considerable  general 
interest,  but  only  one  of  the  papers  was  of  much  real 
moment  to  the  power  field — '"Present  Operation  of  Gas 
Engines  Using  Blast  Furnace  Gas  as  Fuel,"  by  Charles 
C.  Sampson  of  the  Illinois  Steel  Co.  A  rather  full  ab- 
stract of  this  paper  will  appear  in  the  Gas  Power  De- 
partment  of  the   next   issue. 

The  principal  discussion  was  ofl'prcd  by  Frederick  C. 
Wagner,  which  referred  especially  to  gas  cleaning  and 
described  two  successful  cleaners  used  abroad,  the  Fehl 
and  the  Schwartz  cleaners.  More  concerning  this  dis- 
cussion will  be  given  in  a  later  issue. 

The  meeting  was  opened  Tuesday  evening  in  the  tea 
room  of  the  Hotel  Belvedere  with  an  informal  recep- 
tion by  the  officers  of  the  Engineers'  Club  of  Baltimore. 
An  address  of  welcome  was  made  by  the  mayor,  and 
response  for  the  society,  in  the  absence  of  President  AV. 
F.  M.  Goss,  by  Past-President  Oberlin  Smith.  R.  Keith 
Compton,  president  of  the  Engineer.s'  Club  of  Baltimore, 
presided  and  a  short  account  of  the  engineering  history 
of  Baltimore  was  given  by  Mendes  Cohen,  a  veteran 
engineer  of  the  city. 

Wkdnespay 

The  business  session  coiivened  Wednesday  morning. 
Some  time  was  spent  discussing  a  proposed  code  of 
ethics  for  engineers  and  a  good  deal  of  difference  of 
opinion  was  brought  out ;  first,  as  to  whether  a  need  for 
one  exi.sted ;  second,  if  there  was  one,  if  it  would  be  re- 
spected and  followed  by  the  profession;  other  points  were 
taken  up  regarding  individual  clauses  in  the  proposed 
code.  So  great  were  the  differences  of  opinion  regard- 
ing it  that  it  was  finally  decided  to  submit  the  code  to 
the  entire  membership  by  letter  ballot  and,  when  defi- 
nite recommendations  could  be  made,  to  submit  a  code 
to  the  Council  for  action — rpreferably  adoption. 

The  desirability  of  adopting  the  myriawatt  (10,000 
watts)  as  a  standard  unit  of  power,  first  advanced  by 
H.  G.  Stott  and  Haylett  O'Xeill  last  year,  as  noted  in 
Power,  Aug.  27,  1912,  was  defended  by  Mr.  Stott 
against  the  criticisms  offered  by  Willian  Kent  and  George 
H.  Barrus.  Against  the  argument  that  introducing  a  new 
unit  only  added  to  the  number  in  use  and  complicated 
rather  than  simplified  matters,  Mr.  Stott  indicated  that 
the  myriawatt  is  not  a  new  unit  but  a  little-used 
multiple  of  an  old  one  that  would  be  more  convenient 
to  use  than  horsepower  and  has  the  advantage  that  its 
\alue  very  closely  coincides  with  one  boiler  horsejjower. 
More  concerning  the  discussion  of  the  myriawatt  will 
appear  in  a  later  issue. 

In  presenting   bis  jiapcr  on   a   "Tost  of  a   Hydraulic 
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Butfer,"  Carl  Schwartz  used  the  lantern  and  showed 
views  of  the  installation  of  hydraulic  butters  for  arresting 
trains  in  the  Grand  Central  Station  and  curves  plotted 
to  show  the  pressure  built  up  in  the  buffers  in  given 
ehqjsed  periods  when  a  train  impacts  on  a  buffer. 

Kdwin  J.  Prindle  called  attention  to  a  matter  of  much 
concern  to  many,  namely,  the  present  danger  of  a  modi- 
fication of  the  patent  laws  that  will  divest  the  inventor 
of  rights  he  now  enjoys,  and  in  the  author's  opinion,  to 
which  he  is  justly  entitled.  His  paper  outlined  the  cases 
which  had  brought  up  the  matter  of  new  legislation  and 
showed  the  dangers  in  the  anticipated  enactments.  It 
was  urged  that  the  society  as  a  body  and  members  in- 
dividually communicate  with  congressmen  and  protest 
against  the  measures  now  in  prospect  of  being  adopted. 
A  vote  was  passed  that  the  Council  be  requested  to  for- 
ward such  an  official  protest  in  the  form  of  resolutions. 

Theodore  W.  Johnson  in  his  paper,  "Shading  in 
Mechanical  Drawing,"  ollVred  rules  for  making  the  prac- 
tice standard. 

"Cost  of  Upkeep  of  Horse-Drawn  Vehicles  Against 
Electric  Vehicles,"  by  W.  li.  Metz,  brought  out  the  most 
valuable  kind  of  information  in  relation  to  trucking. 
Experience  in  the  comparative  costs  of  the  two  modes  of 
transportation  is  the  best  guide  to  those  contemplating 
a  change  of  equipment.  The  author's  conclusion  was  that 
motor-driven  vehicles  are  unquestionably  cheaper  than 
horse-drawn  vehicles  where  a  numljcr  are  used  and  that 
the  only  question  is  to  decide  between  electric  and  gas- 
oline trucks.  Electric  trucks  seem  to  cost  less  to  main- 
tain, but  gasoline  trucks  have  a  greater  radius  of  action. 

In  the  afternoon  the  city  fire  department  gave  a 
demonstration  of  the  high-pressure  fire  system.  Two 
motor  wagons  with  three  streams  each  were  supplied  with 
water  from  a  single  combination  outlet  under  a  pressure 
of  between  250  and  300  lb.  The  pumping  station  was 
also  inspected. 

After  this  a  sail  around  the  harbor  was  taken  on  the 
municipal  steamer,  "F.  C.  Latrobe."  While  passing  the 
fire  boat  "Deluge,"  the  latter  was  put  in  action,  throwing 
eight  streams  simultaneously. 

A  fascinating  lecture,  entitled  "Around  the  World  in 
Eighty  Minutes,"  was  delivered  by  the  lion.  0.  P.  Austin, 
secretary  of  the  National  Geogra]>iiic  Society,  in  the 
evening.  It  was  profusely  illustrated  mainly  with  mov- 
ing pictures  taken  in  all  parts  of  the  world. 

Thur.sdav 

The  entire  session  Thursday  morning  was  given  to  the 
subject  of  Fire  Protection,  e.xcept  for  a  recess  while  honor- 
ary membership  was  conferred  upon  Captain  Charles  H. 
■Manning,*  inventor  of  the  Manning  Imiler,  a  retired  en- 
gineer officer  of  the  IT.  S.  Navy,  and  until  recently  me- 
chanical engineer  of  the  Amoskeag  Mfg.  Co.  In  his 
renponse  accepting  the  honor  and  expressing  his  a])pre- 
ciation,  Captain  Manning  indulged  in  some  reminiscences 
of  his  early  engineering  experience  tliat  were  extremely 
interesting. 

Jame.s  B.  Scott,  with  lantern  slides,  described  "The 
Baltimore  liigh-Pres.siire  Fire  Service;"  F.  M.  Griswold 
])rcscntcd  the  subject  "N'ational  Standard  Ilose  Coup- 
lings and  Hydrant  Fittings  for  Public  Fire  Service," 
calling  attention  to  the  present  diircii'iices  in  diameters 

•An  account  of  the  nfe  of  Captain  M;i  lining  may  tjc  found 
In  "Power."  May   16.  1911,  page  760 


and  threads  used  and  how  they  could  easily  be  harmon- 
ized. Albert  Blauvelt  discussed  "Debarment  of  City 
Conflagrations,"  Ira  H.  Woolson,  "Allowable  Height  and 
Area  in  Factory  Buildings,"  (a  summary  of  the  result 
of  a  letter  campaign  among  fire  chiefs  and  fire  mar- 
shals) ;  C.  H.  Snikh,  "The  Protection  of  Main  Belt 
Drives  with  Fire  Petardent  Partitions."  and  H.  F.  J. 
Porter,  "The  Life  Hazard  in  Crowded  Buildings  Due 
to  Inadequate  Exits." 

The  usual  resolutions  of  thanks  were  passed  to  all 
concerned  in  the  entertainment  of  the  society  and  its 
guests. 

The  afternoon  excursion  Thursday  was  an  inspection 
of  the  work  on  the  new  sewer  system,  including  the  Jones 
Falls  conduits,  the  sewage  pumping  plant  and  the  sew- 
age-disposal plant  at  Back  River. 

In  the  evening  the  Engineers'  Club  of  Baltimore  ten- 
dered a  reception  and  dance  to  the  Society's  members  and 
guests  in  the  ball  room  of  the  Hotel  Belvedere. 

Fkiday 

Friday  was  speut  at  Annapolis.  By  high-speed  inter- 
urban  electric  cars,  the  party  was  conveyed  from  Balti- 
more to  Annapolis  and  upon  arrival  there  was  received 
by  Governor  Goldsborough  in  the  senate  chamber  of  the 
state  Capitol  building.  President  Goss  responded  to  the 
welcome  of  the  Governor.  Admiral  II.  I.  Cone  then  ad- 
dressed the  gathering  on  the  subject  of  the  the  Naval 
Experiment  Station,  stating  something  of  the  work  it 
has  done  and  is  doing. 

After  a  short  walk  around  the  town  to  see  the  places 
of  historic  interest  the  visitors  assembled  at  Carvel  Hall 
Hotel  (originally  the  home  of  William  Paca,  one  of  the 
signers  of  the  Declaration  ^>{  Independence,  where 
luncheon  was  served. 

All  of  the  afternoon  was  spent  in  the  buildings  and 
about  the  grounds  of  the  Naval  Academy.  At  the  aviation 
camp,  particularly  interesting  was  it  to  see  at  close  range 
the  hydro-aeroplanes  with  which  the  naval  officers  have 
been  having  such  great  success.  President  Goss  and  a 
few  other  members  of  the  society  had  the  privilege  of 
the  experience  of  a  short  flight  in  the  machines. 

Also  of  special  interest  was  the  Xaval  Experiment  Sta- 
tion in  command  of  Capt.  T.  W.  Kinkaid.  Here  a  num- 
ber of  important  investigations  are  just  now  in  jnog- 
ress,  including  corrosion  of  metals,  boiler  compounds, 
lubricants,  tests  of  sheet  and  rod  |)ackings,  tests  of  valves, 
tests  of  gage  glasses,  tests  of  pressure  regulators,  feed- 
water  and  air  heaters,  evaporators  and  distillers,  ex- 
perimental steam  turbines,  forced-draft  blowers,  heat- 
transmission  investigation,  boiler  tests  with  oil  fuel, 
boiler  tests  with  coal  fuel,  conden.sers  and  air  ])unips. 
centrifugal  and  rotary  ])umi)s,  safety  valves  and  calor- 
imetry  and   .specific  heat. 

Hnfortunately  rain  interfered  with  some  of  tlic  late 
afternoon  program,  for  it  had  been  ])lanned  to  lia\e  a 
dress  parade  of  the  midshipmen  with  music  by  the  Naval 
Academy  band.  The  inclcincnt  weather  sent  most  of 
the  party  back  to  Baltimore  raliuT  earlier  than  intended. 

Altogether  the  meeting,  while  perbaps  iu)t  one  of  the 
most  remarkable  the  society  lias  licid  in  ])oint  of  im- 
jiortance  or  great  value  of  the  jiajters  presented  or  dis- 
cussion drawn  out,  was  nevertbeless  a  very  enjoyable 
one,  and  unusually  well  planned  and  ciinducted  by  the 
local  engineers  responsible  for  the  entertainment. 
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Annual  Report  of  Topeka's  Lighting  Plant 


SYNOPSIS — Operating  costs  of  a  sniall  municipal  plant 
carrying  a  lighting  load.  The  system  of  records  is  un- 
usually complete  and  includes  all  details  of  line  &nd  plant. 

As  a  basis  for  comparing  the  operating  cost  of  a  plant 
year  in  ami  year  out  there  is  nothing  better  than  annual 
reports  made  up  from  the  daily  and  monthly  records  of 
the  plant.  As  an  example  which  may  be  of  general  in- 
terest, we  are  reproducing  in  part  the  annual  report  on 
the  municipal  electric-lighting  plant  at  Topeka,  Kan.  The 
report  was  issued  by  G.  G.  O'Xeill,  superintendent  of  the 
plant,  and  is  unusually  complete  in  all  details. 

In  1SS9  the  city  of  Topeka  purchased  the  lighting  plant 
and  in  1908  bonds  to  the  amount  of  $65,000  were  voted 
to  rebuild  the  plant.  Of  this,  $40,000  was  used  to  install 
the  Cooper-Hewitt  constant-current  mercury  rectifier  sys- 
tem with  the  Westinghouse  metallic  flame  are  lamps.  The 
value  of  the  plant  is  at  present  approximately  $65,000. 
The  equipment  is  as  follows:  One  Murray  Gorliss  steam 
engine,  26x48  in.;  one  260-kw.  alternating-current  West- 
inghouse, three-phase,  60-cycle  generator;  one  100-lamp, 
two-circuit  Cooper-Hewitt  rectifier  set;  three  75-lamp, 
one-circuit  sets;  five  50-lamp,  one-circuit  sets;  one  two- 
pauel  switchboard,  instruments,  etc.;  three  18-ft.  by  72- 
in.  Bromich  return-tubular  boilers;  one  Sorge  Cochrane 
open  feed-water  heater,  and  one  6x4x6-iu.  Advance  hot- 
water  feed  pump. 

On  Dec.  31,  1U12,  the  load  consisted  of  439  arc  lamps, 
70  series  tungsten,  and  785  one  luuidred-watt  and  60- 
watt  lamps  for  the  White  Way  on  Kansas  Ave.,  ^Ve^t 
Isinth  St.  and  East  Fourth  St.  On  Kansas  Ave.  each 
post  of  the  White  Way  contains  five  100-watt,  upright 
lamps,  totaling  400  cp.  On  the  other  streets  of  the  White 
Way  the  posts  have  five  upright  lamps,  the  top  being  100 
watts,  and  the  arm  lami)s  60  watts.  Each  post  totals  292 
candlepower. 

The  report  gives  in  detail  the  operating  conditions  of 
the  plant,  conditions  of  the  lines,  cost  per  kilowatt-hour 
to  generate  current,  cost  per  arc  lamp,  and  White  Way 
or  special  lighting  costs,  a  comparison  with  other  cities, 
also  receipts  and  disbursements  of  the  light  depart- 
ment. 

During  the  year  1911  a  complete  outfit  of  recording 
meters  and  instruments  was  installed  in  the  plant,  where- 
by the  electrical  output  and  working  conditions  could  be 
ascertained.  A  set  of  scales  was  also  installed  for  the 
weighing  of  coal.  Beginning  Jan.  1,  1912,  a  complete 
set  of  station  charts  was  installed,  consisting  of  a  sta- 
tion log  chart,  engineers'  supply  chart,  fuel  record,  chief 
lineman  and  trimmer  chart,  so  that  it  was  possible  to 
keep  a  close  record  on  the  operating  conditions.  A  .set 
of  books  was  also  opened,  consisting  of  a  journal,  ledger 
and  trial  balance.  A  summary-  of  the  data  obtained  is 
given  in  the  accompanying  table : 

Operating  fund 

Special  lightine  of  White  Way  

Reconstruction  fund . , 


$16,293.26 

3,077  09 

73.79 


SPECIAL  LIGHTING 

Maintenance  of  KanSas  Ave.,  White  Wav 

^^aintenance  of  Fourth  St..  White  Way  (60  days)  . . . 

Maintenance  of  Ninth  St.,  White  Way  (83  days) 

Installing  special  lighting. 

Cost  to  run  feeders  to  and  connect  Fourth  St 


$1,. 570. 70 

178  07 

8  41 

736.42 

395.99 


SUMMARY  OF  ARC-LAMP  DATA 

Cost  per  arc  lamp  for  year,  all  expenses  added 

.Adding  4  J  per  cent  interest  and  5  per  cent  depreciation 

-■\ctual  cost  per  arc  lamp  for  ciu-rent  and  maintenance.  .  .  .  .  . 

Actual  cost  per  arc  lamp  for  labor,  globes,  electrodes 

Actual  cost  per  arc  lamp  for  globes  (only) 

.Actual  cost  per  arc  lamp  for  electrodes  (only) 

Actual  cost  per  arc  lamp  for  labor    (only) 


OUTPUT 
Total  output  for  the  year  1912  in  kilowatt-hour.^ 

Arc  lamps  consumed 

White  Way  consumed 

FUEL 

Total  coal  consumed;  tons 

Total  coal  to  generate  steam,  tons 

Total  coal  to  bank  fires  and  for  heating  boilers,  tons. 
Natural  gas  used  as  fuel,  cu.ft 


WATER 


S3B.05 
51.92 
19.53 
2.21 
0.50 
1.14 
0.76 


503.260 
380,890 
122,370 


1,393.80 

1,267.89 

125.91 

11,183.632 


.00726 
.00857 
'.01043 
.01769 


85.73 

13 
1060 

738.5 
3113 
2733 
1768 
3113 


COST  PER  KILOWATT-HOUR 

Coal,  only 

Natural  gas 

Labor  and  engine  supplies 

Coal,  labor  and  engine  supplies 

SUMMARY  STATION  CHARTS 

Coal  per  kilowatt-hour,  lb 

Water  per  kilowatt-hour,  lb 

Water  evaporated  per  pound  of  coal,  lb. .  

Natural  gas  per  kilowatt-hour,  cu.ft 

Natural  gas  equivalent  to  1  lb.  coal,  cu.ft. .  

Number  hours  arc  lamps  were  off .  . 

Hours  plant  was  shut  down. . 

Hours  machinery'  was  in  operation 

Hours  arc  lamps  burned 

Arm  lights  on  Kan.  .\ve..  White  Way  burned,  hr. 
Top  lights  on  Kan.  ,\ve.,  White  Way  burned,  hr. . 

In  the  White  Way  data  it  was  shown  tliat  the  operating 
and  maintenance  cost  per  pole  for  the  year  was  $14.54,  or 
$2,90  per  lamp,  which  may  be  comi^ared  to  $63  for  tlie 
same  size  of  lamp  and  a  system  exactly  similar  at  Virginia, 
Minn,,  to  $21  at  Fort  Wayne,  Ind,,  for  poles  carrying  240 
watts  less,  and  to  $50,02,  which  was  the  Edison  companj-'s 
charge  per  pole  to  furnish  current  and  maintain  the  ser- 
vice. 

As  a  matter  of  interest,  it  was  stated  that  in  treating 
the  feed  water  to  reduce  scale  in  the  boiler,  the  plant  had 
been  using  a  boiler  compound  that  cost  practically  7.2c. 
per  thousand  gallons  of  water  treated.  On  Xov,  6  a  change 
was  made  to  graphite,  at  a  cost  of  nine  mills  per  thousand 
gallons  treated.  This  amounted  to  a  saving  of  $160  per 
year,  with  better  results. 

The  employees  were  one  superintendent,  two  engineers, 
three  firemen,  one  lamp  trimmer  and  one  chief  lineman, 
making  a  total  of  eight.  Tlie  operating  expenses  for  the 
plant  for  the  year  were  as  follows: 


Miscellaneous  expenst 

Engine  supplies 

Series  tungsten  lam-.' 

Line  material 

Extra  labor 


Fuel,  coal  and  natural  gas 

Maintenance  of  horse  and  wagon . 
Freight  and  drayage 

Electrodes 

Arc  globes 

I 


Mercury  bulbs. 
Total 


S1,404.S1 

1,098.33 

96  46 

368.13 

689  75 

6,787  65 

3,804.95 

117.78 

159 .  73 

485,00 

1.52.75 

74 .  35 

1 ,053 .  .59 

S16,293  26 
106.74 


Operating  budget  for  year $16,400.00 

Other  data  showing  the  (lisl)ursements  for  the  special 
lighting,  reconstruction,  arc-lamp  data,  giving  the  number 
of  electrodes  and  globes  used  and  the  hours  to  trim,  were 
given,  also  some  recommendations  for  improvement,  but, 
due  to  lack  of  space,  these  data  must  be  omitted.  Monthly 
fi.gures  on  the  load,  coal,  gas  and  water  were  also  made 
up  in  tabular  form  from  the  station  log  charts,  but  as 
the  totals  for  the  year  have  been  already  given  these  tables 
have  also  been  emitted. 
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Test  of  a  Lentz  Engine 

Below  is  given  results  uf  a  test  on  a  12xl8-in.  Leutz 
jjoppet-valve  engine  at  Alliance,  Xeb.  This  engine  is  di- 
rect connected  to  a  lOO-kv.-a.  Fort  Wayne  2300-volt,  60- 
cycle,  three-phase  alternator,  and  with  a  250-kv.-a.  unit 
is  installed  in  the  municipal  lighting  plant.  The  con- 
tractor guaranteed  this  unit  to  deliver  a  kilowatt-hour 
at  the  switchboard  with  not  more  than  36  lb.  of  dry 
steam  of  140  lb.  pressure;  exhaust  to  be  free  to  the  at- 
mosphere and  the  unit  to  be  fully  loaded  with  a  power 
factor  of  unity. 

In  conducting  the  test  it  was  decided  that  it  would 
be  of  more  advantage  to  have  the  conditions  the  same  as 
would  occur  in  everyday  operation,  and  by  corrective  fac- 
tors check  the  results  with  the  guarantee. 

The  water  was  first  metered  and  then  weighed  on  a 
tested  scale.  The  boilers  were  fed  by  injectors  with  the 
overflow  draining  back  to  the  water  tank  into  which  the 
feed  water  was  dumped  after  being  weighed.  All  boiler 
openings  were  blanked,  save  the  main  steam  line,  the  drips 
of  ^vliich  were  run  to  the  water  tank.  Readings  were  taken 
every  ten  minutes,  the  load  being  held  practically  con,«tant 
by  water  rheostats,  which  formed  part  of  the  load. 

D.\TA  OF  TEST 

Location Alliance,  Xeb. 

Date  (six  months  after  installation) June  29,  1912 

Duration  of  test 10:30  a.m.  to  3:30  p  m. 

Engine  size,  in 12  X  18 

Generator  rating,  kv.-a 100 

Generator  output,  kw.-hr.   .  446  5 

.\mmeter  reading 256.6 

Voltmeter  reading. . .  114   1 

.\pparent  output,  kv.-a 101 

Power  factor,  per  cent 88 

Exciter  output,  kw.-hr 40 

Total  output,  kw.-hr 486.3 

.*^team  pressure,  lb.  gage 149.6 

Back  pressure,  lb.  gage 5 

Per  cent,  moisture l.o 

Mean  effective  pressure 67 .  .i 

Indicated  horsepower 156 

Generator  load  factor,  per  cent.  .* 89 

Total  water,  lb 19,520 

Water  per  hour,  lb 3,904 

Kilowatts  per  hour  of  generator 89.3 

Kilowatts  per  hour,  including  exciter 97  3 

Steam  per  kw.-hr ^9  ^ 

••^team  per  i.hp.-hr ^^  _ 

Correction  for  moisture,  per  cent — 1  5 

Correction  for  5-lb.  back  pressure,  per  cent — 11 .0 

Correction  for  steam  pressure  of  150  lb.  instead  of  140  lb.,  per  cent 4-1.5 

Correction  for  power  factor,  per  cent — 2 . 2 

.Steam  per  kw.-hr.  with  steam  pressure  of  140  lb.,  zero  hack  pressure  and 

IIX)  per  cent,  power  factor,  lb 34.9 

Steam  per  i.hp.-nr.  under  above  conditions,  lb 22.25 

This  test  was  run  by  the  light  and  water  commissioner, 
who  is  a  technical  man  with  several  years  of  experience. 
He  had  for  his  assistants  the  chief  engineer  of  the  plant, 
a  representative  of  the  engine  builders  and  two  .seniors 
from  the  engineering  department  of  the  University  of 
Nebraska.  AH  instruments  and  scales  were  tested  and  it 
niav  be  assumed  with  safety  that  the  results  are  accurate. 


International  Engineering   Congress 

.V  commlttii-  on  man:i t'lmcnt  of  th--  Inti-in.'ttinnal  Kniti- 
neerinK  ConKress.  which  will  be  held  in  connection  with 
Ihi-  Panama- raclflc  International  Exposition  at  San  Fran- 
clBco  In  1915.  has  been  appointed.  consistInK  of  the  presi- 
dents and  secretaries  of  the  five  national  enKlneerins  socie- 
ties under  the  auspices  of  which  the  conRreBS  is  to  be  con- 
ducted,   together   with    18   members    resident    In   San    Francisco. 

The  committee  has  selected  as  Its  chairman  I'rof.  W.  F. 
Durand,  of  the  American  .Society  of  Mechanical  Knglneers, 
and  as  Its  secretary-treasurer  \V,  A.  Cattell,  of  the  American 
Society  of  Civil  EnRlneers.  The  executive  offlces  will  be  In 
the  Foxcroft    Building,  68  Post  St..  San    Francisco. 

Chairman  Durand  has  selected  mtmbcrs  for  the  papers, 
finance,  publlaity  and  local  affairs  committees  as  follows: 
Papers   committee,    A.    M.    Hunt,    American    Institute    of    Elec- 


trical Engineers,  chairman;  finance  committee,  W.  G.  Dodd. 
Society  of  Naval  -Architects  and  Marine  Engineers,  chair- 
man; publicity  committee,  VV.  A.  Cattell,  chairman,  and  local 
affairs  committee,  E.  A.  Benjamin,  American  Institute  of  Min- 
ing  Engineers,   chairman. 


Engineers  Wanted  by  N.  Y.  Civil 
Service  Commission 

Open  competitive  examinations  will  be  held  by  the  New 
York   State   Civil   Service   Commission    for   these   positions: 

Assistant  Steam  Engineer,  Monroe  County  Service.  Open 
to  legal  residents  of  Monroe  County  only.  Candidates  must 
have  had  two  years'  experience  as  machinist,  boilermaker, 
steam  fitter,  oiler,  fireman  or  engineer.  Subjects  of  exami- 
nation and  relative  weights:  Practical  questions  on  the 
operation  and  repair  of  steam  boilers  and  pumps,  4;  experi- 
ence, education  and  personal  qualifications,  6.  Two  vacancies 
exist  at  the  tola  Sanatorium,  West  Brighton,  at  $75  per 
month   or   $60   per    month    with    maintenance. 

Junior  Railway  Engineer,  Public  Service  Commission, 
First  District.  Salary  $901  to  $1200  per  annum.  The  duties 
are  to  inspect  the  power  houses  and  equipment  of  subway, 
elevated  and  street  railways,  and  of  electric  companies  in 
New  York  City.  Candidates  must  have  had  at  least  three 
years*  training  in  a  technical  school  of  recognized  standing 
and  not  less  than  one  year's  experience  in  electric  railroad  or 
electric  lighting  work  or  in  the  manufacturing  or  installation 
of  electrical  or  mechanical  apparatus.  Subjects  of  examina- 
tion and  relative  weights:  Theoretical  and  practical  ques- 
tions relating  to  the  construction  and  operation  of  power- 
house and  railway  equipment,  measurements,  standards  and 
other  pertinent  subjects,  5;  experience  and  personal  qualifi- 
cations, 3:  education,  2.  Open  to  non-residents  as  above.  No 
sample    questions. 

-\11  applications  must  be  in  the  commission's  hands  on  or 
before  June  6.  Blanks  may  be  had  at  the  several  cities  offices 
ot   the   commission. 


Trebling  Its  Plant  Capacity 

Plans  have  been  prepared  b.v  the  Pittsburgh  Rys.  Co., 
Pittsburgh,  Penn.,  for  trebling  the  capacity  of  its  plant  on 
Brunots  Island,  increasing  the  capacity  from  25.000  kw.  to 
85.000.  Twenty  Stirling  boilers  of  S22  hp.  each  have  been 
ordered.  The  Westinghouse  Co.  will  supply  four  15,000-kw, 
turbo-generator  sets.  The  condensers  and  pumps  will  be 
furnished    by    the    Worthington    Pump    Company. 

The  boilers  are  to  be  placed  in  four  batteries  of  five 
boilers  each.  .\  14xl!sO-ft.  stack  will  be  furnished  for  each 
battery. 


I.  E.  S.  Preparing    for  Annual 
Convention 

At  a  meeting  of  the  convention  committee  of  the  Il- 
luminating Engineering  Society,  held  in  Pittsburgh.  May  16, 
it  was  decided  to  hold  the  ne.xt  annual  convention  in  that 
clt.v  during   the   week   beginning  Sept.    22. 

The  committee  consists  of  G.  .V.  Llttlefleld.  New  York 
Edison  Co.,  Chairman;  P,  S.  Millar.  Electrical  Testing  Labor- 
atories, president;  H.  S.  Evans.  Macbeth  Evans  Glass  Co.;  W. 
A.  Donkin,  Duqui  sne  Light  Co.,  Tlttshurgh:  W.  D.  Macfarlan 
Moore,  General  Electric  Co..  Harrison.  N.  J.;  M.  C.  RyplnskI, 
Westinghouse  Electric  &  Manufacturing  Co.,  New  York;  C. 
J.  Mundo,  General  Electric  Co.,  Pittsburgh;  J.  C.  McQuiston, 
■Westinghouse  Electric  &  Manufacturing  Co.,  Pittsburgh;  W. 
J.  Serrill,  United  Gas  Improvi'ment  Co..  Philadelphia;  S.  B. 
Stewart,  Philadelphia,  Co.,  Pittsburgh,  T.  J.  Pace,  Westing- 
house Electric  &  Manufacturing  Co..  Pittsburgh;  and  Prof. 
H.  S.  Hower,  Carnegie  Technical  Schools,  chairman  of  the 
local    section    of    the    society. 

W.  A.  Donkin  was  selected  as  chairman  of  the  local  com- 
mittee on  arrangements  and  J.  C.  McQuiston  was  appointed 
chairman   of   the   publicity   comtnlttee. 

It  Is  expected  that  several  hundred  engineers  from  all 
parts  of  the  country  Interested  In  lighting  will  be  present. 
The  program,  the  details  of  which  have  not  been  completed, 
will  consist.  In  addition  to  the  technical  sessions,  of  a  recep- 
tion and  dance,  several  excursion  trips  and  visits  to  various 
Industries  In  Pittsburgh. 
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New  Jersey's  N.  A.  S.  E.  Convention 

Despite  the  continuous  rain  for  tlie  first  two  days  of  the 
Nev*  Jersey  State  convention  of  the  National  Association  of 
Stationary  Engineers,  held  in  Palace  Hall.  Newark.  Thursday, 
May  22  to  Sunday  the  twenty-fifth,  the  exhibit  and  conveiiti  jii 


port  of  A.  L.  Case,  chairman  of  the  license-law  coramittee, 
was  accompanied  by  a  presentation  to  the  president  of  the 
pen  used  by  Governor  Fieldler  in  signing  the  license  law. 
Tliis  pen  will  be  framed  with  the  state  charter. 

The   eulogy   address    on    the   deceased   members   was   made 
1  y   JmIih  J.   Calahan.   ot  Jersey   City.      Mrs.  Parisan,  State  dep" 


0 
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.So.AiK  OF  Tin;  Officeks  axd  Deleuati;s 


were  most  successful.  Palace  Hall  is  ideal  for  exhibits.  Frank 
Martin,  who  has  seen  more  halls  and  auditoriums  than  most  of 
us.  said  it  Was  the  finest  exhibit  hall  he  had  ever  seen  at  any 
convention.      Mayor   Haussling   opened    the    convention. 

On  Friday  and  Saturday  afternoons  meetings  of  the  officers 
and  delegates  were  held  preparatory  to  the  Sunday  session 
in   the   meeting   rooms   of   Newark   No.   3    Association. 

State  President  Martin  J.  Hickey.  ot  Jersey  City'  Asso- 
ciation No.  1,  called  the  convention  to  order  at  11:25  a.m.. 
and  received  the  reports  of  the  various  committees.     The  re- 


uty  of  the  Ladies  Auxiliary,  told  of  the  achievements  of  that 
body. 

Engineers  ot  ten  years'  experience  and  who  have  been 
members  ot  the  N.  A.  S.  E.  for  that  length  of  time,  are  en- 
titled to  a  pension  should  they  become  indigent.  The  present 
benefits  amount  to  $15  per  month,  and  it  is  hoped  to  increase 
this  amount  or   reduce  the  time  period  for  qualification. 

National  Vice-President  James  R.  Coe  reported  that  in  IS 
states  there  were  16  state  associations,  a  total  of  22(l  local 
associations    representing    14.346    members. 


'l'll(l^K  Who  Enjoyed  the  Banquet 
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The  offlcers  elected  for  the  ensuing:  year  are  as  follows: 
President.  John  T.  Jenkinson,  Paterson  Xo.  2;  vice-presi- 
dent, Charles  W.  Summers,  Hobolien  No.  1;  treasurer,  Thomas 
J.  Brown.  Newark  No.  3,  reelected;  secretary,  John  J.  Ready, 
Jersey  City  No.  1;  conductor,  James  S.  Heath,  Elizabeth  No. 
14;  doorkeeper,  Thomas  McNamara,  Paterson  Xu.  2.  The 
president  was  directed   to   recommend   the   retiring   president. 


license-law  committee,  pointed  out  the  necessity  of  getting 
the  legislators  now  in  special  session  to  make  the  appiopria- 
tion  required  to  put  the  license  law  into  immediate  action. 

C.  H.  Bromley,  of  Newark  No.  3,  and  associate  editor  of 
"Power."  told  of  the  educational  work  in  New  Jersey.  Stress 
was  laid  on  the  necessity  for  revising  the  slides  and  notes 
put    out    by    the    national    educational    committee   in   order   to 


Past-Pi!i;sidkxts  X.  J.  Statk  Association 


Martin  J.  Hickey,  to  the  national  offloers  for  the  office  of 
state  deputy.  Past  National  President  \A'.  J.  Reynolds  in- 
stalled   the   new    officers. 

The  banquet  in  the  Continental  Hotel,  Sunday  evening, 
closed  the  convention.  Toastmaster  William  J.  Reynolds  in- 
troduced the  following  speakers:  J.  H.  Donnelly,  president, 
Newark  Common  Council,  whose  speech  was  responded  to  by 
National  Vice-President  Coe.      W.   R.   Sickle,   counselor  for  the 


accomplish    the    best    results    in    practical    power-plant    educa- 
tion. 

F.  R.  Low,  editor  of  "Power."  reviewed  the  important  feat- 
ure of  recent  engineering  progress,  citing  actual  cases  show- 
ing the  necessity  for  greater  qualifications  of  men  to  handle 
modern  power  plants.  Past  State  President  Martin  Hickey 
told  of  the  progress  made  in  fraternal  work  during  the  past 
year. 
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Entertainment  under  the  direction  of  Prank  Martin  was 
furnished  by  Herbert  Self,  Jim  Devins.  Billy  Murray,  Jack 
Armour,  Joe  McKenna  and  The  Dixie  Four,  a  female  quartet 
of  exceptional  ability. 

The  exhibitors  were  the  Albany  Lubricating  Co..  Arm- 
strong Cork  Co.,  Ashton  Valve  Co.,  American  Oil  &  Supply 
Co.,  Babcock  &  Wilcox  Co,,  Boig  &  Hill,  Buhne  Metal  Packing- 
Co,,  Clipper  Belt  Lacer  Co.,-Crandall  Packing  Co.,  Coppus  En- 
gineering &  Equipment  Co.,  Cooney  Contracting  Co.,  Clement 
Restien  Co.,  Cinch  Bolt  Co.,  Crane  &  Milligan.  C.  T.  Coe  &  Co., 
Crane  Co.,  Couse  &  Bolton,  C.  E.  Squires  Co.,  Durabla  Manu- 
facturing Co.,  Dearborn  Chemical  Co.,  David  C.  Seymour,  Dia- 
mond Power  Specialty  Co.',  Economy  Fuse  Manufacturing  Co., 
F.  W,  Webb  Manufacturing  Co.,  Fairbanks  Co..  Greene,  Tweed 
&  Co.,  Garlock  Packing  Co.,  Griscom-Russell  Co.,  Greenpoint 
Fire  Brick  Co.,  Harrison  Safety  Boiler  Works,  Home  Rubber 
Co.,  H.  W.  Johns-Manville  Co.,  Hill-McKanna  Co.,  H.  B.  Un- 
derwood &  Co.,  Hazard  Manufacturing  Co.,  Homestead  Valve 
Manufacturing  Co.,  Hewes  &  Phillips  .Iron  Works,  I.  R.  Nel- 
son, Jenkins  Bros..  Jackson  Awning  Co.,  John  A.  Roebling 
Sons  Co.,  J.  H.  Banks  Co.,  Keystone  Lubricating  Co.,  Lunk- 
enheimer  Co.,  Ludlow  &  Squiers,  Lagonda  Manufacturing  Co., 
Manning,  Maxwell  &  Moore,  JI.  T.  Davidson  Co.,  McLeod  & 
Henry  Co.,  Mutual  Supply  Co.,  New  York  Belting  &  Packing 
Co.,  'National  Engineer."  Norbin  Oil  &  Supply  Co..  National 
Oil    &    Supply    Co.,    Otis    Elevator    Co.,    "Practical    Engineer,' 


Peerless  Rubber  Manufacturing  Co.,  Philadelphia  Manufactur- 
ing Co.,  Pitts  &  Kitts  Co.,  "Power,"  Precision  Instrument  Co., 
Philadelphia  Grease  Co.,  R.  &  J.  Dick  Co..  Ross  &  Taggard, 
S.  F.  Bowser  &  Co.,  .Strong,  Carlisle  &  Hammond  Co.,  Standard 
Oil  Co.,  Standard  Regulator  Co.,  the  A.  &  F.  Brown  Co.,  the 
United  States  Graphite  Co.,  the  Texas  Co.,  V.  D.  Anderson 
Co.,  W.  B.  McVicker  Co.,  William  Powell  Co.,  United  Coal 
Savers'  Association,  United  Metal  Hose  Co.,  Dick  Belt  Co., 
Quaker  City  Rubber  Co.,  Chas.  J.  Hoffman,  Engineers  Blue 
Club  of  New  Jersey,  Ladies  Auxiliary  No.  2. 

Pittsburgh's  New  Boiler  Plant 

The  Crucible  Steel  Co.  of  America  is  building  a  model 
boiler  plani  at  its  works  at  Forty-first  St.  and  the  .\lle- 
gheny  Valley  R.R.,  in  the  Lawrenceville  district  of  Pitts- 
burgh. The  building  alone  will  cost  $95,000.  It  will  cover  a 
space   of   252x45    ft.   and   will    be    45    ft.    high. 

Fourteen  600-hp.  boilers  will  be  placed  in  the  structure  in 
seven  batteries.  Each  battery  will  have  a  separate  stack. 
By  the  use  of  smokeless  stokers  of  the  chain  type  the  plant 
■will  be  almost  without  smoke,  thus  enabling  the  company 
to  comply  with  the  laws  of  the  city  and  state  and  add  to  the 
benefits   to   be    conferred   to    the    district. 


an  inspection  tour  of  automohile-manufaeturins  plants 
throughout  the  country. 

The  semiannual  meeting  of  the  Society  of  Avttomobile  En- 
gineers will  be  held  on  board  a  steamer  cruising  the  Great 
Lakes.  Four  professional  sessions  will  be  helci  on  Ji^ne  .5,  6 
and  7,  the  party  leaving  Detroit  on  the  "City  of  Detroit  III, ' 
chartered  exclusively  by  the  society,  on  the  afternoon  of 
June  4.  The  technical  discussion  will  be  in  part  in  con- 
nection with  reports  of  the  standards  committee  divisions  on 
irons  and  steels,  ball  and  roller  bearings,  motor-truck  ele- 
ments, starting,  lighting  and  ignition  systems,  broaching 
tools,  pneumatic-tire  rims,  fuel,  motor  testing  and  nomencla- 
ture.    Several  papers  are  to  be  presented  by  British  engineers. 

Elaborate  arrangements  for  the  edification  and  entertain- 
ment of  the  visiting  European  engineers  have  been  made  in 
New  York,  Pittsburgh,  Indianapolis,  Detroit,  Cleveland,  Buf- 
falo,   Providence,    Bridgeport,    New    Haven    and    Hartford. 

The  summer  meeting  of  the  American  Society  of  Heating 
and  Ventilating  Engineers  will  be  held  at  Buffalo,  N.  Y.,  on 
July  17,  IS  and  19,  The  headquarters  will  be  at  the  Statler 
Hotel   in  that  city. 

The  last  meeting  of  the  season  of  the  Massachusetts  Chap- 
ter of  the  American  Society  of  Heating  and  Ventilating  En- 
f?^neers  was  held  May  13,  at  Boston.  The  subject  was 
humidity,  and  was  discussed  by  W.  C.  Elliott,  Stuart  Cramer 
Co.;  W.  W.  MacLean,  Museum  of  Fine  Arts;  Charles  F.  Evel- 
eth.  School  House  Commission,  Boston;  Frank  T.  Chapman, 
of  the  New  York  Chapter.  Mr.  Elliott  said  that  since  the  in- 
stallation of  the  humidifying  system  in  the  Cheney  Silk  Mills 
there  had  been  a  wonderful  freedom  from  all  kinds  of  conta- 
geous  diseases  in  the  plant.  Mr.  MacLean  explained  that  quite 
often  they  have  loans  of  valuable  furniture  in  the  museum 
and  such  things  would  not  be  loaned  to  them  unless  they  had 
fepacial  arrangements  for  placing  the  exhibit  in  an  atmosphere 
■where  it  would  not  fall  to  pieces.  They  also  have  on  ex- 
hibition rare  and  costly  paintings  and  Chinese  lacquer  work, 
which  require  uniform  conditions.  President  Cooper  read  a 
communication  which  is  of  general  interest.  A  commission 
has  been  appointed  in  New  York  by  Governor  Sulzer  to  make 
a  special  study  of  the  heating  and  ventilating  of  school 
houses,  which  is  made  possible  under  a  recent  contribution 
of  $50,000  by  Mrs.  Elizabeth  Millbank  Anderson.  The  com- 
mittee to  be  appointed  by  Governor  Sulzer  will  include  Prof, 
C.  E.  A.  Winslow,  College  of  the  City  of  New  York;  Prof.  P, 
.S.  Lee,  College  of  Physicians  and  Surgeons;  James  Alexander 
Miller,  medical  expert,  Bellevue  Hospital;  Prof.  E.  B.  Phelps, 
Massachusetts  Institute  of  Technology;  Prof.  Ed^ivard  L. 
Thorndike,  Columbia  University,  and  Dwight  D.  Kimball, 
engineer    of  Ne'w   York    City. 

The  subject  of  a  midsummer  meeting  was  taken  up  and  an 
enjoyable  outing  is  anticipated,  which  is  left  to  the  call  of 
the  president.  The  chapter  meetings  were  adjourned  until 
Oct.    14. 


PERvSONALS 


N.  T.  Fortun  has  been  elected  manager  of  the  Lyle 
(Minn.)    electric-light    plant,    succeeding    N.    G.    Fischer. 

C.  T.  Wheat  has  succeeded  William  McKinley  as  super- 
intendent of  the  Madison  County  Light  &  Power  Co.,  Car- 
linville,    111. 

Charles  Schaefer  has  succeeded  W,  H.  Hartman  as  su- 
perintendent of  the  municipal  electric-light  and  power  plant 
at    Opelika,    Ala. 

E.  Cutting  has  been  appointed  superintendent  of  the 
municipal  electric-lighting  plant  at  Riverside,  Calif.,  suc- 
ceeding  F.   A.    Worthley,    resigned. 

R.  T.  Morris,  municipal  electrician  of  South  Vancouver, 
B,  C,  has  resigned  to  associate  himself  with  G.  M.  Gest,  con- 
duit engineer  and   contractor. 


A  party  of  British  engineers  arrived  in  New  York  on  May 
26.  These  visiting  engineers  are  members  of  the  institution 
of  Automobile  Engineers  of  England,  and  will  attend  the 
semiannual  technical  sessions  of  the  Society  of  Automobile 
Engineers,   under  the   auspices   of  which   they  will   also    make 


JAMES  WALKER 

On  May  8,  James  Walker,  the  founder  and  chairman  of 
James  Walker  &  Co.,  Ltd.,  "Lion"  Works,  London,  England,' 
died  at  his  residence,  Leytonstone,  Mr.  Walker  had  a  wide 
acquaintance  in  the  engineering  field  on  both  sides  of  the 
Atlantic,   and  was  highly   esteemed.      He  was   73   years   old. 

Mr.  Walker's  death  will  not  occasion  any  change  in  the 
organization  of  jv'hich  he  was  the  head,  as  the  management 
will  be  conducted,  as  heretofore,  under  the  direction  of  George 
H.    Cook,    the   managing   director. 
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Different  Yesterday,  Today  and  Forever 


Consider  the  calendar.     It  changes  ever^^ 
day.     So  does  human  knowledge.     The  sol- 
emn science  of  centuries  ago  is  the  rankest 
superstition  of  to- 
day.   The  best  es- 
tablished scientific 
(so-called)  fact  of 
today  may  explode 
with  a  loud  report 
tomorrow. 

Don't  be  too 
positive.  Remem- 
ber, lightning  was 
one  of  the  great- 
est terrors  of  man- 
kind till  Benjamin 
Franklin  took  a 
flier  in  kites.  Now 
one  man  presses 
a  button  to  start 
a  world's  fair.  Man 

has  done  a  good  deal  but  he  doesn't  know  it 
all.  Vessels  have  crossed  the  Atlantic  a 
good  many  million  times  since  Columbus  made 
his  trip,  but  a  little  while  ago  the  sea  swal- 
Ujwed  at  one  gul])  the  biggest  ship  ever 
made. 

Human    knowledge    is    a    mighty    curious 


thing.  It  is  continually  taking  on  something 
new  at  one  end  but,  while  doing  so,  is  letting 
go  something  old  at  the  other. 

Nothing  is  too 
new  to  be  impos- 
sible or  so  old  as  to 
be  certain.  Don't 
refuse  the  new  just 
because  it  is  new 
nor  cling  to  the  old 
just  because  it  is 
old. 


A  closed  house 
gets  mighty  musty , 
but  a  house  with- 
out a  roof  soon 
goes  to  decay. 
Keep  your  mind 
open  but  keep 
something  in  it. 


Open  the  doors  and  the  windows  once  in  a 
while  and  give  the  sunlight  a  chance,  but  don't 
tear  down  the  walls  for  the  sake  of  ventilation 
and  so  let  the  wind  blow  out  your  furniture. 

Don't  run  ahead,  but  don't  fall  behind.  Re- 
member the  calendar  and  try  to  keep  up  to  date. 

[Hugh  Molleson  Foster,   New    York.] 
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Testing  Small  Steam  Turbines 


By  R.  C.  Allen 


STXOrsiS — TIow  one  manufacturer  of  small  steam-iur- 
hines  fests  them  and  a  description  of  ike  apparatus:  used, 
showing  that  the  laboratory  is  fully  equipped  for  doing  the 
work.  All  turbines  are  fully  tested  before  shipment,  for 
governor  adjustment  and  other  details  which  can  affect 
the  satisfactory  operation  of  the  unit  when  installed  in 
the  power  plant. 

The  increasing  activities  of  power-plant  engineers  in 
investigating  general  station  economics,  and  the  tendency 
toward  the  adoption  of  steam  turbine-driven  auxiliaries 
in  power  plants,  has  led  to  investigations  of  the  actual 
efficiencies  guaranteed  by  steam-turbine  manufacturers,  as 
well  as  the  institution  of  exacting  tests  to  determine  the 
merits  of  a  particular  machine  before  installation.     The 


employed  will  undoubtedly  prove  interesting  in  general, 
as  well  as  serve  to  indicate  the  thoroughness  with  which 
the  characteristics  of  the  machines  manufactured  are  in- 
vestigated before  .shipment. 

BOILEU  EqCIPilEXT 

The  boiler  equipment  consists  of  three  vertical  500-hp. 
JEauuing  boilers,  a  combined  capacity  sufficient  for  test- 
ing all  machines  at  full  load,  or  at  loads  sufficiently  great 
that  precise  full-load  conditions  may  be  interpolated.  The 
boilers  are  hand  fired,  and  worked  with  either  natural  or 
induced  draft,  a  good  grade  of  scmibituminous  coal  being 
used. 

The  boilers  are  connected  to  a  common  header,  which  is 
connected  to  the  extra-heavy  steel  main-test  line,  placed 


Fiu.  1.   Gexehal  View  of  the  Testixg  Depautmext 


testing  department,  therefore,  of  a  representative  works 
must  be  more  than  the  mere  testing  room,  sufficient  for 
the  requirements  of  a  few  years  ago;  it  must  be  a  fully 
equipped  laboratory  as  well,  comprising  all  the  necessary 
apparatus  for  testing  generators,  blowers,  and  for  ex- 
perimental work  generally,  in  addition  to  regular  per- 
formance tests  of  the  turbines  themselves. 

One  manufacturer  of  small  turbines,  the  Terry  Steam 
Turbine  Co.,  has  instituted  a  test  department  representa- 
tive in  every  way,  both  as  regards  equipment  and  general 
organization.  A  general  view  is  shown  in  Fig.  1.  The 
following  description  of  apparatus  and  general  methods 


about  -i  ft.  from  the  floor  and  fitted  with  numerous  out- 
lets, each  provided  with  a  throttle  valve.  The  boilers,  fit- 
tings and  valves  are  designed  for  a  normal  working  pres- 
sure of  200  lb. ;  the  usual  pressure  maintained  is  about 
150  lb.  The  higher  pressures  are  used  for  testing  tur- 
bines built  under  specifications  requiring  same.  All  power- 
plant  auxiliaries  exhaust  into  an  open  heater,  a  feed  tem- 
perature of  from  185  to  212  deg.  being  obtained. 

Directly  beneath  the  main  steam-test  line,  which  runs 
lengthwise  through  the  center  of  the  test  floor,  are  two 
main  exhaust  lines,  one  being  the  plant-auxiliary  exhaust 
line  leading  to  a  heater  at  practically  atmospheric  pres- 
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sure.  The  other  Hue  leads  to  the  main  eondeiiser,  and  is 
used  when  water  rates  are  required  ou  coudensiug  or  uou- 
eoudeiising  machines,  or  when  any  general  tests  are  re- 
quired on  condensing  machines.  For  each  test  connection 
111  the  high-pressure  steam  line,  there  is  a  corresponding 
opening  in  both  the  condensing  and  noncondensing  ex- 
haust lines,  a  simple  form  of  connecting  pipe  and  valve 
making  it  possible  to  couple  a  macliiuc  to  either  exhaust 
line  as  desired. 

The  main  condenser  is  of  the  surface  type,  and  of  am- 
ple capacity  to  handle  condensing  machines  up  to  750 
hp.  capacity  with  a  vacuum  of  "^S  in.  referred  to  30-in. 
haromcter. 

A  dry-air  pump  uf  unusual  piM.)portious  takes  care  of 
the  air  leaks  that  are  impossible  to  eliminate  in  temporary 
test  piping. 

Constant  hot  well-level  control  is  obtained  by  the  usual 
method  of  a  Hoat-regulated  steam  valve,  controlling  a 
du])lex  pump,  which  discharges  into  a  chute,  which  may 
l)c  alternately  directed  into  two  tanks,  mounted  on  se])- 
arate  standard  wci,i;liiiig  scales,  1hc  tanks  l)eing  also  fitted 


C0\I1KX«IX0  ArrARATUS 

The  main  Wnrthiiigtini  condensing  equipment  is  stand- 
ard apparatus,  which  also  includes  a  cooling  tower,  the 
circulating  pump  of  which  is  driven  by  a  40-hp.  Terry 
turbine;  the  fans,  however,  are  driven  by  a  15-hp.  motor, 
supplied  with  current  from  the  factory  mains.  The  test- 
ing api)aratus  for  large  turbines  is  shown  in  Fig.  3. 

The  secondary  condensing  equipment  for  smaller  ma- 
chines includes  a  small  C.  H.  Wheeler  surface  condenser, 
hand-controlled  hotwell  pump,  and  separate  dry-air  pump, 
separate  mea.suriug  tanks  and  scales  being  furnished,  all 
similar  to  the  main  equipment,  but  on  a  smaller  scale. 
The  equipment  for  testing  small  turbines  is  shown  in. 
Figs.  3  and  4.  Cooling  water  is  bypassed  from  the  main 
condenser  circulating-pump  discharge,  the  outgoing  water 
leading  to  the  cooling  tower. 

All  steam  gages  used  are  periodically  calibrated  by  a 
dead-weight  gage  tester.  Important  readings,  such  as  noz- 
zle-inlet pressures,  are  frequently  taken  by  a  number  of 
gages  connected  to  various  jioints  in  the  steam  belt,  thus 
eliminating  possible  chauces  of  error  in  the  instruments. 


Fig.  2.  Tkstixo  Dhpaktmk.xt  kou  Lauoi:  Tihbixks 


with  the  necessary  outlet  valves  leading  to  drains.  As  the 
method  of  weiirbing  surface-condenser  discharge  is  gen- 
erally considered  the  most  satisfactory  and  indisputable 
means  of  determining  liic  total  steam  consumption  of  any 
steam-driven  prime  mover,  the  greatest  care  is  taken  to 
iiiaintain  this  equii>meiit  in  tiie  best  possible  condition, 
]iarticularly  with  regard  to  water  leaks  around  tube 
glands,  as  well  as  air  leaks  into  the  system. 
Main  Tkstixo  Apparatus 
A  complete  secondary  testing  equipment  is  installed  to 
handle  machines  of  '>()  hp.,  and  below,  running  condensing 
or  iKiiicoiidciising. 


as  well  as  possible  effect  of  local  disturbances  in  the  steam 
belt  itself  at  points  of  measurement. 

All  electrical  instruments  used  are  also  checked  at  in- 
tervals to  insure  their  reliability. 

Tkstixo 

Final  testing  (jf  all  turbines  befoi-e  shipment  ciuisists 
of  connecting  the  turbine  to  the  proper  steam  and  ex- 
haust lines,  adjusting  the  governor  to  no-load  speed,  ad- 
justing the  shaft  glands,  safety  valve  and  the  emergency 
governor,  also  the  thrust  clearance  and  proper  location  of 
tlic  \vlir<'l  with  reference  to  llie  stationnrv  element. 
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The  turbine  is  tlieu  run  for  several  hours  after  the  fiual 
adjustmeuts  are  made,  the  exact  time  depending  ou  the 
judgment  of  the  representative  from  the  engineering  de- 
partment who  finally  releases  the  machine.  Any  indica- 
tions of  bearing  or  governor  troubles,  however,  are  suffi- 
cient to  prolong  the  test,  until  satisfactory  operation  is 
obtained. 

By  this  method,  the  machines  are  finally  inspected  by 
a  representative  of  the  engineering  department  who  is  a 
disinterested  part)-  in  their  manufacture,  and  who  is  in 
no  way  connected  with  their  erection  or  testing,  but  is 
called  upon  in  each  particular  case  to  act  in  the  capacity 
of  a  customer  inspecting  his  purchase. 

The  majority  of  test  work  consists  of  running  com- 
plete tests  for  capacity  and  steam  consumption,  either 


valve,  tliu  •"t'arpenter"  type  of  throttling  calorimeter  be- 
ing used. 

The  load  is  taken  by  either  a  prony  brake  or  water 
brake.  Fig.  5,  according  to  the  precise  operating  condi- 
tions. In  the  majority  of  cases  one  of  the  water  brakes  or 
familiar  A¥ebb  dynamometer  is  used,  consisting  of  a 
series  of  smooth  disks  (alternately  revolving  and  station- 
ary) inclosed  in  a  casing  mounted  on  ball-bearing  trun- 
nions, water  being  fed  into  the  sides  of  the  casing  near 
the  shaft,  and  discharged  at  the  bottom  of  the  same.  Fig. 
7.  The  main  bearings  arc  hung  from  the  casing  in  order 
to  include  the  .bearing  friction  in  the  turning  moment 
as  recorded.  The  brake  arm  being  mounted  on  the  cas- 
ing, the  torque  is  measured  by  standard  scales  in  the  u.sual 
manner. 


Fig.  3.   Testing  Small  Turbines 


Fk;.  i.   Testixc  A'khtical  Uxit.s 


Fig.  5.   Xeau  View  of  Water  Brake 


Fig.  6.   Testing  Blower  Unit 


for  visiting  engineers  representing  the  purchaser,  or  to 
check  up  the  characteristics  of  any  particular  turbine  on 
account  of  the  possible  lack  of  data  on  its  operating  condi- 
tions, which  may  be  imusual. 

These  turbines  are  connected  to  the  main  condenser  (or 
the  secondary  condenser  if  below  50  hp.),  exhaust  line 
being  fitted  with  mercury  column  and  vacuum  gage  if  the 
turbine  is  to  run  condensing  and  mercury  manometer 
and  compound  gage  if  the  machine  is  to  run  noncondens- 
ing  a  steam  gage  is  fitted  in  the  main  steam  line,  and 
usually  two  or  more  gages  between  the  governor  valve  and 
the  nozzle  inlets,  viz.,  in  the  .steam  belt  or  steam  "ring." 
Steam  temperatures  and  calorimeter  measurements  are 
taken  in  the  steam  line  immediately  before  the  governor 


Several  water  brakes  are  used,  each  covering  a  definite 
range  of  speed  and  horsepower,  the  capacities  overlap- 
ping sufficiently  to  have  a  brake  available  for  every  con- 
ceivable operating  condition. 

The  test-floor  equipment  also  includes  similar  prony 
brakes  for  running  tests  on  turbines  at  speeds  be- 
low the  satisfactory  operating  range  of  the  water  brakes. 

The  speed  is  read  by  a  tachometer  belted  to  a  brake 
shaft,  as  well  as  by  either  a  portable  hand  tachometer  or 
counter  applied  directly  to  the  end  of  the  sliaft.  The 
usual  method  of  procedure  is  to  first  adjust  the  turbine 
governor  to  a  speed,  say,  10  to  20  per  cent,  higher  than 
the  normal  speed.  The  required  steam  and  exhaust  con- 
ditions   are    then    obtained    and    maintained    constant 
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thrmighout  the  tost  by  adjusting  tlie  throttle  and  ex- 
haust valves,  the  load  meanwhile  being  built  iq)  on  the 
brake.  When  steam  conditions  are  reached,  the  load  on 
the  brake  is  varied  by  throttling  the  inlet  and  discharge 
water  until  the  desired  speed  is  reached  and  maintained. 
This  method  gives  the  least  number  of  varial)les  as 
well    as   permitting   the   absolutely   constant   steam    flow 


itself,  particularly  "ith  regard  to  the  conqjounding  of  di- 
rect-current generators ;  also,  the  final  heat-run  tempera- 
tures. 

In  the  case  of  blower  units,  the  tests  are  usually  in  ac- 
cordance with  the  type  of  service  for  which  the  blower  is 
designed.  Gas  blowers  are  either  tested  by  the  cone  meth- 
od, taking  pitot-tube  velocity  readings  at  the  end  of  a 


■Wafer  Outlef 

Fig.  7.  DiACiUAiiJiAxic  axd  Sixtujxal  ^'IEWs  of  Watki;  Bkake 


through  nozzles  necessary  for  water-rate  tests,  which 
would  not  be  the  case  if  it  was  attempted  to  operate  the 
machine  on  its  own  governor. 

Steam  readings,  water  and  brake  readings  are  taken  for 
a  reasonable  period,  say,  from  30  to  60  min.,  after  which 
time  the  steam  pressure  is  lowered  by  hand,  thns  obtain- 
ing partial  load  conditions,  and  another  test  made. 

Three  or  four  points  are  thus  taken  which  enable  the 
characteri.stic  curves  of  capacity,  total  steam,  and  water 
rate  to  be  plotted. 

From  the  results  of  a  great  number  of  tests,  the  total 
steam  passed  by  standard  designs  of  nozzles  has  been  care- 
fully checked  with  Xapicrs'  simple  foi-mula: 

To 

where 

II'  =  Pounds  of  steam  per  second  passed  by  nozzles; 
r  ^  Absolute  inlet  pressure  in  ])ounds  per  sq.in. : 
A  =  Total  area  of  orifice  in  s(i.iii. 

It  was  shown  that  it  is  possible  to  modify  the  constant 
70  .so  as  to  bring  the  total  water  rate  for  parti<ular  de- 
signs of  nozzles  as  calculated  by  this  method  within  the 
limits  of  accuracy  obtainable  by  actual  measurement. 

Tliis  method  has  been  repeatedly  verified  by  official 
tests,  and  has  been  found  so  reliable  that  it  is  employed  in 
a  great  nunii)er  of  tests,  thereby  reducing  the  time  re- 
quired to  conduct  a  test  to  a  minimum. 

In  the  majority  of  cases,  generating  sets  arc  tested  ui> 
to  full  load,  water  rheostats  being  used.  The  largest  re- 
sistance consists  of  a  series  of  alternate  stationary  and 
adjustable  plates  immersed  in  a  salt-water  bath,  the  ad- 
justal)le  plates  being  raised  or  lowered  by  a  windlass  ad- 
jacent to  the  test  switchboard,  it  being  possible  to  absorb 
direct-current  loads  up  to  about  30(10  ampere". 

With  each  generating  sot,  complete  records  are  made 
with  reference  to  governor  charai'leristics,  ptcam-ring 
pressures  at  various  loads  (from  whi<h  water  rates  may  be 
calculated")  as  well  as  the  characteristics  of  the  generator 


tapered  cone  fitted  to  Ijlower  ilischarge,  shown  in  Fig.  (5, 
or  by  taking  pitot-tube  readings  in  a  duct  fitted  to  the 
blower  outlet,  the  standard  ■"Taylor"  tuiie  used  for  these 
latter  tests. 

For    obtaining    iilowcr    clKi-iency    th' 
26  r 
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calibrated  liy  ninning  brake  tests  at  vai'ious  ring  ])rcssures 
as  well  as  at  \arious  sjjci'ds  and  ]dotting  these  results  in 
curve  form.  During  the  air  tests,  the  speed  and  ring 
l.rcssure  being  noted,  for  any  particular  delivery,  the 
brake  horsei)ower  delivered  may  be  interpolated  directly 
from  the  calibration  curves,  anil  as  the  air  hor.se]iower  can 
be  calculated  directly  from  the  ])ressure  and  capacity 
readings,  the  blower  efTicieiicv  may  be  directly  deter- 
mined. 

Blowers  or  fans  designed    for  ilisiliMige   into  a   closed 
compartment  an;  tested  out  by  actually  discharging  them 
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into  a  suitable  air-tight  room,  air  readings  for  capae-ity 
being  taken  in  the  blower  inlet,  which  is  fitted  with  a  tube 
of  sufficient  lenglh  to  obtain  parallel  steam  lines. 

All  test  log  sheets  are  in  the  form  of  loose  leaves  for 
loose-leaf  notebook,  which  proves  a  convenient  means  of 
preserving  data,  either  in  shop  tests  or  in  tests  made  in 
outside  power  plants. 

The  final  test  report  is  made  out  on  printed  forms 
signed  bv  the  inspecting  engineer,  it  being  possible  to 
easily  copy  by  blueprinting  without  danger  of  error. 

A  set  of  test  curves  is  shown  in  Fig.  8,  illustrating 
methods  used  in  graphically  recording  tests. 

Mark  Cold-Drawn  Steel  Union 

This  union  is  made  seamless  from  culd-drawii.  tlat- 
strip  steel.  Each  union  is  treated  by  a  sherardizing 
process  to  render  it  immune  from  rust  and  corrosion. 
This  process  consists  of  heating  the  parts  with  zinc  dust 
in  a  retort,  which  causes  the  zinc  to  penetrate  a  short  way 
into  the  metal,  and  also  leave  an  exterior  coating.  As  the 
threads  are  cut  before  the  treatment,  they  are  also  pro- 
tected against  corrosion  without  altering  their  sharpness 
and  fit. 

The  ^lark  union,  which  is  manufactured  by  the  ilark 


Seci-ioxal  axd  Kxtekidi;  View  of  tiik  M.\i;k  Uxiox 

Manufacturing  Co.,  Chicago,  111.,  consists  of  three  main 
])arts,  male  and  female  ends,  which  are  joined  by  a  coup- 
ling nut.  A  brass-ring  seat  fits  between  the  coupling 
ends,  as  shown.  The  union  is  threaded  to  Briggs  stand- 
ard for  pipe  threads,  and  carries  the  same  taper  as  the 
pipe.  The  expansion  and  contraction  of  the  union  under 
heat  or  cold  is  practically  the  same  as  the  pipe. 

Boiler-Efficiency  Chart 

By  Johx  C.  Pai;ki:u 

The  chart  herewith  shown  will  be  useful  in  connection 
with  tests  for  determining  the  efficiencies  of  boilers  at  all 
ratings  between  banked  fires  and  full  capacity,  and  fur 
calculating  the  results  of  individual  boiler  tests. 

From  the  ordinary  boiler-test  data  (gage  pressure, 
feed-water  temperature,  actual  water  and  fuel  per  hour 
and  heat  value  of  fuel)  the  equivalent  evaporation  per 
hour  and  per  pound  of  fuel,  horsepower  and  efficiency  can 
be  read  direct  from  the  chart  with  sufficient  accuracy  for 
ordinary  use.  The  chart  is  especially  valuable  as  a  check 
on  the  calculations  of  boiler  tests  and  serves  to  show  up 
improbable  results. 

The  moisture  in  the  steam  should  be  deducted  from 
the  quantity  of  water,  or  in  case  of  superheat  an  equiva- 


lent allowance  should  be  made  in  the  quantity  or  tem- 
))erature  of  the  feed  water.  When  the  quantities  are  be- 
yond the  range  of  the  chart,  take  one-half,  one-quarter 
or  one-tenth  as  the  case  demands,  and  for  horsepower 
multiply  by  the  same  factor. 

The  fuel  quantity  can  be  in  terms  of  fuel  as  fired,  dry 
fuel  or  combustible.     The  heat  value  of  the  fuel  must  be 
taken    on    the    same    basis.      The    following    problem    is 
worked  out  with  Fig.  1  as  a  key : 
Test  data: 

tiage  pressure.   15(1   lb.   ]icr  s(i.iii. 

Feed-water,  temperature,   G2   deg.   F. 

Actual  dry  steam  per  hour,  10,000  lb. 

Coal  per  iiour,  1200  lb. 

Heat  in  1  lb.  of  coal,  1.3,863  B.t.n. 
The  dotted  lines  and  arrows  shown  on  the  key  indicate 
a  simple  method  of  procedure.  Starting  at  the  pressure 
scale  (150  lb.),  move  horizontally  to  the  equivalent  feed- 
water  temperature  line  (62  deg.),  thence  vertically  down 
to  the  actual  water  evaporated  per  hour  (10,000  lb.), 
thence  horizontally  to  the  water  scale  at  the  left  and  re- 
turn along  the  inclined  water  line  to  the  same  ordinate. 
Here  read  the  equivalent  evaporation  per  hour  (12,000 
lb.).  Move  horizontally  to  the  fuel  per  hour  (1200  lb.), 
thence  along  the  evaporation  radial  (10  lb.)  to  the  B.t.u. 
(13,863)  and  vertically  upward  to  the  efficiency  scale 
(70  per  cent.). 

By  reading  the  10.000  11).  horizontal  water  line  as 
l.OObo  and  O.KkkiO  for  each  thousand  pounds  above  it, 
the  fnetors  dl'  e\;i|HirMlion  ;ire  found  along  the  inclined 
70   Per  Cent. 


Etti]ciency 

/ 

[     / 

1501  Lb. 

1  3,863 

B.f.u.           ^ 

1/ 

i 

1  2,000 

/Z.. 

44 

Lb.  of  Wafer 

__-/- 

--  — 

1     1 

1  0,000 

_«-.rr _, 

/L 

....-^^-.J 

\/ 

V 

V 

te 

^fk: 

■ci 

-.4 

PoWe(^ 

1.    Ki:y   ro  Chaut 


cqui\;ilent  water  line  which  starts  from  the  same  point 
(ill  the  water  scale.  To  find  a  factor,  move  vertically 
frojii  the  pressure-  and  feed-temperature  intersection  to 
the  10,000-lb.  horizontal  water  line,  and  that  portion  of 
the  ordinate  between  this  and  the  corresponding  inclined 
line  represents  the  decimal  part  of  the  factor  for  those 
conditions.  In  the  foregoing  ])roblem  the  factor  is  1.2000. 
The  dotted  curve  is  assumed  to  illustrate  the  char- 
acteristic trend  of  normal  efficiency  curves  from  banked 
fires  to  full  capacity.     Three  curves  are  combined  in  it: 

1.  The  water  curve  with  uniform  increase  in  combustion; 

2.  The  fuel  curve  with  uniform  increase  in  capacity;  3. 
The  economy  curve  at  all  ratings.  The  complicated  op- 
eration of  normalizing  separate  fuel,  water  and  efficiency 
curves  and  making  them  agree  is  thus  avoided. 
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The  normal  fflficiency  curve  shows  the  most  eeoiu)mi-  tallies  for  Centigrade  ami  Falirenlicit  tc-nipciMluics.  al>o 

cal  rating  ami  furnishes  the  necessary  data  for  estimat-  for  kilograms  and  pounds, 
ing  the  variahlc-load  fuel  consumption  for  normal  opcrat-  ..♦ 

ing  conditions.      It   is  also  a  valualilc  guide  to  economical  t,,,,  ^.,n  joaquln  Light  &  Pow.-r  Corporation  has  arranged 

operation    from    which    the    proper    number    of    hoilers    to  with    th.-   J.    G.   White    EnRlneerlng   Corporation    for    the    engl- 

'  .  ,        ,  1  i    ■        1  necring  and    construction   of   a  6(in0-l<v.a.   hydro-electric   plant 

carry  a  given  load  can  he  a.scertaincd.  ,,^  ,^^  ^^,^  j^i^^.,.  ^^^^  springviiie,  Caiif..  for  the  installation 

The    metric    scales    outside    the    main    chart    have    lioth-  „f  a   SOOO-kv.a.    generator  at  .San   .loaquln   power   house   No.    2. 

ing  to  do  with  its  ordinary  use.      They  are  added   for  con-  »   ^TSO   kv.a.   generator  and    wat.rwheel   at    Ke.n    Klver  Canon 

".  .  ,    ,        ■  1     -1        i      1  u  -.1  IMant.    the    Installation    of    a    fi2.';0-kw.    steam    turbine,    boilers 

Venient     comparison     of    foreign     boiler-test     results     with  ^^^^^^   auxiliaries  and   buildings  at    the   Hakersfleld   steam   plant, 

our    own.       The    scales    can    also    be     used     as    conversion  and    the    installation    of   four    fififi-kv.a,    transformers. 
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Vertical-Lift  Furnace   Doors 


SYNOP'^'^IS — The  design  and  operation  of  verlical-lift 
furnace  doors  are  described  herein.  They  are  desirable 
on  (he  furnaces  of  water-tube  boilers,  owing  to  the  fre- 
quency of  bursting  tubes,  as  they  safeguard  the  firemen 
against  acident  to  some  extent. 

Danger  of  iujury  to  firemen,  clue  to  the  blowing  open 
of  furnace  doors  when  a  tube  bursts,  as  pointed  out  in 


to  the  furnace  front.  An  I-beam  is  supported  on  iron 
columns  and  braced  by  iron  arms  attached  to  the  boiler 
fronts.  This  I-beam  supports  the  operating  lever  that  is 
hung  on  a  pin.  At  the  outer  end  of  the  lift  lever  a  num- 
ber of  weights,  balancing  the  furnace  door,  are  held  iu 
place  by  clamping  plates.  A  tube,  capped  at  both  ends 
and  partly  filled  with  mercury  is  attached  to  the  under 
side  of  the  weight  arm.     On  the  outer  end  of  the  weight 


Fig.  1.  ARPaxGF.iiEXT  of  Vertical- Lift  Doors  at  Hudsox  &  Maxhattax  Power  House 


a  recent  editorial,  has  been  reduced  by  the  adoption 
of  vertical-lift  or  swing  type  of  furnace  doors. 

An  installation  of  the  vertical-lift  type  is  shown  in 
Fig.  1.  This  arrangement  of  furnace  doors  is  in  the 
power  plant  of  the  Hudson  &  Manhattan  R.R.  Co.,  Jersey 
City,  X.  J.,  and  was  installed  by  the  McClave-Brooks  Co. 

An  examination  of  the  illustration  shows  the  operation 
of  the  doors.    The  lift  doors  run  in  guide  plates  attached 


arm  a  haml  rod  is  hooked  and  extends  to  within  reach  of 
the  firemen.  At  the  other  end  of  the  weight  arm  a  link 
connects  it  with  the  lift  door.  The  illustration  shows  the 
lift  doors  opened  and  closed. 

To  open  the  door  the  firemen  pulls  down  on  the  hand 
rod.  The  mercury  in  the  cylinder  runs  to  the  lower  end 
of  the  tube  as  soon  as  it  has  passed  a  horizontal  jiosition. 


3-6*  Furnace  wictfh 


Fig.  3.    Couxter- Weighted  Vertical-Lift  Doors 
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As  the  counterweight  balances  the  wHght  of  the  door 
and  link  connection,  the  additional  weight  of  the  mercury 
keeps  the  door  open  until  the  fireman  pushes  up  on 
the  hand  rod  and  closes  the  door.  The  mercury  then 
runs  to  the  opposite  end  of  the  cylinder  and  overbalances 
the  counterweights.  The  doors  are  locked  shut  by  the 
lugs  shown  on  each  side  of  the  door,  and  which  lock  over 
the  projection  on  each  side  of  the  door. 


Fio, 
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A  similar  iloor,  hut  oiierated  liy  .ounterweiiihls  is 
•shown   in   Fig.  2. 

An  English  locomotive  type  of  fire-door  is  sliown  in 
Fig.  :].  A  handle  .4  serves,  by  a  lateral  pull,  to  open 
the  two  sliding  doors  of  the  furnace.  The  door  when 
closed  is  an  effective  preventer  ol'  any  flame  outburst 
and,  in  a  modified  form,  could  be  applied  to  the  fronts  of 
stationary  boilers.  An  equal  movement  of  the  two  halves 
of  the  door  is  secured  by  pivoting  at  a  ])oint,  such  as  F. 
The  curvature  of  the  movement  at  D  is  taken  care  of  by 
a  slot. 

A  cloor  long  u.sed  in  England  is  a  thin  curved  iron  dnor. 
Fig.  4.  A  weighted  lever  11'  halances  the  dixir,  which 
"iirks  stiff  enough  at  any  position  to  resist  tiie  pull  of 
the  draft,  but  not  .so  stiff  as  to  prevent  its  being  closed 


in  the  event  of  an  explosion  in  the  furnace.  As  the  door 
can  be  left  slightly  open  after  firing,  air  can  be  admitted 
above  the  fire,  as  desired. 

Another  type  of  furnace  door,  made  by  James  Beggs 
&  Co.,  which  cannot  blow  open  if  a  tube  should  burst,  is 
illustrated  in  Fig.  5.  It  is  hinged  at  the  top  by  a  hinge 
pin  which  is  bolted  to  the  front  of  the  east-iron  fire-door. 
The  hinge  pin  hangs  in  bearing  bosses  on  the  boiler  front. 
The  door  is  lined  with  i\-in.  steel  plate. 

A  counterweight  extends  across  the  furnace  door.  When 
the  door  is  tilted  inward,  the  counterweight  is  moved 
beyond  the  center  line  of  gravity  and  holds  the  door  in 
a  horizontal  position  out  of  the  way  of  the  firemen.  AVhen 
the  door  is  closed  the  bottom  edge  strikes  the  dead  plate 
before  the  door  readies  a  vertical  position,  leaving  the 
door  at  an  angle  of  about  82  deg.  If  a  tube  bursts  the 
force  of  the  steam  and  water  is  exerted  against  the  door 
tending  to  close  it  still  tighter. 

Xo  door  is  a  protection  against  furnace  explosions 
when  open,  while  iiring,  but  tho.se  shown  would  be  a 
valuable  safeguard. 

Elastic  Corrugated  Piping 

Eecently  a  process  of  manufacturing  corrugated  tul)es 
has  been  patented,  by  which  either  standard  wrought-iron 
or  steel  tubes  can  be  corrugated  by  the  Maciejewski  pro- 
cess, as  it  is  known.  According  to  the  pressure  and  size 
required,  small-  and  medium-size  tubes  are  made  from  or- 
dinary steel  tubing;  for  large  diameters,  lap-welded  and 
re  rolled  tubes  are  used. 

The  corrugations  are  made  by  a  method  of  pressing  the 
material  together,  a  special  patented  machine  being  em- 
ployed. The  process  shortens  the  tubes  as  the  corru- 
gations are  pressed  into  them,  at  equal  distances  apart, 
but  without  decreasing  the  original  inside  diameter,  and 
the  thickness  remains  uniform  and  is  the  same  as  in  the 
original  tube. 

During  the  process  of  corrugating,  any  defects  in  the 
material  at  once  l)ecome  apparent.  Interesting  examples 
of  corrugated  tubes  are  shown  in  Fig.  1.  They  can  be 
made  in  sizes  from  1%  in.  up  to  18  in.,  including 
diameters  suitable  for  use  in  boilers.  Here  the  average 
length  is  about  Vi  ft.,  although  any  other  length  can  be 
manufactured  if  recjuired.  The  tubes  for  very  long  lines 
can  be  partly  corrugated. 

In  steam-pipe  lines,  contraction  and  expansion  caused 
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by  the  steam,  vibrations  of  the  engines,  pumps  ami  other 
units  are  effectively  taken  care  of  by  the  elastic  property 
of  the  tubes.  In  fire-tube  boilers,  a  greater  heating  sur- 
face is  secured,  and  the  strain  removed  to  a  large  extent 
from  the  tube  sheets  and  the  combustion  chamber.  In 
superheaters,  the  heating  surface  is  increased  and  in  radi- 
ators for  steam-  and  for  hot-water  heating  systems,  owing 
to  the  large  outside  surface,  more  heat  is  given  off  than 
with  ordinary  straight  pipes,  consequently  smaller  radi- 
ators can  be  used. 

Another  advantage  is  where  the  space  for  expansion 
and  contraction  is  limited  and  large  bends  cannot  be 
made.  When  steam  is  turned  on  or  off  there  is  a  wide 
variation  in  the  temperature ;  hence  there  is  considerable 
linear  movement  in  the  line  and  its  branches  to  the  vari- 
ous units.  This  movement  is  easily  taken  up  by  a  length 
of  this  corrugated  pipe. 

On  account  of  the  easy  bending  properties  of  corrugated 
tubes  very  small  radii  can  be  obtained  having  a  large 
amount  of  elasticity.  For  instance,  a  smooth  pipe  10  in. 
in  diameter,  having  a  height  of  108  in.  and  a  108-in. 
throat,  has  a  maximum  expansion  of  2  in.  A  corrugated 
tube  of  the  same  diameter  but  only  63  in.  high  and  a 
55-in.  throat,  has  an  expansion  of  5i/^  in.  Hence  a  pipe 
line  having  an  expansion  of  51^  in.  would  require  three 


Fig.  2.  Difff.kexce  ix  Pipe  Movement 


bends  of  smooth  pipe  with  a  combined  length  of  about  81 
ft.,  or  only  one  corrugated  tube  12  ft.  long. 

In  Fig.  2  an  ordinary  6-in.  pipe  is  shown,  bent  in  the 
shape  of  a  loop,  one  end  being  fixed  and  the  other  free  to 
move. 

When  subjected  to  a  lateral  pressure  of  1289  lb.  the 
axial  movement  was  lli/^  in.  A  corrugated  pipe  of  the 
same  size  and  thickness  was  bent  and  fastened  as  the 
plain  pipe;  on  applying  330  lb.  pressure  there  "was  an  axial 
movement  of  39I/4  in.,  or  over  three  times  that  of  the 
smooth  pipe. 

The  process  for  making  this  corrugated  pipe  is  pat- 
ented in  Europe  and  the  United  States  by  N.  Macie- 
jewski.  The  pipe  is  bemg  made  in  Russia,  Germany, 
Belgium  and  France.  The  United  States  patents  are  for 
sale  by  Schuchart  &  Schutte,  90  West  St.,  Xew  York 
Citv. 


The  coal-production  figures  of  1912  are  being  compiled  as 
rapidly  as  possible,  and  from  reports  already  received  it  ap- 
pears that  the  total  output  of  Alabama  mines  will  be  weU 
over  18.000,000  tons,  which  is  approximately  a  21  per  cent, 
increase  over  1911.  This  abnormal  increase  in  coal  con- 
sumption bespeaks  the  wonderful  industrial  progress  now 
being  made  in  Alabama  and  adjacent  states.  Many  new 
mines  are  being  opened  with  the  expectation  of  getting  a 
goodly  supply  of  the  coal  business  that  will  naturally  develop 
in  connection  with  the  Panama  Canal  trade.  If  adequate 
shipping  facinties  are  furnished,  the  year  of  1913  will  show 
a   substantial    increase    over    last    year. — "Coal    Age." 


The    Flow   of  Steam  through  Pipes 

By  II.  v.  C'arpexter* 

Judging  from  the  comments  I  have  received  since  the 
publication  of  the  charts  representing  the  flow  of  steam 
(Power,  Dec.  17,  1912,  page  889),  it  appears  that  the  fol- 
lowing charts  covering  much  lower  pressures  and  larger 
pipes  may  be  of  interest :  The  charts  now  given  cover 
pressures  from  0.1  in.  of  mercury,  absolute  pressure,  up 
to  25  lb.  per  sq.in.  absolute,  and  pipe  sizes  from  2  to  60 
in.  in  diameter;  while  those  previously  published  covered 
pressures  from- 6  to  500  lb.  per  sq.in,  and  pipes  from  1 
to  20  in.  in  diameter. 

The  original  experiments  do  not  give  sufficient  data  to 
warrant  the  use  of  the  formulas  over  as  wide  a  range  as 
is  covered  by  the  charts  shown  here,  but  the  results  seem 
to  check  quite  well  with  practice  so  they  can  perliaps  be 
accepted  as  representing  the  truth  as  closely  as  is  pos- 
sible at  present. 

As  before,  the  method  of  reading  the  charts  is  shown  by 
the  heavy  dotted  lines;  for  example,  following  the  dotted 
lines  on  the  velocity  chart,  it  is  found  that  if  the  loss  of 
pressure  is  assumed  to  be  1  lb.  per  100  ft.  of  pipe,  in  a 
12-in.  pipe,  and  the  absolute  pressure  is  5  lb.  per  sq.in. 
at  the  middle  of  the  pipe  line,  then  the  velocity  of  the 
steam  will  be  a  little  over  41,000  ft.  per  min. ;  or,  if  the 
pressure  is  3  in.  of  mercury  the  velocity  will  be  nearly  71,- 
001)  ft.  per  min. 

In  a  similar  way  the  quantity  chart  shows  that,  with  a 
drop  of  1  lb.  per  100  ft.,  in  a  12-in.  pipe,  and  an  average 
pressure  of  5  lb.  per  .sq.in.,  the  quantity  of  steam  delivered 
will  be  I-IO  11).  per  niin.:  or,  if  the  pressure  is  3  in.  of 
mercury,  250  lb.  |ier  niiu,  will  be  delivered;  or,  if  the 
pressure  is  1  in.  of  mercury,  150  lb.  will  be  delivered.  J 

The  charts  may,  of  course,  be  worked  in  any  direction      I 
.■<o  that  if  any  three  of  the  quantities  are  known  or  as- 
sumed the  fourth  may  be  determini'd. 

It  will  be  noted  that  by  using  both  charts  for  the  same 
case  the  velocity  required  to  deliver  a  given  quantity  of 
steam  per  minute  may  be  determined;  for  example,  in  the 
first  case  given  above  it  follows  from  the  results  obtained 
with  both  charts  that  to  deliver  440  lb.  of  steam  per  min. 
through  a  12-in.  pipe  at  an  average  pressure  of  5  lb.  abso- 
lute, a  velocity  of  41,000  ft.  per  min.  will  be  required. 

All  of  the  charts  are  calculated  for  saturated  steam. 
There  should  be  little  error,  however,  in  their  use,  for 
superheated  .steam  provided  that  instead  of  the  actual 
pressure  of  the  superheated  steam  we  use  the  pressure  at 
which  saturated  steam  has  the  same  weight  per  cubic  foot. 

In  the  calculation  of  the  charts  it  has  been  assumed 
that  the  nominal  diameter  of  the  pipe  is  its  actual  diam- 
eter. The  error  due  to  this  will  not  be  noticeable,  except, 
perhaps,  for  piping  over  12  in.  in  diameter,  which  is  rated 
by  its  outside  diameter.  In  these  larger  sizes  the  actual 
inside  diameter  should  be  used  in  applying  the  charts. 

If  it  should  be  desired  to  apply  the  charts  to  ])ipes 
which  are  not  circular  in  cross-section,  it  would  be  neces- 
sary to  calculate  the  hydraulic  radius  (cross-section 
divided  by  perimeter)  of  the  conductor.  This  multiplied 
by  four  would  be  the  equivalent  diameter. 

The  enormous  velocities  which  the  velocity  chart  shows 
to  be  permissible  at  low  pressures  emphasize  the  need  of 
avoiding  sudden  bends  or  off,sets  in  condenser  piping. 

•Professor  of  mechanical  and  electrical  engineering.  State 
College  of  Washington, 
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Sparking 

By  H   F.  Brri.KK 

In  the  operation  of  electrical  machinery  and  par- 
ticularly in  the  case  of  direct-current  generators  and 
motors  the  fault  most  commonly  met  with  is  sparking  at 
the  brushes.  There  are  in  all  about  thirty  causes  for 
sparking,  a  number  of  which  are  due  to  faulty  design  or 
errors  in  erection.  These  will  not  be  considered  here,  but 
instead,  only  those  classed  as  operating  faults.  The  fol- 
lowing remarks  apply  only  to  machines  fitted  with  car- 
bon brushes  as  these  are  in  the  majority. 

Probably  the  most  frequent  cause  of  sparking  is  over- 
loading. An  ammeter  in  circuit  is  the  most  reliable  guide 
to  this.  The  sparks  from  an  overload  are  bluish  white 
and  extend  the  whole  width  of  the  brush.  All  the  brushes, 
as  a  rule,  sparking  equally.  If  the  overload  be  increased 
the  sparks  will  get  longer  and  longer  until  an  arc  is  set 
np  from  holder  to  holder.  This  is  known  as  a  ''flash- 
over"  and  in  the  case  of  a  motor  may  burn  the  brush 
gear  and  damage  the  armature.     In  a  generator  it  will 


Fig.  1 

have  the  effect  of  short-circuiting  the  armature.  Usually 
no  damage  will  result  electrically  as  this  will  destroy  the 
magnetism  of  the  fields  and  so  bring  the  voltage  down 
to  zero,  but  a  sudden  and  severe  strain  is  put  upon  the 
driving  end  of  the  machine.  The  remedy  is,  of  course, 
to  find  and  remove  the  cause  of  the  overload. 

Another  common  cause  of  sparking  is  high  or  low  seg- 
ments or  mica.  As  the  brushes  pass  the  faulty  places 
they  jump  and  partially  break  the  circuit,  this  results 
in  flashing  or  arcing,  and  the  faulty  bar  and  those  near 
it  will  be  rough  and  blackened. 

Very  little  can  be  done  with  bad  segments  except  to 
change  them.  In  the  case  of  high  bars  of  mica,  take  out 
the  armature  and  turn  up  the  commutator  in  a  lathe, 
first  wrapping  the  winding  near  the  commutator  to  pre- 
vent turnings  getting  in  and  lodging  at  the  back  of  the 
commutator.  After  this  has  been  done  make  a  tool  as 
shown  in  Fig.  1  and  recess  the  mica  ^V  to  Vc4  in- 

The  cranked  shape  is  useful  for  getting  at  a  commu- 
tator without  removing  the  armature.  Oily  or  dirty  com- 
mutators are  also  a  common  cause  of  sparking  and  here 
the  remedy  is  usually  obvious.  Points  to  note  in  ma- 
chines which  have  a  tendency  to  throw  oil  are  that  the 
oil  grooves  do  not  extend  right  through  to  the  inner  edge 
of  the  bearing,  that  the  overflow. is  not  choked  up,  and 
also  that  the  oil  is  not  too  thin  at  the  highest  tempera- 
ture of  the  machine. 


A'ibratioii.  more  especially  in  motors,  is  a  common  cause 
of  sparking.  It  may  originate  either  in  the  machine  or 
from  some  external  source.  First  examine  the  pole- 
pieces  to  see  if  they  are  tight;  also  the  foundation  bolts. 
Note  if  the  bearings  are  worn;  if  so,  they  are  likely  to 
rattle.  See  if  the  shaft  is  bent  or  sprung.  Moreover,  a 
pinion  too  deep  in  the  gear  or  badly  worn  may  cause  the 
vibration.  Rawhide  or  pajser  pinions  sometimes  work 
along  the  shaft  and  run  on  the  metal  shrouding.  In  the 
case  of  belts  flapping,  bad  joints  should  be  looked  for. 
Try  the  armature  for  endplay;  if  this  is  excessive,  turn 
a  washer,  preferably  of  brass,  of  such  thickness  as  tu 
leave  about  gW-in.  endjjlay.  Place  this  on  one  end  of 
the  shaft  so  as  to  bring  the  brushes  about  central  on  the 
commutator. 

Excessive  vibration  will  often  cause  the  coils  to  l)reak 
near  where  they  are  soldered  to  the  commutator.  Spark- 
ing due  to  such  an  open  circuit  in  the  armature  cannot 
very  well  be  mistaken.  It  is  a  vicious  green,  due  to  the 
arc  set  up  between  two  adjacent  segments,  and  shows 
itself  as  a  ring  of  fire  often  extending  all  round  the 
armature.  On  stopping  the  machine  the  burnt  portion  is 
very  evident.  In  a  four-pole  machine  it  will  be  noticed 
that  two  places  are  marked,  although  there  may  be  only 
one  break.  If  the  disconnected  end  of  the  coil  can  be 
seen  it  can  often  be  repaired  at  once  with  a  soldering 
iron.  When  a  temporary  repair  is  necessary  to  keep  the 
machine  going,  bridge  the  burnt  segments.  If  it  is  a 
four-pole  machine  start  up  and  watch  closely  to  see  if  it 
smells  or  smokes.  If  it  does,  then  the  wrong  pair  has 
been  bridged.  Clean  them  out  and  scrape  the  mica  be- 
tween them  until  it  shows  clear,  then  bridge  the  other 
pair  of  burnt-out  segments  and  when  making  the  re- 
pair permanent,  do  not  forget  to  clean  them. 

Of  the  purely  electrical  causes  of  sparking  the  most 
common  is  the  wrong  position  of  the  brushes.  Fre- 
quently the  brush  gear  is  insecurely  clamped  and  it  works 
around  into  the  wrong  position.  The  writer  recalls  a 
case  of  a  four-pole  shunt  machine  of  15  hp.,  which  on 
test  at  full  load  was  observed  to  spark  badly  at  one  set 
of  brushes,  while  the  other  three  w^ere  all  right.  On  mov- 
ing the  rocker  the  sparking  at  this  set  disappeared,  but 
the  other  three  sets  started  sparking.  After  an  inspec- 
tion had  been  made,  a  band  of  paper  was  pasted  around 
the  commutator  and  divided  off  equally  into  four  parts; 
it  was  found  that  one  set  of  brushes  was  not  diametrical- 
ly opposite  the  other,  the  rocker  casting  being  at  fault. 

Faulty  field  coils  are  another  cause  of  sparking.  Some- 
times oil  in  the  bottom  of  the  motor  case  will  rot  the  in- 
sulation and  either  ground  or  partially  short-circuit 
them.  With  faulty  field  coils,  in  addition  to  sparking, 
the  speed  is  often  excessive  and  the  motor  does  not  start 
up  well.  This  is  often  a  clue  to  the  trouble.  If  there  is 
a  ground  on  the  field  coils  and  one  of  the  main  leads  is 
also  grounded,  either  by  accident  or  otherwise,  the  trouble 
may  be  located  by  feeling  the  coils  and  noting  whether 
some  of  them  are  hot  and  others  cold. 
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Brushes  also  spark,  owiug  to  too  little  tension  or  from 
too  much  tension.  About  2  lb.  per  sq.in.  is  correct  for 
most  motors,  although  for  traction  and  raihvaj'  motors 
up  to  6  lb.  is  sometimes  necessary.  Some  brushes  are 
copper-plated,  aud  if  they  happen  to  wear  so  that  the 
copper  gets  onto  the  commutator,  sparking  will  be  set 
up  and  the  commutator  will  be  roughened.  Dirt  and 
grease  will  cause  the  brushes  to  stick  in  the  holders ;  also, 
if  they  are  at  all  tight- they  are  likely,  to  swell  when  hot. 
If,  on  the  other  hand,  they  are  too  slack,  they  will  wobble 
in  the  holder  and  become  rounded  at  the  end,  and  spark- 


@ 
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Fig.  2 

ing  will  result  because  of  msutticient  contact  with  the 
Lommutator. 

A  brush  is  right  when  it  will  just  slide  through  the 
holder  onto  the  commutator  by  its  own  weight.  When 
many  brushes  are  used  it  is  cheaper  to  make  a  gage  and 
icject  those  not  of  size.  Too  little  tension  is  sometimes 
due  to  the  springs  becoming  weakened  by  the  current 
])assing  through  them.  This  is  usually  due  to  bad  de- 
sign and  every  brush  should  be  fitted  with  tags  or  pig- 
tails to  shunt  the  current  from  the  springs. 

A  traction  motor  which  not  only  burnt  up  springs,  but 
two  sets  of  holders  in  less  than  six  months  was  cured 
in  this  way.  The  lirushes  were  filed  3%  in.  deep  and  % 
in.  down  on  both  sides.  A  piece  of  I'g-in.  .strip  copper 
was  bent  to  form  three  sides  of  a  square,  fitted  over  the 
field  portion  of  the  brush,  drilled  and  countersunk.  A 
jiiece  of  dynamo  fie.x  was  placed  between  the  top  of  the 
brush  and  the  strip,  squeezed  down  and  a  bolt  put  through 
and  fitted  with  a  countersunk  nut.  To  make  all  secure 
the  end  of  the  bolt  was  lightly  riveted  to  kee])  the  nut 
from  working  olf.  The  other  enil  of  the  flex  was  clamijcd 
under  a  setscrew  tajiped  into  the  body  of  the  brush-holder. 
The  copper  tip  did  not  extend  the  whole  width  of  the 
linish  as  the  tension  spring  only  pressed  on  the  center. 
This  gave  room  for  the  flex  to  be  brought  uj)  alongside. 
Fig.  2  shows  how  this  was  done. 

Liquid  Rheostats  for  Large  Alternat- 
ing-Current Motors 

'I'he  use  of  large  alternating-current  slijj-ring  motors 
fur  driving  mine  hoists,  winding  gears,  rolling  mills,  etc., 
has  increased  largely  during  tiie  past  few  years  and  has 
created  a  demand  for  a  simple,  efllicient  and  economical 


controller.  To  meet  this  demand  the  Westinghouse  liquid 
rheostat  has  been  developed. 

These  rheostats  provide  an  infinite  number  of  steps 
between  the  minimum  and  maximum  limits,  thus  permit- 
ting the  fine  speed  adjustments  and  very  smooth  acceler- 
ation. 

The  rheostat  consists  of  two  compartments,  an  upper 
tank  for  the  electrodes,  and  a  lower  reservoir.  The  three 
phases  of  the  rotor  are  connected  to  electrodes  suspended 
in  the  upper  tank.  A  small  motor-driven  pump  pumps 
a  steady  stream  of  liquid,  usually  a  solution  of  soda,  from 
the  reservoir  into  the  electrode  tank,  and  back  into  the 
reservoir  over  a  weir.  By  raising  or  lowering  the  weir, 
the  height  of  the  liquid  in  the  electrode  tank  is  corres- 
pondingly varied.  The  resistance  in  the  rotor  circuit 
decreases  as  the  liquid  level  rises,  and  rice  versa,  and  the 
motor  speed,  of  loiirse,  changes  with  the  rotor  re- 
sistance. 

The  primary  circuit  of  the  motor  is  closed  and  opened 
by  means  of  electrically  operated  switches,  which  are 
controlled  by  a  master  switch  mounted  on  the  rheostat. 

The  operating  lever  of  the  rheostat  controls  both  the 
master  switch  and  the  weir.    When  the  lever  is  in  its  cen- 
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tral,  or  off,  position,  the  primary  switches  are  open  and 
the  weir  at  its  lowest  level,  so  that  the  secondary  resist- 
ance is  a  maximum.  Moving  the  lever  in  one  direction 
do.ses  the  proper  prinuiry  switches  for  starting  the  motor 
forward  and  raises  the  weir.  Moving  the  lever  in  the 
o])posite  direction  reverses  the  motor  and  again  raises  the 
weir. 

Spccij  contnil  is  secin'cd  liv  varying  the  ])osition  of  the 
Weir  by  moving  the  lever;  the  jiriniary  switches  do  not 
open  until  the  lever  is  placed  in  the  off  i)osition. 

A  valve  in  the  intake  ])i]>e  of  the  electrode  tank  regu- 
lates the  rate  at  which  the  licpiid  is  j)umped  in,  so  that 
no  matter  how  <|uickly  the  o]ierating  lever  is  moved,  the 
li(iuid  can  only  ri.se  at  the  rate  for  which  tho  valve  is 
adjusted,  thus  fixing  the  rate  of  acceleration.  When  the 
lever  is  returned  to  the  off  i)ositioii.  the  weir  drops  and 
the  liquid  level  pr()nii)tly  falls. 

Cooling  coils  in  the  reservoir  prevent  rapid  evaporation 
of  the  liquid. 

Tiiese  rheostats  are  maike  in  ca])acities  of  from  4(K»  '  ^' 
1500   horsepower.  ■"•"' 
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Static  Charges  on  Belts 

In  the  Apr.  15  issue  is  a  letter,  by  L.  A.  DeBlois,  dis- 
cussing static  charges  ou  belts.  For  nearly  16  years  I 
have  had  to  do  with  belts  and  have  never  known  a  case 
where  static  electricity  in  a  belt  could  not  be  entirely 
cured  by  treatment  with  Cling-Surface.  In  one  instance 
a  belt  driving  a  generator  supplying  current  to  arc  lights 
in  a  large  railroad  shop  produced  a  heavy  static  charge 
in  spite  of  an  attempt  to  ground  it  by  means  of  chains 
dangling  very  close  to  the  belt.  After  the  first  Cling- 
Surface  treatment  the  chains  were  removed  and  the  belt 
never  again  showed  a  static  charge. 

Charles  F.  Chase. 

Philadelphia,  Penn. 

Hollow  Conductors 

In  the  May  \-'>  issue  there  is  an  article  by  Clifford  B. 
Parlinian  cntithd  "Alternating-Current  Conductors," 
which  takes  up  what  is  known  as  "skin  effect"  and  the 
way  of  overcoming  it. 

His  description  of  the  can.se  of  skin  effect  is  hardly  what 
I  have  been  taught  to  believe,  and  I  should  think  that 
a  more  accurate  statement  would  be  to  say  that  the  sud- 
den increase  in  the  amount  of  current  flowing  in  a  con- 
ductor, from  zero  to  a  maximum,  then  down  to  zero,  and 
then  to  a  maximum  in  the  other  direction  when  alternat- 
ing current  is  used,  sets  up  counter  electromotive  forces 
due  to  the  cutting  of  flux  in  the  material.  At  the  cen- 
ter of  the  conductor  these  counter  electromotive  forces 
are  stronger  than  at  the  circumference  so  that  it  is  harder 
for  the  currents  to  get  started  there.  As  a  result  the 
current  is  flowing  at  the  outside  for  an  appreciable 
time  before  it  begins  at  the  center  and  with  a  high- 
frequency  current  the  reverse  comes  too  soon  for  there 
to  be  much  current  in  the  center  of  the  coiiductur  at  any 
time. 

On  account  of  the  permeability  of  an  iron  wire,  there 
is  with  it  considerable  skin  effect,  but  with  copper  and 
aluminum  the  effect  is  very  .slight  except  when  large  con- 
ductors are  used  and  the  frequency  is  much  higher  than 
usual. 

The  heating  mentioned  by  Mr.  Parliman  as  taking 
place  in  solid  conductors  transmitting  alternating  cur- 
rent is  no  greater  than  would  occur  with  direct  current  if 
the  resistance  of  the  conductor  were  increased  in  a  pro- 
portion equal  to  the  apparent  resistance  of  the  wire  men- 
tioned by  him.  The  only  result  of  the  skin  effect  is  to 
increase  the  resistance  slightly  due  to  the  current  not 
being  at  its  maximum  density  in  the  center  of  tlie  wire 
or  bar. 

'"'^''  footnote  to  the  article  in  question  mentions  "Fos- 

''  "  and  if  the  tables  given  there  are  con- 

n  what  a  very  little  difference  the 

in  the  apparent  resistance  of  a  wire 

i\  frequencies  and  sizes  of  wire.  Even 

re,  a  large  size  for  high-tension  trans- 

ycles,  the  apparent  increase  in  resist- 

me-half  of  1  per  cent.    While  the  New 
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might  be  interested  on  account  of  the 


very  large  currents  handled  by  it,  yet  the  feeders  are 
tapped  off  the  busbars  so  that  each  part  of  the  bus- 
bar carries  but  a  small  portion  of  the  entire  current  gen- 
erated at  the  station  and  as  that  current  is  generated  at 
25  cycles  the  apparent  resistance  will  be  much  less  than 
would  be  the  case  with  a  60-cycle  station. 

Hollow  busbars  were  used  by  the  Philadelphia  Edison 
Co.  at  least  13  years  ago.  In  Philadelphia  it  was  ad- 
mitted that  so  far  as  the  influence  on  the  skin  effect  was 
concerned,  they  were  not  necessary,  but  that  the  use  of 
cojjper  tubing  was  preferable  to  wire  because  of  its  in- 
CTcased  stiffness. 

G.  H.  McKicLWAY. 

Brooklvii,  N.  Y. 


Care    of  Brushes 

\^  bile  boiling  brushes  in  mineral  oil  or  employing  spe- 
cial self-lubricating  brushes  is  undoubtedly  a  remedy  for 
many  troublesome  commutators,  still  I  question  if  it  is 
always  necessary  to  resort  to  these  means.  In  most  cases 
if  the  engineer  will  start  off  with  a  true  and  smooth 
commutator  and  properly  fitted  brushes,  which  require 
only  a  minimum  tension  on  the  springs,  and  will  refrain 
from  using  patent  dressings,  but  simply  touch  over  the 
commutator  occasionally  with  a  j)icce  of  pure  paraffin 
wax  and  then  wipe  with  a  clean  rag,  he  will  soon  have  a 
good  brown  surface  and  brushes  requiring  minimum  at- 
tention. 

Tensidu  on  the  brushes  should  l.>e  set  by  the  aitl  of  a 
small  sj)ring  balance,  so  that  all  the  brushes  will  bear 
with  an  equal  pressure.  This  refers  especially  to  hi-gli- 
speed  machines;  the  pressure  will  vary  from  about  8  to 
10  oz.  per  sq.in.  of  brush  surface  in  slow-speed  ma- 
chines up  to  11/4  lb.  in  the  high-speed  types. 

Moreover,  the  brushes  should  be  of  such  a  fit  in  the 
holders  that  they  will  freely  slide  up  and  down  witliout 
rattling  and  on  no  account  should  the  brush-holder  be 
relied  upon  to  conduct  the  current  to  or  from  the  ma- 
chine. The  current  must  be  cared  for  by  flexible  leads 
carefully  fixed  into  the  brush,  if  possible  running  the 
full  width  of  the  brush  so  as  to  prevent  local  heating. 

Edward  Risskll. 

Kochdale,    England. 

Briquetted  fuel  manufacture  in  the  United  States  is 
passing  out  of  the  experimental  stage.  The  production 
in  ]yi2  was  220,064  short  tons,  valued  at  $952,261.  Of 
the  19  briquetting  plants  operating,  seven  used  anthra- 
cite culm,  nine  bituminous  slack,  one  carbon  residue  from 
gas  manufactured  from  oil,  one  mixed  anthracite  culm 
and  bituminous,  and  one  used  peat.  One  plant  at  Detroit 
and  one  plant  at  Philadelphia,  constructed  for  utilizing 
coke  breeze,  were  not  operated  in  1912,  the  abrasive  ac- 
tion of  the  coke  dust  being  so  destructive  of  the  molds 
and  machinery  that  the  plants  have  been  shut  down. 

The  quantity  of  raw  material  available  for  briquets 
is  ample  and  obtainable  at  little  cost.  The  briquetting 
cost  is  $1  to  $1.25  per  ton.  Slack  piles  at  many  mines 
have  sometimes  been  burned  to  prevent  cumbering  the 
ground.  The  220,064  tons  of  briquets  made  in  1912 
represent  but  a  drop  taken  from  the  bucket  of  available 
material. — Geological  Survcy'ti  "Mineral  Resources  in 
1912." 
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Operation    of   Gas    Engines  Using 
Blast-Furnace  Gas* 

By   Charles   C.    S.v.Mr.sox 

The  operation  of  gas  engines  using  blast-furnace  gas 
includes  several  important  factors  outside  the  actual 
operation  of  the  engines  themselves.  One  of  the  most 
important  of  these  is  cleaning  the  gas.  As  delivered  by 
the  furnaces  it  contains  normally  from  3  to  10  gr.  of  dust 
per  cu.rt.,  but  at  times  of  slips  or  other  sudden  changes 
in  the  furnace,  it  carries  much  more.  For  use  in  engines 
the  gas  must  be  cleaned  to  at  least  0.02  gr.,  but  even  this 
figure  is  too  high  to  satisfy  the  operating  engineer  since 
it  is  possible  to  clean  the  gas  to  0.005  or  0.006  gr.  per 
cu.ft.  with  great  benefit  to  the  engines. 

The  method  of  cleaning  most  used  at  present  has  three 
stages:  (1)  Dry  cleaning  to  IV2  or  2  gr.  per  cu.ft.,  which 
is  always  done  by  the  blast-furnace  department:  (2) 
primary  washing  in  static  washers  to  about  0.1.5  gr.  per 
cu.ft.:  and  (3)  dynamic  or  mechanical  cleaning  in  higliiy 
developed  machines  to  0.015  or  less.  The  last  stages  are 
usually  handled  by  the  gas-engine  department. 

Dry  Cli:.\xix(; 

Dry  cleaning  is  done  in  dry-dust  catchers,  the  stand- 
ard design  being  a  vertical,  cylindrical  shell  of  large 
diameter  into  which  the  gas  enters  tangentially  near  the 
top  and  leaves  through  a  vertical  outlet  pipe  extending 
about  two-thirds  down  from  the  top.  These  dust  catch- 
ers remove  the  heavier  particles  of  dust,  but  their  effi- 
ciency is  only  about  80  per  cent.,  as  they  are  apt  to  pick 
up,  or  ]>erhaps  do  not  drop,  the  finer  dust,  which  is  car- 
ried on  by  the  upward  current  of  gas  to  the  outlet. 

Sudden  changes  in  the  direction  of  flow  of  the  gas,  as 
at  water  seals  or  other  bends,  are  rjuite  efficient  in  the  re- 
moval of  dust.  In  one  case  gas  carrying  about  5  gr.  per 
cu.ft.  ])assed  through  four  sharp  bends  and  reduced  the 
dust  content  to  2  gr.  per  cu.ft.  For  this  reason  every  part 
of  the  dry-gas  main  where  sudi  bends  arc  necessary  can 
be  made  to  assist  materially  in  cleaning  the  gas,  if  pockets 
and  valves  are  provided,  .so  that  the  dust  can  be  con- 
veniently removed. 

Where  long  gas  mains  are  necessary,  they  can  be  made 
to  add  to  the  cleaning  of  the  gas  by  Iniihling  them  in  suc- 
cessive lengths  with  sufficient  rise  and  fall  to  allow  the 
dust  to  settle  in  pockets  at  the  bottom  angles.  Tf  the 
gas  for  any  reason  moves  slowly  in  a  long  main  the  loss 
of  heat  through  the  pipe  will  probably  reduce  the  tem- 
perature below  the  dew  ])oint  and  thus  condense  .some  of 
tlie  moisture  and  cau.se  the  deposit  of  wet  dust,  which 
adds  greatly  to  the  cleaning-plant  labor.  This  is  espe- 
cially apt  to  occur  where  two  or  more  groups  of  furiuices 
supjily  one  washing  plant ;  the  gas  from  the  one  with  the 
lower  top  pressure  will  move  slowly,  or  even  reverse  its 
direction  of  flow  at  times,  allowing  excessive  cooling  and 


the  resulting  condensation.     This  condensation  will  begin 
when  the  temperature  is  reduced  to  115  or  120  deg.  F. 

Pbimary  Washers 

The  present  primary  washers  (the  first  stage  of  wet 
cleaning)  are  of  the  static  scrubber  type  and  include  all 
those  in  which  the  gas  passes  through  a  stationary  shell 
without  moving  parts,  the  water  for  washing  being  su})- 
plied  either  in  spray  or  sheets.  The  spray  and  hurdle, 
Mullen,  baffle,  and  rain-type  scrubbers  come  under  this 
classification. 

The  spray  and  hurdle  system  is  preferred  on  accotmt 
of  its  better  distribution  of  water,  and  since  it  is  self- 
cleaning  it  needs  inspection  only  after  long  periods  of 
operation.  In  the  rain  or  baffle  types  the  gas  is  more 
apt  to  channel  and  travel  u])  one  side  of  the  scrubber 
and  the  water  do\ni  the  other. 

Two  outlets  at  opposite  sides  of  the  top  are  iietter  than 
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Fig.  1.  ScRt'BBER  Bottom 

one  on  account  of  the  deflection  o(  the  water  by  the  gas 
currents  if  only  one  is  used.  This  is  particularly  true 
if  the  water  is  sprayed  by  falling  on  spray  plates  as  the 
gas  current  may  then  be  strong  enough  to  blow  the  water 
clear  of  the  plate  and  thus  entirely  lose  its  etfect.  Sjjray 
nozzles  are  not  subject  to  this  fault,  but  are  not  able  to 
handle  water  that  has  much  dirt  in  it  without  considerable 
attention. 

In  designing  the  scrubber  bottom,  its  foundation  and 
the  basin  and  overflow  for  the  outlet  water,  it  must  be 
remeinbered  that  while  the  usual  working  ])ressure  will 
be  from  6  in.  to  18  in.  of  water,  a  slip  will  give  pressure 
of  from  -10  in.  to  50  in.  for  a  short  time.  A  normal  head 
of  water  of  36  in.  from  the  bottom  of  the  scrubber  to  tlu' 
water-overflow  level  with  the  basin  walls  24  in.  above  this 
and  an  emergency  overflow  4  in.  below  the  top  of  the 
basin  walls  will  care  for  slip  pressures  without  blowing 
out  any  gas  or  overflowing  the  basin.  Fig.  1  shows  this 
arrangement  of  scrubber  bottom. 

Should  the  water-overflow  i)ipe  be  stopped,  the  heavy 
mud  will  settle  to  the  bottom,  and  when  the  overflow  i)ipc 
is  cleaned  there  will  i)e  such  a  i|iiantity  that  even  the  extra 
head  of  water  t<i  the  emergency  overflow  will  not  force 
it  out.    For  this  reason  the  foriiiiiiir  of  beavv  cbuid<s  must 
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be  prevented  as  much  as  possible  and  provision  must  be 
made  for  stirring  the  basin  water  both  with  hoes  or 
rakfs  and  with  a  stream  of  water. 

Mechaxical  Scrubbers 

The  final  stage  in  cleaning  is  done  with  mechanical 
scrubbers.  These  are  highly  develoi^ed  and  the  Theisen 
patented  gas  w-asher  has  been  in  the  lead  for  several 
years,  although  other  types  are  now  being  worked  out, 
their  builders  claiming  better  results  with  less  water  and 
power.  The  Theisen  washers  require  about  3  per  cent,  of 
the  power  output,  and  from  16  to  18  gal.  of  water  per 
1000  cu.ft.  of  gas  cleaned,  which  added  to  the  75  to  80 
gal.  required  in  the  scrubbers  makes  the  total  from  90 
to  100  gal.  for  the  whole  cleaning  process.  The  newer 
apparatus  claim  to  iTse  about  20  gal.  of  water  per  1000 
I'U.ft.  of  gas  for  the  whole  cleaning  process. 

Holders 

In  blast-furnace  gas-engine  plants  the  engines  are  en- 
tirely dependent  upon  the  continuous  supplyof  gas  from 
the  furnaces;  a  100,000-cu.ft.  capacity  holder  can  only  be 
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Fig.  2.  Gas  Holder  with  fiEGiLATiXG  Valve 

considered  a  pressure  regulator  with  capacity  for  enough 
gas  to  allow  retiring  in  good  order  when  the  gas  supply 
is  cut  off  for  any  reason.  Thus  in  a  1000-kw.  plant  -with 
such  a  holder  the  gas  on  hand  would  operate  the  plant 
only  for  about  2-5  to  30  min.,  and  should  not  be  counted 
on  for  more  than  1-5  to  20  minutes. 

The  quantity  of  gas  consumed  by  the  engines  is  regu- 
lated by  the  governor  to  suit  the  power  output,  but  since 
they  must  be  supplied  with  gas  at  uniform  jn-essure,  it  is 
necessary  to  regulate  the  gas  supplied  by  some  type  of 
gasometer.  This  is  best  done  by  a  gasometer  of  such 
capacity  that  the  pressure  iluctuations  are  not  noticeable 
at  the  engines,  and  since  it  is  well  to  have  an  emergency 
quantity  of  gas,  the  holder  itself  will  meet  both  demands 
at  once  if  supplied  with  an  efficient  regulating  valve. 

There  should  also  be  the  possibility  of  regulating  the 
gas  quantity  at  the  secondary  washers  since  at  times  of 
very  light  loads  the  gas  pressure  between  the  holder  and 
washer  may  blow  out  drip  seals  or  cause  dangerous  gas 
leaks.  This  can  be  cared  for  by  the  installation  of  but- 
terfly valves  with  quadrants  either  before  or  after  the 
mechanical  wa.shers.  The  latter  is  to  be  preferred,  for 
then  the  gas  remains  longer  in  the  wasliers  and  receives 
addftional  cleaning. 

A  good  regulating  valve  at  the  holder  is  a  butterfly 
valve  attached  In-  means  of  levers  and  cables  to  the  holder 
bell,  so  that  it  will  remain  wide  open  until  the  bell  rises 
within  a  few  feet  of  its  upper  position,  and  closes  gradu- 


ally until  at  the  highest  position  it  is  completely  closed. 
The  arrangement  shown  in  Fig.  2  works  satisfactorily. 
The  weight  A  must  be  heavy  enough  to  close  the  valve, 
and  the  weight  B  must  be  heavy  enough  to  open  the  valve 
and  also  lift  the  weight  .4. 

All  exposed  water  lines  must  be  protected  from  freez- 
ing. This  is  especially  true  of  the  supply  to  seals,  drips 
from  the  gas  main,  and  any  line  that  does  not  have  a 
continuous  flow.  With  good  water  separators  after  the 
secondary  cleaning  apparatus,  freezing  weather,  or  even 
8  or  10  deg.  F.  below  zero,  will  not  cause  trouble  in  the 
gas  mains  themselves,  though  any  valves  which  may  be 
nearly  closed  or  which  are  closed  part  of  the  time  must 
be  carefully  protected. 

The  water  in  the  gas  holder  must  also  be  warmed.  The 
e.xhaust  from  the  regulating  valve  coil  will  easily  keep 
the  holder  water  warm  enough  to  prevent  freezing,  except 
in  the  coldest  weather,  when  it  is  usually  necessary  to 
supply  additional  steam. 

The  holder  water,  if  too  hot,  will  charge  the  gas  with 
water,  so  that  condensation  and  freezing  will  take  place 
in  the  supply  pipes  to  the  engine.  When  the  water  circu- 
lates properly  in  the  holder  it  is  not  necessary  to  have  it 
any  warmer  than  38  or  40  deg.  F.,  while  a  rise  to  6.5  or 
70  deg.  may  give  trouble. 

Starting  the  Engines 

Compressed  air  at  from  150  to  200  lb.  per  sq.in.  has 
proved  satisfactory  for  starting  gas  engines.  In  a  start- 
ing system  of  2000  cu.ft.  capacity  the  air  pressure  is  low- 
ered about  20  lb.  in  starting  one  3000-kw.  twin-tandem 
unit,  and  since  150-lb.  pressure  is  sufficient  for  a  start, 
there  is  a  possibility  of  at  least  three  starts  from  200-lb. 
initial  pressure.  After  the  engine  operator  becomes 
familiar  with  the  operating  peculiarities  of  the  engines 
he  should  be  able  to  start  them  at  intervals  of  from  4  to 
8  min.,  and  not  lower  the  air  pressure  more  than  the 
compressor  can  make  up  in  that  time. 

For  the  ordinary  blast-furnace  gas-engine  plant  of 
from  three  to  six  engines,  two  air  compressors  of  100- 
cu.ft.  capacity  and  air-tank  capacity  of  2000  cu.ft.  are 
sufficient,  while  for  more  than  six  engines  the  compres- 
sor capacity  should  b"   increased    rather   than  the  tank. 

Li-nmrATiox 

For  general  lubrication,  such  as  main  bearings,  cross- 
head  and  crankpins  and  crosshead  slides  where  the  rub- 
bing surfaces  are  at  room  temperature,  an  oil  of  the  fol- 
lowing physical  characteristics  gives  excellent  service. 

Specific  gravity    0.88S 

Viscosity   (Tagliabue)    210  at  70  deg.  F. 

Cold  test    35   deg.   P. 

Flash   temperature    435   deg.   P. 

Because  of  the  mixing  of  water  from  the  cooling  sys- 
tem with  the  oil,  it  is  necessary  to  provide  means  for 
separating  the  water  and  oil  in  the  filtration  process,  and 
this  can  be  done  thoroughly  only  by  heating  the  oil  to 
about  160  or  190  deg.  F.,  and  giving  it  time  in  a  quiet 
condition  to  allow  the  separation.  A  large  part  of  the 
dirt  will  settle  with  the  water.  Such  that  does  not  must 
l)e  removed  by  filtration  through  fine  cloth  of  organic 
fiber  or  through  fine  wire. 

A  good  oil-cleaning  .system  giving  excellent  satisfac- 
tion consists  of  one  1500-gal.  water-separating  tank, 
shown  in  Fig.  3,  with  a  heating  coil  over  which  the  oil 
flows  as  it  enters  on  returning  from  the  engines,  and  an 
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adjustable  automatic  water  veitlow  to  discharge  the 
separated  water,  two  settling  tanks  of  the  same  size 
through  whii'h  the  oil  passes  in  >andem  to  allow  time  for 
quiet  settling  of  dirt  particles,  and  a  filter  unit  with  2Q 
filter  bags,  10  each  in  two  filter  tanks. 

An  extra  tank  is  provided  for  use  when  either  of  the 
otlier  three  is  out  of  service  for  cleaning.  An  auxiliary 
tank  of  about  200-gal.  capacity  is  used  for  "boiling  up" 
the  sludge  taken  from  either  of  the  large  tanks  or  the 
filters  at  the  time  of  cleaning,  as  well  as  such  dirty  oil 
as  can  be  drawn  off  daily  from  the  overhead  oil  tank. 

The  varying  cleanliness  of  the  gas,  hardness  of  cylinder 
walls  and  piston  rings,  piston  speeds,  mean  effective  and 
maximum  pressures  all  have  their  influence  on  the  action 
of  the  cylinder  oil.     A:i  oil  showing  a  siJecific  gravity  of 
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(i.On-2;  viscosity  (Tagiiabue)  of  78  at  212  deg.  F.,  and  a 
flash  temperature  of  380  deg.  F,  gave  excellent  results  in 
a  gas  blowing-engine  plant  where  the  dust  was  low  (0.01 
or  less),  and  the  piston  sjjeed  less  than  600  ft.  per  miu., 
i)i:t  was  not  satisfactory  in  another,  with  0.012  gr.  of 
du:t  and  a  piston  speed  of  8.50  ft.  per  min.  In  the 
latter  ease  the  oil  was  replaced  i)y  one  having  a  specific 
gravity  of  0.920;  viscosity,  203  at  212  deg.  F.;  and  a 
flash  temperature  of  502. 

hi  \ITIOX 

The  mechanically  operated  igniter  is  much  to  be  pre- 
ferred to  the  magnetic  type.  The  current  supply  should 
be  from  a  source  not  liable  to  fluctuation,  such  as  that 
from  a  motor-generator  set  that  supplies  current  to  the 
ignition  system  alone  and  is  arranged  in  connection  with 
a  storage  batteFV,  so  that  .should  anything  haj^pen  to  the 
motor  generator  the  battery  would  take  up  the  load,  auto- 
matically signaling  the  operator. 

Premature  ignition  is  usually  caused  by  excess  hydro- 
gen in  the  gas,  and  will  occur  when  the  quantity  of  hydro- 
gen reaches  about  4.6  per  cent.,  depending  also  upon  the 
cleanline«s  of  the  cylinders.  This  premature  ignition  is 
an  indication  of  leaky  cooling  plates  in  the  furnace. 

Mi.scELLAxrnis 

The  pistons  of  the  early  large  gas  engines  were  of  ca«t 
iron,  hut  these  gave  considerable  trouble  by  cracking  be- 
cause they  were  not  properly  riblied.  Several  builders 
changed  to  cast  steel.  ])ut  found  they  gave  trouble  either 
by  cutting  the  cylinder  walls  or  hy  beading  over  alid 
binding  the  rings. 


Cast-iron  snap  rings  of  uniform  cross-section  give  bet- 
ter service  than  any  other  type.  Piston-rod  packing  fur- 
nishes one  of  the  difficult  problems  for  the  designer  and 
also  for  the  operator.  A  good  packing  must  be  simple 
in  design,  and,  as  in  the  case  with  the  piston  rings,  the 
forms  with  the  fewest  parts  seem  to  give  the  best  service. 
Both  cast  iron  and  babbitt  have  given  good  results. 

A  daily  log  of  the  various  pressures  and  temperatures 
must  be  kept  to  learn  whether  the  plant  conditions  are 
changing  and  to  know  the  cause  of  these  changes.  Any 
unusual  occurrence  or  the  regular  recurrence  of  repairs 
noted  on  the  log  sheets  puts  the  information  regarding 
the  plant  where  it  can  be  used  in  predicting  and  pre- 
paring for  the  future. 

Exhaast-Valve  Trouble 

The  engine  at  our  factory  ran  very  welt  for  a  few 
mouths,  after  which  trouble  began  first  with  the  exhaust 
valve  and  ending  with  the  gear  on  the  end  of  the  governor 
spindle  being  stripped. 

The  exhaust  valve  was  of  cast  steel  with  a  solid  head 
and  hollow  stem.  The  cooling  arrangement  for  this  valve 
seemed  to  work  fairly  well,  but  the  face  of  the  valve  con- 
tinually burned  and  gave  no  end  of  trouble.  In  the  mean- 
time we  were  experiencing  trouble  with  the  governor. 
We  at  first  thought  that  the  camshaft  must  be  out  of 
alignment,  accordingly  when  closed  down  on  Sunday  v.e 
set  to  work  about  the  camshaft.  Thi.';  was  jacked  up 
enough  to  take  out  the  center  bottom  brass ;  the  old  bab- 
bitt was  removed  and  the  bearing  rebabbitted,  allowing 
a  heavier  setting  than  before,  also  a  new  gear  of  special 
temper  was  fitted  onto  the  governor  spindle. 

'\Vhen  started  again  the  engine  ran  very  well  without 
load  for  about  an  hour,  but  as  soon  as  the  load  was 
put  on,  it  refused  to  carry  any  more  than  half  its  capac- 
ity and  tha  center  bearing  showed  a  tendency  to  run  hot. 

While  we  were  having  our  troubles  with  the  engine,  a 
new  exhaust  valve  had  been  designed  by  the  head  ma- 
chinist. This  valve  was  made  in  two  jiieces,  the  head  be- 
ing of  Last  iron  and  the  stem  of  steel.  The  head  was 
hollow  to  allow  sulficient  space  for  a  water  jacket,  the 
cooling  water  passing  up  one  side  of  the  stem  through  the 
valve  jacket  and  down  the  other  side  of  the  stem.  This 
type  of  valve  has  been  giving  satisfaction  for  a  long  time 
now,  but  we  have  to  keep  two  or  three  on  stock,  so  far. 
The  stem  is  riveted  over  inside  the  valve  head,  and  is  apt 
to  become  loose.  One  valve  will  run  a  month,  night  and 
day,  without  grinding. 

I  am  of  the  opinion  that  the  whole  trouble  was  in  the 
exhaust  system,  the  steel  valve  not  seating  right  allowed 
burnt  gases  to  be  drawn  into  the  combustion  chamoer, 
leaving  carbon  deposits  on  the  valve  and  seat,  at  the  same 
time  throwing  a  strain  on  the  camshaft,  which  was  trans- 
mitted through  to  the  governor  spindle  and  caused  a  bind- 
ing action  briwccn  the  shaft  gears  and  governor  gear. 

This  engi:ie  is  running  24  hr.  a  day  on  natural  gas  and 
is  giving  e.itirc  satisfaction.  A  cast-iron  valve  was  made 
recently  and  experimented  with.  This  valve  was  east  in 
one  pi<  e  with  a  water  jacket  in  the  head.  A  V'l-'"-  "^'^ 
pi])C  .vas  placed  in  the  stem  for  cooling  purposes.  The 
watfr. passed  up  the  pijie  and  returneil  down  inside  (he 
st-in.  The  valve  worked  all  right  for  one  week.  but.  un- 
■;  jrtunately,  the  stem  liroke  about  21^^  in.  from  the  end. 
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The  Absorption  System 

lu  this  department  iui  explauatioii  of  the  working  of 
this  system  has  heen  given.  The  description  was  e.e- 
meutary  and  the  illustration  included  only  the  principal 
apparatus  such  as  the  absorber,  generator  and  condenser. 
To  get  the  best  economy  out  of  the  system  numerous 
auxiliary  apparatus  are  required  and  in  the  present 
article  the  intention  is  to  illustrate  the  full  equipment 
of  a  commercial  plant.  Briefly,  the  apparatus  consists  of 
an  absorber,  ammonia  pump,  exchanger,  generator,  ana- 
Ij'zer,  weak  liquor  cooler,  dehydrator  or  rectifier,  con- 
denser, ammonia  receiver,  regulating  (expansion)  valve, 
and  the  brine  cooler.  These  various  parts  of  the  system 
may  be  furnished  in  the  .shell  and  coil,  shell  and  tube, 
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a  vapor  which  passes  on  to  the  absorber.  The  weak  liqiior 
(most  of  whicii  is  water)  in  this  apparatus  has  a  great 
affinity  for  ammonia  vapor  and  will  absorb  from  500  to 
1000  times  its  own  volume  depending  on  its  temperature 
and  the  amount  of  ammonia  already  in  the  liquor.  When 
enough  ammonia  has  been  absorbed  to  make  about  28 
per  cent,  of  the  total  weight,  the  liquid,  then  known  as 
strong  liquor,  is  pumped  through  the  exchanger  and  ana- 
lyzer to  the  generator.  Here  heat  is  applied  by  means 
of  steam  coils  and  the  ammonia  being  more  volatile  than 
the  water  is  evaporated  and  passed  on  to  the  condenser. 
The  water,  or  rather  weak  liquor,  as  there  is  still  some 
ammonia  left  in  it,  is  returned  through  the  exchanger 
and   a   weak   liquor   cooler   to   tiie   absorber. 

lu  the  illustration  a  double-pipe  excliauger  is  shown. 
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atmospheric  or  double-pipe  counter-current  types.  De- 
pending on  the  composition  of  the  cooling  water,  space 
available  and  other  factors,  a  choice  is  made  of  these 
types,  but  whatever  the  construction,  the  different  designs 
serve  the  same  purpose. 

For  illustration  a  commercial  system  using  double- 
pipe  counter-current  auxiliaries  will  be  taken,  although 
the  shell-and-coil  apparatus  of  the  vertical  type  occupy 
less  room  and  have  been  more  generally  used  in  small 
plants. 

In  describing  the  accompanying  illustration,  we  will 
start  with  the  ammonia  receiver  which  collects  the  cold 
liquid  ammonia  from  the.  condenser.  This  tank  is  under 
the  same  pressure  as  the  condenser  and  when  the  valve 
at  the  tank  and  the  regulating  valve  at  the  brine  cooler 
are  opened,  the  liquid  ammonia  is  forced  into  the  coils 
of  the  brine  tank.  Here  it  absorbs  heat  from  the  brine 
and,  as  explained   in  the  previous  article,  changes  into 


The  cohl  strong  li()u<ir  I'li  its  way  t(.)  tiie  generator 
passes  through  it  in  one  direction  and  the  hot  weak 
liquor  goes  back  to  the  absorber  in  the  opposite  direc- 
tion. An  exchange  of  heat  takes  place  which  adds  to  the 
efficiency  of  the  plant.  In  the  generator  the  strong 
liquor  must  be  heated,  and  ])art  of  this  heat  might  better 
be  .supplied  by  the  weak  liquor  which  must  bo  cold  be- 
fore it  gets  back  to  the  absorber.  The  exchanger  does 
not  remove  all  of  the  heat  so  it  is  necessary  to  use  the 
weak  liquor  cooler  to  lower  the  temperature  of  the  liquor. 
As  will  be  apparent,  the  same  water  used  in  the 
condenser  is  passed  on  to  the  cooler,  and  th'en  to  the 
absorber  itself,  where  the  weak  liquor  is  finally  reduced 
to  the  proper  temperature.  The  weak  liquor  enters  the 
bottom  of  the  absorber  and  when  saturated  with  vapor 
pas.«es  into  the  strong  liquor  tank,  which  is  used  in  this 
particular  case.  Jlore  frequently  the  strong  liquor  settles 
to  file  bcittom   of   tlie  absorlier.  ' 
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From  the  exehanger  the  cool  strong  liquor  passes  to 
the  analyzer  where  it  trickles  over  a  series  of  metal  trays 
(ir  some  construction  which  will  distribute  the  liquid  and 
alluw  it  to  come  in  close  contact  with  the  hot  vapor  rising 
Ironi  the  generator.  The  counter-current  principle  of 
cooling  is  thus  again  employed,  so  that  with  an  analyzer 
iif  large  capacity  the  strong  liquor  should  be  very  near 
the  boiling  point  by  the  time  it  reaches  the  generator. 
On  the  other  hand  the  vapor  is  cooled  and  the  condenser 
is  relieved  of  part  of  its  work. 

Where  ammonia  liquor  is  boiled  not  only  animouia 
va])or,  but  also  a  small  percentage  of  water  vapor  is 
formed.  This  mixture,  if  condensed,  would  form  a 
strong  ammonia  liquor,  which  would  cause  disturbances 
ill  the  cooling  coils  by  the  formation  of  ice.  When 
the    vapor    mixture    meets    the    cooler    strong    liquor   in 
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the  analyzer  some  of  the  water  vapor  will  be  thrown 
diiwn  and  returned  to  the  generator.  The  balance  is 
cdiiilensed  in  the  dehydrator,  or  rectifier  as  it  is  more 
(oinmonly  called,  the  vapor  practically  free  from  water 
\apor  passing  on  to  the  condenser  and  the  moisture  back 
til  the  analyzer.  It  may  i)e  noticed  that  the  rectifier  is 
nothing  more  than  a  double-pipe  cooler  employing  the 
counter-current  princi])le.  In  the  condenser  the  vapor 
is  reduced  to  a  liquid  l)y  the  use  of  plenty  of  cooling 
water  and  returned  to  the  ammonia  receiver.  This  eom- 
))letes  the  cycle  of  operation,  which  is  constantly  re- 
peated with  a  fresh  siijiply  of  ammonia  from  the  re- 
ceiver. 

To  trace  the  path  of  the  ammonia  in  the  form  of 
Hcpiid  and  vapor  and  also  the  strong  liquor.  Fig.  3  will 
hclj).  The  paths  of  the  weak  liquor  and  the  cooling 
water  are  also  shown.  The  a|)iiaratus  of  the  system  have 
iieen  blocked  in  and  for  simplicity  given  a  little  differ- 
ent arrangement.  The  arrows  on  the  lines  indicate  the 
directions  of  flow.  The  heavy  line  indicates  the  path 
of  the  ammonia  from  the  receiver  back  to  the  receiver, 
the  light  line  the  path  of  the  weak  liquor  and  the  dotted 
line  traces  the  cooling  water.  The  diagram  is  ,sclf-ex- 
lilanatory  and  may  perhaps  fix  in  mind  a  little  more 
dearly  the  relations  to  each  other  of  the  various  parts  of 
the  system. 

Ice  and  Salt  Mixtures 

l'.V  (iIIJlKlIT   11.  ('l{AW|iil;li.  .lit. 

Til  certain  sections  of  the  country  where  ice  is  cheap 
considerable  conimercial  refrigeration  is  acconiplishefl  by 
the  use  of  freezing  mixtures  of  crushed  ice  and  salt.  While 
this  branch  of  the  refrigerating  indii.try  is  comparatively 


small  it  is  of  enough  importance  to  warrant  an  occasional 
discussion. 

The  action  of  common  salt  (sodium  ciiloride)  and  ice 
is  to  lower  the  mixture  temperature  below  32  deg.  The 
depression  of  temperature  depends  mainly  on  the  propor- 
tion of  salt  used,  and  partly  on  the  rate  at  which  heat 
is  supplied  from  the  outside.  The  following  table  gives 
the  approximate  temperatures  resulting  from  the  use  of 
different  proportions  of  salt  and  ice. 

Per  Cent,  of  Salt  in  Mixture  Temp,  of  Mixture,  Deg.  F. 
5  26.6 

10  19.9 

1.5  11. .S 

-'0  1   6 

The  niiuimuni  tempcuiture  oljtainal.ile  with  ice  and 
salt  is.  about  — 7.5  deg.  F.,  this  temi)erature  being  given 
by  a  2-1:  per  cent,  mixture. 

In  melting,  the  ice  absorbs  its  latent  heat  of  fusion  at 
the  rate  of  144  B.t.u.  per  lb.  of  ice  melted.  The  salt 
on  dissolving  also  absorbs  heat — called  the  "heat  of  so- 
lution," which  varies  in  amount,  depending  on  the  den- 
sity and  temperature  of  the  resulting  brine. 

As  steam  quantities  are  calculated  from  and  at  212 
deg.  F.,  so  it  is  convenient  to  calculate  the  available  re- 
frigeration due  to  the  melting  of  an  ice  and  salt  mix- 
ture from  and  at  32  deg.  F.  The  accompanying  curve 
shows  the  relation  between  the  proportion  of  salt  in  an 
ice  and  salt  mixture  and  the  available  refrigeration  per 
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pound  from  and  at  32  deg.  F.  Corrections  to  the  avail- 
able refrigeration  must  be  made  if  the  salt  is  added  to 
the  ice  or  if  the  resulting  brine  be  allowed  to  escape  at 
temperatures  other  than  32  deg.  F. 

These  corrections  are  easily  calculnted  by  multiplying 
the  weights  of  salt  and  brine  by  their  resjiective  specific 
heals  and  by  their  tem]H>rature  difrercnces  from  32  deg. 
F.  The  specific  heat  of  dry  salt  may  be  taken  at  (1.214 
B.t.u.  per  pound-degree.  The  specific  heat  of  salt  brine 
varies  with  its  density  and  may  be  taken  from  the  follow- 
ing talile : 

Per  Cent.  Salt  Sperifio  Heiit  o(  Hrini 

0  !.00() 

a  0.046 

10  o.nifi 

15  0.874 

20  0.S.12 

Tf  the  salt  is  warmer  than  32  deg.  F.  when  added  to 
the  ice — the  usual  case — flic  correction  for  its  heat  above 
32  deg.  F.  must  be  subtracted  from  the  available  refrig- 
erati(m.  Likewise  the  correction  is  negative  for  the  re- 
frigeration  thrown    away    if   Ibc   brine    is   discharged   to 
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■waste  at  a  temperature  lower  than  32  deg.  F.  If  the 
briue  is  allowed  to  absorb  heat  until  its  temperature  is 
raised  above  32  deg.  F.  before  discharge,  its  correction 
is  added  to  the  available  refrigeration. 

This  may  all  be  expressed  algebraically  as  follows : 
H'  =  H  —  0.3U  p  {is  —  32)  —  Gb  (32  —  tb) 
where 

H'  =  Net  availal)le  refrigeration  per  pound  of  mix- 
ture ; 
E  =  Gross  available  refrigeratio    yer  pound  of  mix- 
ture from  accompanying  ctirve ; 
p  =  Proportion  of  salt  expressed  as  a  decimal ; 
is   =  Temperature  of  salt  when  added; 
ib   =  Temperature  of  brine  to  waste ; 
Cb  =  Specific  heat  of  brine  corresponding  to  pro- 
portion /;. 
Example — Wliat  net  available  refrigeration  is  there  in 
a  mixture  of  100  lb.  of  dry  salt  with  900  lb.  of  ice,  when 
salt  is  60  deg.  F.  when  added  to  the  ice  and  the  resulting 
briue  is  allowed  to  discharge  at  25  deg.  F.? 
100 


P  = 


=  0.10 


100  +  900 

From  the  curve  for  p  =  0.10,  H  =  132.8  B.t.u.  The 
specific  heat  of  10  per  cent,  brine  is  0.916  B.t.u.  per 
pound-degree.     Then 

//'  =^  132.8  —  [0.214  X  0.10   (60  —  32)]  — 
0.91G  (32  —  25)  =  125.8  B.t.u. 
per  pound  of  mixture. 


Condenser  and  Back  Pressures 

The  proper  pressures  for  the  condenser  and  the  low- 
pressure  side  of  the  systcju  is  a  question  which  every  en- 
gineer has  to  solve  for  his  own  particular  plant.  In  each 
plant  the  conditions  will  he  a  little  diiferent  and  the  pres- 
sures which  will  give  tht  highest  economy  will  depend  on 
the  temperature  of  the  cooliug  water,  the  amount  of  water 
supplied,  the  square  feet  of  cooling  surface  in  the  con- 
denser per  ton  of  plant  rapacity,  the  temperature  it  is  de- 
sired to  maintain  in  th(  refrigerator  and  the  amount  of 
noncoudensible  gases  present. 

If  the  surface  in  the  (Xjnd'cuser  is  known  to  be  correct 
and  there  is  Little  trouble  from  noncoudensible  gases,  then 
the  following  data  given  by  F.  E.  Matthews  may  be  taken 
as  an  approximate  guide.  Table  1  gives  the  proper  con- 
denser pressures  for  different  temperatures  and  quantities 
of  the  cooling  water  and  Table  2  the  back  pressures  used 

TABLE  1.     CONDENSER  PRESSURE 

1  Gal.  per  Mj/.  per  Ton  per  24  Hr. 

T>mp.  of  cooUofe  water,  d?e^  F 60  63  70  75  80  85  90 

Condenser  pressure   lb.  gage 183  200  220  235  255  280  300 

Temp,   of  coniiensed    bciuid    ammonia, 

deg.  F 95  100  105  no  115  120  125 

2  GaL  per  Min.  pei  ion  per  24  Hr. 

Condenaer  pressure,  lb.  gaee 130     153     168     1S3     200    220    235 

Temp,   of   condensed   hquid   ammonia, 

deg.  F 77       85       90       93     100     105     110 

3  Gal.  per  Min.  per  Ton  per  24  Hr. 

Condenser  pressure,  Ib.  gage 125     140     155     170     'SJ     200     215 

Temp,   of   condensed    liquid    ammonia, 

deg.  F 7"      *^      90      93       95     100     105 

TABLE  2.    BACK  PRESSURES 

Temp,  of  room.  deg.  F ...       S    10    15    20    28     32     36    40    SO     60 

Back  pressure,  lb.  gage 7     10     12     15     22     25     27     30     35     40 

Temp,  of  ammonia,  deg.  F -13-10-3      0      8     12     14     17     22    26 

in  average   practice   to   maintain   certain   temperatures 
in  the  refrigerator. 


The  pressures  given  in  the  tables  will  be  close  to  the 
mark,  but  in  some  cases  it  may  be  possible  to  obtain  a 
slightly  higher  ^ciency  by  the  cut-and-try  method,  that 
is,  adjusting  the  pressures  on  both  sides  of  the  system 
until  the  maximum  result  is  obtained.  In  any  case  the 
condenser  pressure  should  be  as  low  as  possible  and  the 
Isack  or  suction  pressure  as  high  as  possible  and  still  main- 
taiu  the  d^ired  temperature  in  the  refrigerator.  The 
range  in  pressure  should  then  be  made  as  small  as  po'' 
sible,  the  action  being  just  the  reverse  of  a  steam  system 
where  results  are  bettered  as  the  range  of  pressure  in- 
creases. 

'\'hen  the  proper  pressures  have  been  determined  it  is 
important  that  they  should  be  maintained.  The  easiest 
and  probably  the  best  way  to  do  this  is  to  install  ther- 
mometers in  the  suction  and  discharge  pipes  of  the  com- 
pressor. Each  temperature  corresponds  to  a  certain  pres- 
sure and  b}'  marking  or  indicating  in  some  way  the  jjroper 
height  of  the  mercury  column,  it  is  an  easy  matter  to  see 
at  a  glance  when  the  temperatures  are  above  or  below 
normal. 

In  the  spring  and  fall  when  the  temperatures  of  the  air 
and  cooling  water  are  lower,  it  is  possible  to  reduce  the 
range  in  pressure  from  that  used  in  the  hot,  summer 
months.  To  obtain  the  highest  economy,  adjustment  of 
pressures  should  then  be  made  at  least  three  times  during 
the  season.  It  is  a  simple  matter  and  only  requires  or- 
dinary intelligence  on  the  part  of  the  oiJerating  engineer. 
A  short  time  ago  a  case  was  cited  in  these  columns,  where 
the  output  of  an  ice  plant  was  increased  over  50  per  cent, 
by  raising  the  temperature  of  the  compressor  discharge 
from  104  to  2-10  deg.  F.  The  latter  proved  to  be  the 
pro]3er  temperature  for  the  existing  conditions,  and  the 
case  goes  to  show  that  it  is  well  worth  wliile  to  pay  some 
attention  to  the  operating  jiressures. 

Rating  Refrigerating  Machines 

In  this  country  there  arc  two  generally  accepted  units 
for  rating  a  refrigerating  machine.  These  are  commonly 
called  the  ice-melting  or  refrigerating  capacity,  and  the 
ice-making  capacity.  Both  are  expressed  in  tons  of  2000 
lb.  per  day  of  24  hr.  When  a  machine  is  rated  at  one 
ton  ice-melting  or  refrigerating  capacity,  it  would  mean 
that  under  an  assumed  range  of  operating  temperature  it 
would  remove  from  the  refrigerator  the  number  of  heat 
units  equivalent  to  that  required  to  melt  one  ton  of  ice 
at  32  deg.  F.  into  water  at  32  deg.  F.  The  latent  heat 
of  ice  has  been  variously  taken  as  142,  143,  143.7  and  144 
B.t.u.,  but  144  B.t.u.  is  now  the  figure  generally  accepted. 
Then 

2000  X  144  =  288,000  B.i.u. 
is  the  equivalent  of  a  ton  of  refrigeration  per  day  of  24 
hr.  This  would  give  12,000  B.t.u.  per  ton  per  hour  and 
200  B.t.u.  p)er  ton  per  minute,  all  convenient  figures  to 
work  with.  The  machine  is  supposed  to  work  between 
a  condenser  temperature  of  90  deg.  F.,  and  a  tempera- 
ture of  zero  in  the  expansion  coils. 

The  ice-making  capacity  is  a  measure  of  the  actual 
weight  of  ice  made  by  a  machine,  designed  for  the  pur- 
pose, in  tons  per  24  hr.  For  a  machine  not  designed  for 
ice  making  this  unit  would  appear  of  little  value,  but  for 
the  sake  of  comparison  it  is  approximately  six-tenths  the 
ice-melting  or  refrigerating  capacity. 
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EDITORIALS 


Analysis  and  Heat  Value  of  Coal 

With  the  growing  unit  cost  of  coal,  contimially  sharp- 
ening competition  and  spreading  enlightenment  as  to  the 
principles  of  efficient  combustion  and  boiler  operation,  in- 
creasing demand  came  for  adequate  simple  means  of  pre- 
dicting results  to  be  expected  with  a  given  coal  under  a 
given  set  of  conditions. 

The  character  and  heat  value  of  a  coal  are  two  indi^^- 
pensable  factors. 

The  ultimate  analysis  yields  much  information  as  to 
character,  although  not  all  that  is  often  desired,  and  from 
it  the  heat  value  can  be  estimated  quite  closely.  Un- 
fortunately, however,  the  ultimate  analysis  is  a  long  and 
complicated  process,  only  to  be  attempted  by  a  trained 
analyst,  and  the  special  apparatus  required  is  expensive. 
Consequently,  it  is  seldom  performed  in  commercial  work. 

The  proximate  analysis  yields  less  information  as  to 
character,  still  it  is  of  considerable  help.  It  gives  the 
ash  and  moisture  content,  a  knowledge  of  which  is  use- 
ful in  comparing  one  coal  with  another  and  in  selecting  a 
coal  to  give  the  most  heat  for  the  money  spent.  It  gives 
the  volatile  content  which  is  useful  in  identification  and 
classification.  Its  strong  recommendation,  however,  is 
its  simplicity  and  the  ease  with  which  it  can  be  made. 
The  required  equipment  is  small  and  simple ;  twenty-five 
dollars  will  cover  the  cost  of  the  apparatus  with  which  to 
obtain  sufficient  accuracy  for  all  ordinary  purposes.  The' 
wonder  is  that  the  proximate  analysis  is  not  employed 
more  extensively.  Certainly,  the  information  yielded, 
limited  though  it  may  be,  is  more  than  worth  the  cost  of 
equipment  and  time  required. 

The  principal  drawback  is  that  it  is  neither  a  close  nor 
(■(insistent  guide  to  the  heat  value.  This  is  because  it 
(Idcs  not  show  the  oxygen  content  of  the  coal,  which  has 
an  important  influence  on  the  heat  value.  In  the  Bureau 
of  nines  Bulletin  2!)  on  "The  Effect  of  Oxygen  in  Coal" 
til  is  influence  is  shown  to  be  of  about  equal  importance 
with  that  of  the  ash  content.  Thus,  all  methods  of  esti- 
mating heat  value  by  calculation  which  do  not  take  the 
oxygen  as  well  as  the  ash  into  account  are  subject  to  large 
error  even  with  coals  from  the  same  general  district. 

This  fact  was  brought  out  by  charting  some  three  hun- 
dred analyses  according  to  the  heat  value  of  the  com- 
bustible and  the  ])er(entage  of  fixed  carbon  in  the  com- 
bustible. With  this  system  two  of  the  three  variables  in- 
fluencing the  heat  value  are  eliminated,  ash  and  moisture. 
The  third,  oxygen,  remains  to  cause  a  variation  as  high  as 
six  ])cr  cent,  in  the  heat  value  of  the  combustii)le  matter 
of  coal  from  the  same  general  district  and  containing 
practically  the  same  ])ercentage  of  fixed  carbon. 

Attempts  have  been  made  to  calculate  the  oxygen  con- 
tent from  the  proximate  analysis,  at  least,  by  elimination, 
but,  as  no  good  law  has  yet  been  discovered,  heat-vahie 
estimates  based  on  such  attempts  are  subject  to  the  same 
or  even  greater  degree  of  error  as  ilie  older  and  simpler 
methods.    In  time,  some  good  law  may  be  discovered,  but 


it   is   doubtful    whether   it   will   be   found   to   be   simple 
enough  for  extensive  application. 

Aside  from  the  ultimate  analysis,  the  calorimeter  is  the 
only  means  at  present  available  of  estimating  the  heat 
value  with  reasonable  accuracy  and  consistency.  In  its 
existing  form  it  is  more  or  less  expensive  and  compli- 
cated. Before  it  can  be  popularized  it  must  be  perfected 
in  simplicity  and  sold  at  such  a  price  as  to  bring  it  with- 
in the  means  of  the  individual  to  buy.  And  the  number 
of  its  possible  users  is  so  great  that  this  seems  well  worth 
the  effort. 

The  Value  of  Cost  Keeping 

The  engineer  in  the  small  plant  is  well  aware  that  the 
larger  the  company  he  may  eventually  work  for,  the  closer 
will  attention  be  paid  to  the  detail,  and,  especially  along 
the  line  of  costs.  The  statement  is  made  that  the  larger 
industries,  with  their  various  departments  and  large 
number  of  employees,  can  well  afford  to  keep  careful  rec- 
ords, but  the  engineer  in  the  small  plant,  who  also  fre- 
quently fills  the  position  of  fireman  and  general  repair- 
man, has  little  or  no  time  to  spend  on  cost  records. 

But  consider  how  small  a  job  it  is  to  jot  down  a  few 
items  each  day.  A  man  who  forms  this  habit  will  find 
his  work  takes  on  additional  interest.  He  is  anxious 
to  read  his  technical  paper  carefully  so  he  may  grasp 
any  ideas  that  will  improve  his  plant  efficiency  and  re- 
duce his  operating  cost. 

Perhaps  first  attention  will  be  given  to  the  coal  pile. 
Although  but  few  plants  are  equipped  with  convenient 
means  of  weighing  coal,  a  little  effort  with  platform  scales 
and  measurement  of  the  coal  bin  will  afford  a  method  of 
arriving  at  a  close  approximation  of  daily  consumption. 

Next  will  come  a  desire  to  know  the  method  of  firing 
which  will  produce  the  best  results.  The  percentage  of 
carbon  dioxide,  quantity  of  air  required  for  combustion, 
amount  of  unburned  carl)on  in  the  flue  gases,  heats  of 
combustion  of  carbon  dioxide  and  carbon  monoxide,  etc., 
will  appear  to  have  a  direct  bearing  on  the  plant  op- 
eration. The  engineer  begins  to  investigate  the  chemical 
side  of  this  coal  that  he  is  burning  He  learns  about 
moisture,  a.sh,  fixed  carbon,  ])erceiitage  of  sulphur,  and 
becomes  interested  in  the  various  grades  of  coal  Per- 
haps he  can  show  the  purchasing  agent  that  sometimes  a 
good  way  to  buy  coal  is  by  the  B.t.u.  shown  on  test. 

He  will  look  over  his  boilers  more  carefully  the  next 
time  the  inspection  is  made.  The  water  required  for  the 
boiler  will  bring  to  mind  that  liis  technical  magazine  a 
few  co]>ies  back  had  something  about  factor  of  evapora- 
tion, temporary  and  jiermancnl  hardness  of  water,  and 
also  told  about  the  loss  of  i)oiler  efficiency  caused  by  even 
one-sixteenth  of  an  inch  of  scale. 

The  engineer  who  has  started  keejiing  a  record  of  his 
operation  cost  will  want  to  sell  his  cinders  to  some  con- 
tractor, the  revenue  so  obtained  will  a]ii)ear  to  advantage 
on  the  credit. side  of  his  cost  sheet.     At  the  same  time, 
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attention  will  l)e  directed  to  the  furnace  grates,  stokers 
and  all  firing  equipment,  so  that  dollars  in  heat  units 
are  not  being  traded  for  cents  to  the  cinder-man. 

Perhaps  a  saving  can  be  made  by  having  the  feed  water 
enter  the  boiler  at  a  higher  temperature.  While  working 
out  this  problem  the  terms  latent  heat  of  steam,  heat  of 
the  liquid,  heat  of  vaporization,  etc.,  will  become  like 
old  friends. 

Xext,  attention  will  be  given  to  the  engine.  Perhaps 
it  has  beeu  some  time  since  an_y  cards  were  taken,  and  it 
will  be  found  that  one  side  is  doing  a  lot  more  work  than 
the  other.  A  little  valve  adjustment  will  materially  help 
the  division.  At  the  same  time  the  presence  of  a  strange 
hook  or  loop  will  cause  the  engineer  to  refresh  his 
memory  on  the  features  of  the  indicator  diagram. 

The  matter  of  lubrication  will  assume  even  greater 
importance  when  appearing  on  the  cost  records.  The 
Terms  viscosity  and  specific  gravity  will  be  found  to  have 
some  relation  to  the  periods  between  each  order  for  oils. 

The  various  pumps  in  the  plant  may 'be  taking  more 
steam  than  they  should,  and  perhaps  a  closer  investiga- 
tion of  the  subject  of  packing  may  aid  in  stopping  both 
steam  and  water  leaks,  and  also  lead  to  a  reduction  in  the 
packing  bill  for  the  year. 

Only  a  few  items  have  been  mentioned  which  would 
appear  on  the  record  of  operation  costs.  There  are  items 
which  would  be  peculiar  to  every  plant.  What  has  been 
gained  by  the  time  taken?  The  engineer  knows  more 
about  his  plant  than  he  ever  did  before. 

It  is  only  natural  that  the  engineer  who  has  become 
familiar  with  the  actual  operating  costs  of  his  plant  will 
be  anxious  to  inquire  about  what  are  termed  overhead 
charges,  especially  those  that  pertain  to  his  department. 
He  knows  that  the  items  interest,  taxes  and  insurance 
enter  into  power-plant  cost,  as  well  as  depreciation.  Per- 
haps he  has  felt  that  depreciation  is  the  only  one  he 
should  think  about,  but  the  engineer  will  do  well  to  in- 
form himself  regarding  interest,  taxes  and  insurance, 
since  they  do  have  an  important  bearing  on  the  present 
plant  and  will  be  the  first  to  be  considered  when  the 
growth  of  business  demands  either  an  enlargement  of  the 
power  plant  on  the  present  site,  or  a  moving  to  a  loca- 
tion better  suited  both  from  a  geographical  and  economi- 
cal viewpoint. 

The  item  depreciation  may  be  considered  as  embrac- 
ing physical  depreciation  and  ^functional  depreciation. 
Physical  depreciation,  or  wear  and  tear,  appeals  directly 
to  the  engineer,  since  it  represents  the  results  of  his  care 
and  attention  to  all  parts  of  the  equipment  in  his  depart- 
ment. Functional  depreciation,  he  may  feel,  does  not 
apply  so  directly  to  him.  However,  as  this  represents  the 
advance  in  design  or  the  modification  of  machines  which 
places  on  the  market  a  machine  that  will  perform  work 
more  economically  than  some  which  may  be  in  his  plant, 
it  often  pays  to  make  the  change,  even  though  the  old 
machine  is  still  in  fair  or  even  good  condition.  The  en- 
gineer, with  his  superior  knowledge  of  the  advancement 
of  the  science  of  engineering,  can  frequently  point  out 
financial  leaks  that  would  escape  the  man  in  the  office. 

The  engineer  of  the  small  plant  sometimes  dreads  the 
coming  of  central-station  .service,  since  he  fears  it  will 
deprive  him  of  his  position.  Often  his  fears  are  groimd- 
less,  for  when  he  starts  keeping  his  own  costs,  and  actual- 
ly figures  what  he  is  accomplishing,  he  knows  in  cents 


or  fractions  of  a  cent  per  kilowatt-hour  or  horsepower- 
hour  by  how  much  he  can  beat  the  central  station.  A 
well  kept  cost  record  is  a  good  thing  to  lay  beside  the 
central-station  results  of  plant  test. 

As  previously  mentioned,  only  a  few  items  have  been 
suggested  as  appearing  on  a  record  of  costs;  every  engi- 
neer can  name  others.  But  the  main  point  is  this,  the 
engineer  who  has  kept  his  costs  of  operation  for  the  year 
systematically  can  show  his  employer  results  and  he 
knows  that  his  -own  engineering  knowledge  has  become 
broader.  Surely  a  habit  containing  such  a  twofold  bless- 
ing is  worth  a'  little  time  and  effort. 

Boiler-Efficiency  Chart 

On  another  page  of  this  issue  is  to  i>e  found  a  "Boiler- 
Efficiency  Chart"  devised  by  John  C.  Parker  of  the 
Parker  Boiler  Co.  Our  readers  may  recall  a  chart  of 
a  similar  nature,  though  in  somewhat  different  form,  l)y 
F.  0.  Pahmeyer,  that  appeared  in  the  issue  of  July  23, 
1912.  Mr.  Parker  had  previously  exhibited  at  a  meeting 
of  the  A.  S.  M.  E.  the  chart  printed  herewith,  which  was 
copyrighted  at  an  earlier  date  than  Mr.  Pahmeyer's, 
although  the  charts  were  plotted  independently. 

Both  attain  practically  the  same  results  and  are  plotted 
to  coordinate  axes.  The  reader  is  left  to  choose  that 
which  meets  his  jiarticuhir  needs. 

Selection  and  Use  of  Cylinder 
Lubricants 

In  these  days  of  close  attention  to  power-plant  per- 
formances, when  many  plants  are  running  continuously 
under  test  conditions  to  determine  what  kind  or  mixture 
of  coal  will  evaporate  the  most  water,  it  is  true  that  too 
little  attention  is  paid  to  the  selection  of  stean-engine 
(ylinder  lubricant  as  Mr.  Lawrence  intimates  in  his  arti- 
cle, in  this  issue. 

Bring  up  the  subject  of  lubricant  .selection  and  the  effi- 
ciencies of  lubricants,  especially  cylinder  oils,  among  most 
engineers  and  the  discussion  dies  at  the  moment  of  its 
birth  because  so  little  accurate  data  are  available  that  few 
can  intelligently  discuss  the  question.  Yet  it  is  very  im- 
portant to  know  if  the  best  lubricant  has  been  selected, 
price  considered,  and  whether  or  not  the  proper  quantity 
is  being  supplied  to  the  units  after  the  best  has  been  pur- 
chased. 

Feeding  enough  oil  or  lubricant  to  an  engine  or  pump 
cylinder  to  keep  the  unit  from  grunting,  regardless  of  all 
other  conditions,  cost  included,  is  altogether  too  common. 

It  is  hoped  that  the  article  referred  to  may  induce 
many  engineers  to  discover  what  lubricant  is  best  suited 
for  their  equipment  by  determining  the  niimber  of  horse- 
power-hours per  gallon  per  unit  of  cost  that  the  lubri- 
cant will  give  under  normal  conditions  of  saturated  or 
superheated  steam. 

When  a  minimum  consumption  compatil)le  with  good 
running  is  discovered  for  each  engine,  it  should  not  be 
difficult  to  establish  and  approximately  maintain  a  stand- 
ard. 

It  is  inconsistent  to  bewail  the  loss  of  a  few  pounds 
of  coal  at,  say,  three  dollars  per  ton.  while  ignoring  the 
loss  of  half  a  pint  of  oil   at  thirty-five  cents  per  gallon. 
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"Keyed"   Check   Nut 

111  order  to  guard  against  the  defect  of  tmlocked  uiits 
oil  iiiachiuery,  a  millwright  having  charge  of  a  large  mill 
drilled  a  hole  from  the  end  of  the  nut,  half  in  the  nut 
and  half  in  the  bolt,  aud  filed  a  "V"  in  a  piece  of  soft 
wire  which  was  driven  into  the  hole. 

After  the  introduction  of  this  practice,  no  trouble  was 
experienced  with  loose  or  lost  nuts  and  the  possibility  of 
dama.se  to  life  and  machinery  was  reduced  to  a  minimum. 
Charles  F.  Scribxer. 

Hartford,  Conn. 

[This  manner  of  making  a  nut  fast  is  not  new.  but 
mention  of  it  here  may  serve  as  a  reminder  for  those 
who  have  forgotten  it. — Editor.  1 


Removing  Solidly  Driven  Keys 

Those  who  have  troul)le  in  removing  head-keys  from 
the  valve-gears  of  Corliss  engines  and  other  places  will 
find  that  all  trouble  may  be  avoided  by  adopting  the 
following  method  of  removing  the  keys. 

Place  a  monkey-wrench  over  the  key  as  shown,  and 
insert  a  compound  wedge  between  the  Jaws  of  the  wrench 


Showing  Use  of  Wrench  .xxn  Wedges  for  Removing 
Keys 

and  under  the  head  of  the  key.  By  applying  a  pressure 
on  the  end  of  the  wrench  and  at  the  same  time  driving 
the  wedges  or  cold  chisels,  whichever  is  used,  the  key  will 
slowlv  and  surely  come  out. 

.John  F.   IUrst. 
I.,()iiisvill('.  Ky. 

Engine-Driven  Fan  Increased 
Combustion 

Possibly  sonic  reader  may  be  interested  in  niic  detail 
(if  a  steam  jilant  1  have  been  remodeling. 

There  are  two  lioilers;  one  (JxlS  ft.  with  110  three  and 
a  half-incii  tubes,  the  other  (i  ft.  C,  in.  by  IS  ft.  with  118 
three  and  a  half-inch  tubes.  One  boiler  had  a  36-in. 
-moke  flue  leading  to  a  chimney  60  ft.  high,  with  a  .36-iii. 
>'|uare  fliie.  The  other  boiler  had  a  36-in.  flue  leading  to 
a  36-in.  steel  stack  61)  ft.  higli. 

As  there  were  times  when  liic  draft  was  insuiricient,  I 
•  '(•signed  an  induced-draft  arrangement,  which  works  very 
-atisfactorily.  A.«  the  space  was  limited  the  fan  and  di- 
rect-connected engine  were  ])la<id  on  a  steel-beam  plat- 
form above  and  in  front  of  the  boilers.    Tlie  iioilers  were 


i-omiected  to  a  U-shaped  iirecching  and  the  fan  inlet  was 
attached  at  the  center  of  the  U.  The  exhaust  flue  was 
connected  with  the  chimney. 

The  fan  engine  was  fitted  with  a  variable-speed  gov- 
ernor, allowing  for  a  50  per  cent,  variation  in  speed.  A 
chronometer  valve  was  placed  on  the  steam  pipe  to  the 
engine,  and  the  lever  of  this  valve  was  connected  with  the 
damper  regulator.  In  this  way  the  speed  of  the  fan  was 
regulated  by  the  pressure  which  seldom  varies  over  2  per 
cent. 

These  boilers  are  in  continuous  service  day  and  night, 
and  in  a  test  of  25^^  hours'  duration  made  recently,  evap- 
orated 10.9  lb.  of  water  from  and  at  213  deg.  per  lb.  of 
iiituminous  coal. 

Fourteen  samples  of  flue  gas  were  analyzed,  showing 
an  average  of  11.45  per  cent.  CO,.  The  temperature  of 
the  flue  gases  varied  from  370  to  500  deg.  The  draft 
gage  varied  from  1  to  7%  in. 

S.  E.  Dart. 

Troy,  X.  Y. 

Leaking  Throttle    Valve  Repaired 

The  throttle  valve  on  a  1000-lip.  cross-compound  en- 
gine leaked  badly,  and  I  was  asked  to  investigate  and 
make  repairs.  The  practice  had  been,  so  the  attendant 
stated,  to  use  the  starting  bar  for  a  lever  in  an  endeavor 
to  tightly  close  the  valve. 

Conditions  left  no  reason  to  doubt  that  this  practice 
had  been  indulged  in  by  the  attendant. 

Fig.  1  shows  the  seat  casting  which  was  without  a 
flange  or  shoulder,  and  was  probably  originally  threaded 
to  the  pipe,  standard  taper,  viz.,  %-in.  to  the  foot,  aji 


FIG.  2 

\ai,vi:-Seat   Castings 

proximately  .SI/2  in.  diameter,  and  16  threads  per  inch. 
This  fine-i)itch  thread  was  stripped  entirely,  allowing  the 
valve  .seat  to  be  ]>ushed  by  the  disk  into  the  hole  in  the 
valve  casting,  until  the  guide  stem  brought  u])  against 
the  back  of  the  valve  body,  the  guide  stem  being  badly 
bent,  showing  that  a  lever  bad  been  used  to  close  the 
valve. 

'I'hc  valve  ,stem  proper  is  1  lA  in.  in  diameter,  with  a 
four-pitch  s(|uare  thread,  and  fitted  with  an  18-in.  diam- 
eter wheel.  Clearly,  then,  this  made  an  excellent  "jack." 
using  a  42-in.  starting  bar  for  a  lever,  to  strip  the  16 
]iit(h  threads  on  the  seat  casting. 

Repairs   were   made   by   straightening   the   guide  stem 
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and  making  a  pattern  for  a  new  seat,  as  shown  in  Fig.  2, 
with  a  flauge  or  shoulder  %  ij^-  larger  in  diameter  than 
the  threaded  part  and  about  %  in.  thick.  This  was  then 
threaded  to  fit  the  valve  casting,  so  that  when  screwed 
down  all  the  way,  the  shoulder  would  be  set  firmly  against 
the  iron.  Since  doing  this  there  has  been  no  trouble  in 
closing  the  valve  tightly  by  hand. 

Columns  have  been  printed  on  the  subject  of  opening 
throttle  valves  wide.  More  columns  should  be  printed, 
and  read,  in  an  attempt  to  discourage  the  practice  of 
using  bars  and  levers  on  throttle  valves,  or  in  fact  any 
kind  of  valve.  When  a  valve  cannot  be  shut  tightly  with- 
oui;  resorting  to  this  kind  of  abuse,  it  is  time  it  was  re- 
paired. 

H.  K.  Low. 

Moosup,  Conn. 

Coal  Wasted  through  Ashpit  Doors 

Eecently,  in  taking  charge  of  sikhi  hp.  of  boilers  I 
found  that  considerable  coal  was  wasted  by  falling  off  of 
the  shovel  in  firing  and  going  into  the  ashpit  through 
the  ashpit  doors.  We  have  14  boilers,  having  a  total  of 
60  firedoors  and  ashpit  openings.  I  found  that  about  90 
.shovelfuls  of  coal  were  lost  each  day.  To  overcome  this 
loss  I  had  screens  made  of  ^-in.  mesh  heavy  galvanized- 
iron  wire  and  1-iu.  wide  by  i/4-in.  thick  iron  serving  as 
the  material  for  the  frames.  We  burn  Xo.  2  buckwheat 
coal  and  these  screens  placed  in  front  of  the  ashpit  doors 
prevent  coal  from  entering  the  pits  and  being  wasted. 

J.  T.  Fennell. 

Philadelphia,  Penn 

Measuring  Water  in   Boiler  Test 

Where  neither  a  feed-water  meter  nor  a  weighing  tank 
has  been  provided  on  the  boiler-feed  lines,  the  arrange- 
ment of  piping  and  weighing  apparatus  shown   in   the 


open  feed-water  heater  and  two  cross-connected  feed 
pumps. 

From  the  feed-water  heater  discharge  to  the  feed 
pumps  B  a  connection  F  is  carried  over  to  the  weighing 
barrels  C.  The  inlets  from  pipe  F  to  the  barrels  are  each 
provided  with  a  valve,  preferably  a  quick-closing  valve 
to  permit  of  the  barrels  being  rapidly  refilled. 

Barrels  C  are  placed  on  the  weighing  scales  H.  When 
valve  J  is  shut,  the  feed  water  from  the  heater  is  diverted 
to  the  barrels,  and  when  these  are  full,  the  gross  weight 
of  each  barrel  and  its  water  contents  is  recorded.  The 
valves  L  are  then  opened  and  the  water  emptied  into  the 
tubs  D. 

A  common  suction  for  the  two  pumps  is  connected  to 
the  tubs,  and  the  water  is  pumped  from  the  tubs  to  the 
boilers  through  pipe  G.  When  the  barrels  have  emptied, 
the  weight  of  the  empty  barrel,  with  a  small  amount  of 
water  which  always  remains  in  the  bottom,  is  obtained, 
and  the  difference  between  this  weight  and  the  gross 
weight  of  the  full  barrel  represents  Ihe  weight  of  the  feed 
water  pumped  to  the  boilers. 

When  a  boiler  test  is  being  conducted  with  this  weigh- 
ing apparatus,  each  barrel  is  weighed  and  filled  alter- 
nately. If  the  filling  and  emptying  connections  to  the 
barrels  and  tubs  are  of  ample  area,  say  2  or  21^  in.  in 
diameter,  the  outfit  shown  in  the  sketch  will  handle  an 
hourly  load  up  to  1000  boiler  horsepower. 

New  York  City.  James  A.  McIIollan. 

Copper    Ring   V-Gasket  Stops  Leak 

The  plant  of  our  ship  had  a  capacity  of  16,000  hp.  We 
were  supplied  with  two  feed-water  heaters,  28  in.  in 
diameter,  with  thirty-two  1%-in.  studs  to  keep  the  heads 
tight.  The  back  pressure  of  8  lb.  on  the  auxiliary  ex- 
haust was  trapped  into  a  feed  tank.  The  heaters  worked 
nicely,  supplying  feed  water  at  from  210  to  220  deg.  F., 
but  the  heads  would  always  leak  more  or  less  every  trip. 
The  leakage  was  so  considerable  as  to  cause  the  loss  of 
more  fresh  water  than  we  could  spare  when  at  sea.  We  had 
tried  all  kinds  of  high-pressure  packing  that  promised 
success,  including  soft  white  metal  and  copper,  but  never 
succeeded  in  making  the  joint  tight. 

At  last  a  gasket  was  made  out  of  Vs-in.  sheet  copper, 
annealed  and  soldered  to  the  heads,  then  put  in  the  lathe 
and  turned  down  to  -^^  in.,  leaving  two  small  Y-pieces, 
one  as  close  inside  as  possible  to  the  bolt  holes,  the  other 
1/2  in-  outside  the  inner  one.  This,  when  set  up  hard,  made 
a  tight  joint.    If  the  flanges  are  of  cast  iron  or  something 


Arrangement  for  Weighing  Water  in  Boiler  Test 


accompanying  illustration  may  be  used  to  ascertain  the 
weight  of  the  water  being  pumped  to  the  boilers.  The 
weighing  barrels  and  scales,  shown  in  the  sketch,  can  be 
easily  connected  up  to  the  piping  in  any  boiler  room. 
The  arrangement  shown  here  is  in  connection  with  an 


that  solder  will  not  adhere  to,  any  other  method  that  will 
hold  the  gasket  in  place  will  do,  as  the  solder  is  only  used 
to  hold  the  copper  while  working  it. 

G.  D.  KuAMP. 
Philadelphia,  Penn. 
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Problem    in    Power- Plant    Economics 

In  regard  to  L.  W.  Chadwick's  question,  in  a  recent 
[  issue,  as  to  power-plant  economy,  my  personal  opinion 
is  that  it  would  be  far  more  economical  to  purchase  a  new 
engine  than  to  overload  the  old  one  over  50  jjer  cent.  If 
the  overload  was  temporary,  say,  for  a  period  of  four  or 
five  years,  it  miglit  not  be  economical  to  purchase  a  new 
engine,  but  as  the  additional  load  is  permanent  and  con- 
sidering the  waste  of  steam  with  a  late  cutoff  and  the  in- 
creased rate  of  depreciation,  not  to  mention  the  danger  of 
a  possible  accident,  due  to  hazardous  engine  speed,  it 
would,  undoubtedly,  be  more  economical  to  purchase  a 
new  engine. 

However,  this  is  a  question  that  can  best  be  answered 
by  the  use  of  operating-cost  accounts.  If  these  show  a 
saving  by  operating  at  a  more  efficient  load  sufficient  to 
cover  a  fair  rate  of  interest  on  the  cost  of  a  new  engine, 
then  buying  a  new  engine  would  be  a  good  investment. 
Then,  too,  it  might  be  cheaper  to  compound  the  old  en- 
gines or  to  install  a  condenser.  All  this  depends  on  con- 
ditions in  this  particular  plant,  and  cannot  be  decide(T 
without  a  thorough  study  of  the  situation.  The  problem 
is  one  that  a  competent  consulting  engineer  should  be 
I       employed  to  investigate  and  solve. 


E.  F.  Goad. 


Decatur,  111 


Charging  for  Electric  Current 

Evidently  from  writings  that  have  appeared  in  Power, 
its  readers  greatly  misunderstand  systems  of  charging  for 
electric  current.  From  the  synopsis  to  W.  H.  Booth's 
article  in  the  Apr.  1  issue  the  editor  is  in  the  same  posi- 
tion, ludeed,  very  few  not  connected  with  the  electric- 
light  business  give  the  matter  enough  attention  to  get  a 
clear  conception  of  the  problems  involved.  The  prin- 
ciples governing  the  making  of  rates  for  electric  service 
and  for  the  sale  of  merchandise  are  radically  different; 
electric  current  cannot  logically  be  sold  like  groceries. 

Why  some  features  of  a  system  for  charging  for  electric 
current  appear  ridiculous  when  applied  to  the  conduct 
of  a  country  store  is  because  they  do  not  apply.  Central- 
station  men  are,  no  doubt,  actuated  often  by  the  desire  to 
get  business  when  they  ado]it  a  system  of  charging,  but 
most  so  called  ridiculous  systems  result  from  an  honest 
effort  to  make  each  customer  pay  in  proportion  to  what 
it  costs  to  serve  him. 

In  llr.  Booth's  country  store  each  l)loater  cost  thr  nu'i- 
I  liant  the  .=ame,  but  it  is  less  work  to  sell  a  crati'  to  one 
customer  at  once  than  a  bloater  at  a  time;  therefore,  if 
tlie  merchant  charges  each  customer  what  it  actually  costs 
to  serve  him,  he  will  charge  less  ]'cr  l)loater  by  the  crate 
than  one  at  a  time,  or,  he  will  sell  at  the  same  price  each 
for  the  bloaters  but  will  charge  less  for  waiting  on  the 
customer,  when  he  has  only  one  to  wait  on  instead  of 
niiiny.  It  takes  no  longer  to  pass  out  a  crate  than  to  wrap 
up  a  single  bloater. 


The  writer  once  had  to  deal  with  a  restaurant  keeper, 
who  was  offered  by  the  light  company  the  option  of  two 
systems  of  charging,  one  a  sliding  scale  based  on  quan- 
tity used  and  the  other  the  fco  called  "readiuess-to-serve" 
schedule.  The  place  was  small  and  kept  open  late.  There- 
fore it  used  a  great  many  kilowatt-hours  in  proportion 
to  the  number  of  lamps.  Under  the  sliding  scale  the  man 
paid  quite  a  large  light  bill,  but  he  would  not  listen  to 
the  advantages  of  the  "readiness-to-serve"  schedule.  As  it 
made  his  light  cost  him  several  dollars  a  month  less,  the 
writer  voluntarily  billed  him  by  that  schedule,  but  he 
would  roar  every  month  about  that  "readiness-to-serve" 
charge,  which  he  did  not  understand  and  still  he  would 
not  listen  to  explanations.  Finally  he  was  sent  two  bills, 
one  made  out  on  the  sliding  scale  and  the  other  on  the 
hated  "readiness-to-serve"  schedule,  with  a  letter  telling 
him  to  pay  whichever  one  he  chose.  It  took  no  mental 
effort  for  him  to  see  that  one  lull  was  three  dollars  less 
than  the  other, 

In  addition  to  paying  for  fuel  and  labor  a  lighting 
plant  must  pay  taxes,  insurance,  depreciation  and  main- 
tenance before  paying  interest  on  the  investment.  If  one 
were  asked  to  install  a  plant  to  supply  720  kw.-hr.  per 
month  and  to  fix  the  price  per  kilowatt-hour,  how  would 
he  proceed?  With  the  data  given  he  would  be  stumped. 
He  would  not  know  what  size  plant  to  install  and,  there- 
fore, could  not  estimate  what  charge  to  make  for  labor, 
fuel,  taxes,  insurance,  depreciation  or  maintenance.  He 
might  be  required  to  be  ready  to  deliver  the  whole  720 
kw.-hr.  without  a  moment's  notice  at  any  instant  during 
the  month  or  to  deliver  only  one  kilowatt  per  hour  con- 
tinuously. Obviously  the  price  per  kilowatt-hour  must 
depend  on  the  factor  of  "readiness-to-serve"  which  is  sim- 
ply a  short  way  of  saying,  taxes,  insurance,  depreciation, 
maintenance,  interest  on  investment,  etc. 

Take  a  concrete  case.  A  plant  was  desired  for  a  small 
town  which  has  no  prospect  for  growth.  To  be  economical 
the  plant  must  be  just  large  enough  and  an  estimate  made 
of  the  probable  demand  of  each  customer.  It  was  con- 
cluded that  25  kw.  would  be  large  enough  and  that  lOc 
customers  would  be  secured.  Some  of  these  would  use 
several  lights  for  a  short  time  each  evening  and  some  only 
a  few  but  for  longer  periods.  The  franchise  required  that 
the  company  be  prepared  to  furnish  service  to  all  who 
might  apply  for  it.  The  completed  plant  cost  about  $8000. 
In  effect,  a  part  of  this  investment  was  nuide  for  each  of 
the  100  customers  and  this  portion  is  nearly  directly  pro- 
jiortional  to  the  most  current  the  customer  would  demand 
when  the  load  on  the  iilant  is  at  the  jieak.  Some  of  the 
investment  is  made  when  the  customer  is  connected,  but 
most  of  it  when  the  plant  is  installed.  But  to  all  in- 
tents and  purposes  the  money  is  tied  up  for  that  particular 
customer's  benefit  and  the  company  is  coniiielled  by  law 
to  tie  up  most  of  this  money  because  the  company  must 
serve  all  who  apply  or  forfeit  its  right  to  do  business. 

5Ir.  Booth's  merchant  is  under  no  obligation  to  supjily 
all  the  bloaters  that  miglit  chance  to  be  called  for.    More- 
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over,  if  his  stock  of  bloaters  becomes  exhausted,  he  cau 
repleuish  it  quickly.  Wheu  more  service  is  demanded 
than  a  central  station  can  furnish,  its  capacity  is  not 
easily  increased. 

In  the  case  under  cousideraiion  tlie  rale  per  kilowatt- 
huur  was  lixed  at  15c.,  because  it  was  thougiit  that  would 
lie  all  the  traffic  would  bear,  but  to  yield  a  reasonable  in- 
come on  the  investment  the  rate  w-ould  probably  have  been 
higher.  A  minimum  charge  of  -$1.50  per  month  was  made. 
Suppose  a  customer  uses  10  kw.-hr.  a  month;  he  would 
just  use  his  minimum,  and  suppose  he  uses  this  amount 
by  burning  his  lamps  a  short  time  each  evening  over  the 
peak,  or  when  the  load  on  the  plant  is  the  highest,  and 
suppose  the  $1..50  is  a  fair  price  for  the  ser^^'ice  rendered 
and  paid  for  this  customer's  share  of  the  investment. 
Again,  suppose  this  customer,  by  burning  the  same  lamps 
more  hours,  should  use  twice  as  many  kilowatt-hours, 
should  he  pay  twice  as  much  ?  By  no  means.  He  has 
already  paid  his  share  of  the  investment  and  now  he 
should  only  have  to  pay  for  what  the  additional  current 
co.st  plus  a  fair  profit.  At  this  little  plant  the  additional 
current  can  be  generated  at  the  cost  of  10  lb.  of  coal  per 
kilowatt-hour  or  about  0.014c.  per  kw.-hr.  Is  it  logical 
to  charge  the  customer  1.5c.  for  what  only  costs  about 
li^c. ?  Central  stations  do  not  charge  the  same  for  every 
individual  kilowatt-hour  sold,  becau.se  each  one  does  not 
cost  the  same. 

Suppose  the  customer  uses  twice  the  manber  of  kilo- 
watt-hours by  burning  twice  the  number  of  lamps  for  the 
same  length  of  time.  Then  his  service  will  cost  the  com- 
pany nearly  twice  as  much  and  he  should  pay  about  twice 
as  much.  The  plant  mentioned  does  not  give  day  service, 
but  only  runs  from  dusk  until  dawn.  A  certain  customer 
has  lamps  requiring  l^/^  kw.  and  averages  about  80  kw.-hr. 
per  month,  for  which  he  pays  the  15c.  rate.  If  this  cus- 
tomer tised  his  lamps  all  night  every  night  he  would  use 
about  540  kw.-hr.  per  month.  The  additional  460  kw.-hr. 
would  require  the  burning  of  only  about  2.3  tons  more 
coal  and  but  very  little  other  expen.se.  Therefore,  the 
460  kw.-hr.  would  cost  the  light  company  less  than  the 
fir.st  80.  Would  there  be  anv  reason  in  charging  the  same 
rate? 

In  the  foregoing  the  writer  has  not  attempted  to  take 
into  account  all  the  factors  involved  but  only  to  show 
why  the  same  system  would  not  apply  to  electric  service 
and  a  country  store.  In  devising  a  system  of  charging 
for  electric  service,  the  above  and  other  factors  must  be 
considered,  and  the  problem  becomes  very  complex.  Its 
complexity  accounts  for  many  of  the  seemingly  ridiculotis 
systems  in  use,  and  among  the  difficulties  in  the  way  of  a 
simple  solution  of  the  problem,  one  of  the  greatest  is  the 
public's  steady  refusal  to  try  to  understand  the  matter. 
It  mu.st  also  be  admitted  that  many  persons  engaged  in 
the  manufacture  and  sale  of  electricity  have  never  given 
the  question  much  study. 

G.  E.  Miles. 

La  Jara.  Colo. 

Electric  Elevator  Questions  and 
Answers 

In  Mr.  Waldron's  catechism,  published  in  the  issue  of 
May  13,  are  some  answers  and  explanations  which  might 
have  been  more  complete.  In  his  answer  to  the  first  ques- 
tion where  he  .speaks  of  the  possibility  of  the  ear  having 


run  down  so  far  ,iint  the  counterweights  have  opened 
the  iiatch-limit  switih  (which  is  contrary  to  my  experi- 
ence, the  car  usually  operating  the  limit  switches),  he 
advises  working  the  car  up  l)y  the  use  of  spanner  wrenches. 

By  holding  the  potential  switch  in  place,  the  car  may 
be  moved  from  the  board  or  from  the  car.  This  is  per- 
fectly safe,  and  surely  much  easier  than  his  method.  An 
operator  will  often  allow  the  car  to  run  down  too  far 
with  a  load,  before  shutting  off  the  power,  thus  permit- 
nig  the  car  to  reach  the  limit  switch  and  the  car  is  then 
moved  as  stated.  His  answer  to  the  question :  "What 
causes  the  car  to  make  a  solid  stop?"  is  rather  puzzling  to 
me.  Why  should  the  top  shoe  be  moved  rather  than  the 
bottom  shoe,  when  the  car  stops  with  a  jerk  on  the  up 
motion?  Do  not  the  brake  shoes  set  the  same  for  both 
motions?  What  would  Mr.  Waldron  do  where  the  l)i-ake 
shoes  arc  set  on  each  side  of  the  brake  pulley,  and  not 
on  the  top  and  bottom? 

Helative  to  his  statements  aliout  getting  a  car  in  service 
after  the  safety  device  has  operated,  assuring  the  passen- 
gers of  perfect  safety,  and  taking  up  the  slack  in  the  hoist- 
ing cable  is  all  right,  but  I  do  not  see  how  he  is  going 
to  slacken  ofl:'  the  safety  clutch  before  resetting  the  centrif- 
ugal governor  on  the  top  of  ^e  hatch.  He  does  not 
specify  the  particular  type  of  safety  he  had  in  mind,  but 
from  answers  to  other  questions,  judge  it  is  one  of  those 
which,  when  the  car  is  in  normal  operation,  the  slack 
portion  of  the  govcrncn'  or  rather  the  safety-clutch  cable 
is  wound  on  a  small  drum,  under  the  fljor  of  the  car. 
When  the  centrifugal  governor,  at  the  top  of  the  hatch, 
trips  (which  it  can  only  do  when  the  car  is  on  the  down 
trip),  the  governor  clutch  grips  the  governor  cable,  pulls 
it  out  of  the  clutch  on  top  of  the  car  and  as  the  car  con- 
tinues its  downward  course,  the  cabls  on  the  safety  drum 
is  pulled  off,  thus  driving  the  drum  around  and  setting 
the  clutches  on  the  guide  rails. 

Xow,  if  that  clutch  will  hold  a  heavy  car,  and  its  load, 
how  can  a  small  socket  wrench  move  it  until  the  governor 
is  reset?  The  governor  clutch  should  be  reset  before  at- 
tempting to  wind  up  the  drum. 

Mr.  Waldron  might  have  added  to  his  answer  regarding 
the  wear  of  cables,  that  the  drum-counterweight  cables 
are  first  to  go,  owing  to  the  fact  that  in  the  single-drum 
machine  located  in  the  basement,  the  drum-counterweight 
cables  have  to  make  an  S-bend  over  the  drum  and  travel- 
ing sheave,  whore  the  lifting  cables  have  only  a  U-bend, 
thus  making  the  life  of  the  drum-counterweight  cables 
shorter  bv  30  per  cent,  than  the  lifting  cables. 

Brooklvn.  X.  Y.  W.  TI    Pyatt. 


Comments  on  Flue-Gas  Analysis 

Regarding  the  flue-gas  analyses  readings  submitted  by 
F.  A.  Lowe,  in  Power  for  May  20,  it  is  difficult  to  com- 
ment intelligently  on  account  of  the  lack  of  information 
regarding  the  coal  burned  and  the  apparatus  used  for 
sampling  and  analyzing  the  gases,  etc.,  but  a  knowledge 
of  certain  general  principles  may  enable  him  to  locate 
and  correct  his  troubles. 

The  average  totals,  that  is,  the  sum  of  COo,  CO  and  0 
appear  high,  especially  for  the  percentages  of  CO,  ob- 
tained, unless  the  fuel  was  largely  anthracite.  With  av- 
erage bituminous  coals  entering  the  Xew  England  market 
the  amount  of  hydrogen  present  in  the  coal  and  available 
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for  conibiiiation  with  the  oxygen  of  the  air  supplied  for 
conihustioii  is  sutficient  to  lower  the  total  of  C'()._„  CO  and 
0  (If  CO  is  not  present  in  too  large  a  (juantity,  when  it 
causes  an  appreciable  increase  in  the  totals)  by  al)out  one- 
sixth  of  the  percentage  of  CO;^  found,  below  the  value  of 
20.'.i,  which  it  would  have  if  the  fuel  were  pure  carbon. 
If  a  gas. analysis  shows  15  per  cent.  CO,  when  burning 
New  River  coal,  it  is  to  be  expected  that  the  sum  of  CO,. 
0  and  CO  (if  not  over  1  per  cent,  of  CO  is  present) 
will  Ije  rather  close  to 

20.9  —  V^  X    15   =    1S.4  [icr  ceiil. 

The  cause  of  high  totals  is  too  large  capillary  tubes, 
either  in  the  manifold  of  an  Orsat  or  in  the  connections 
of  other  forms  of  apparatus.  For  example,  the  volume  of 
the  most  common  form  of  Orsat  burette  is  100  c.c.  Sup- 
posing that  that  [lart  of  the  capillary  tube  from  the  upper 
mark  on  the  burette  to  the  stop-cock  of  the  CO,  pipette 
contains  1  c.c,  then  the  volume  of  gas  analyzed  for  CO, 
will  be  101  c.c,  and  if  the  gas  actually  contains  15  per 
cent.  COj  the  decrease  in  volume  will  be  15.15  c.c.  and 
will  read  as  15.15  per  cent.  CO,  iu  the  burette.  Similarly 
if  the  volume  of  the  manifold  itp  to  the  stop-cock  of  the 
oxygen  pipette  is  2  c.c  and  the  true  percentage  of  CO, 
and  oxygen  is  18.4  per  cent.,  the  decrease  iu  volume  will 
be  18.77  c.c.  and  will  read  on  the  burette  as  18.77  or  an 
increase  of  nearly  0.4  jjer  cent,  over  the  true  total. 

If,  as  some  operators  recommend,  the  capillary  is  filled 
with  water  in  expelling  the  last  of  the  old  sample  and 
the  branches  to  the  pipettes  become  filled  with  water,  the 
effect  of  the  large  capillary  is  even  more  pronounced,  as 
during  analysis  this  water  is  forced  into  the  pipettes  and 
its  place  must  be  taken  by  gas  from  the  sam])le,  indicat- 
ing a  greater  absorption  than  has  actually  taken  place, 
equal  to  the  volume  of  the  water  contained  in  the  capil- 
lary branches.  But  under  whatever  conditions  the  an- 
alyses were  niad(>  T  would  reject  the  first  analysis  in  the 
table  presented  hy  Mr.  Lowe  as  the  total  of  CO,,  CO  and 
0  equals  23  per  cent.,  whereas  if  the  fuel  were  pure  car- 
bon it  could  not  properly  exceed  21.5  per  cent,  even  with 
this  percentage  of  CO. 

Xegative  readings  of  CO  may  be  due  to  three  causes: 
The  first  and  most  usual  one  is  a  change  in  temperature 
of  the  samjjle  and  ai)])aratus  during  analysis.  If  the 
tc'm])eratiire  increases  the  sample  expands  as  the  at- 
mos])heric  pressure  at  which  it  is  measured  remains  con- 
stant and  the  result  is  a  lower  reading  after  absorption  in 
the  CO  pij)ette  than  before.  Comparatively  slight  tem- 
perature changes  will  produce  this  effect.  For  instance, 
since  the  volumes  of  gases  at  constant  pressure  are  pro- 
portional to  their  absolute  temneratures.  to  produce  the 
—0.2  CO  reading  shown  in  fh(^  fifth  analysis  at  11  o'clock, 
if  the  gas  sample  was  at  a  temperature  of  70  deg.  F., 
it  would  reipiire  an  increase  in  1ein|ieraturi'  of 

'1.2 
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This  can  easily  ociiir  unless  a  water-jacketed  burette 
is  used  and  the  apparatus  is  kept  out  of  drafts.  The 
best  way  to  detect  this  is  by  a  small  thermometer  sus- 
pended in  the  burette  jacket,  but  if  on  cheeking  the  CO.^ 
or  O  absorption,  there  is  a  continued  apparent  increase 
or  decrease  of  one-  or  two-tenths  per  cent.,  a  change  in 
tem]ierature  is  to  be  suspected  and  indications  of  snir.U 
finanfities  of  CO,  shoidd  lie  given  little  weight. 

0((asionall\    if    the   cuprous   chloride   solution    is   too 


strongly  acid  and  the  apparatus  is  used  iu  a  rather  warm 
place,  hydrochloric-acid  gas  will  be  given  off  and  increase 
the  volume  of  the  sample,  jn-oducing  a  negative  CO  effect. 
This  is  easily  detected  by  passing  the  gas  into  the  CO, 
pipette  where  the  caustic  potash  will  immediately  absorb 
the  hydrochloric-acid  gas  and  give  the  true  reading.  This 
is  also  useful  when  ammoniacal  cuprous  chloride  is  u.sed, 
up  to  the  saturation  point  of  the  liquid  in  the  CO,  and  0 
pipettes  with  ammonia  gas.  A  better  way  is  to  keep  the 
water  in  the  burette  slightly  acid  with  sulphuric  acid  and 
use  a  little  phenolphthaleiu  to  show  that  it  remains  so. 

A  third  and  less  usual  cause  is  in  cases  where  much  CO 
is  present  iu  the  gases  being  analyzed,  the  cuprous 
chloride  solution  becomes  so  nearly  saturated  with  CO 
that,  while  it  will  still  absorb  some  CO  from  gas  contain- 
ing considerable  CO,  it  will  give  up  CO  to  a  gas  contain- 
ing little  or  no  CO,  and  in  this  way  produce  a  negative 
reading,  such  as  shown  in  Mr.  Lowe's  tables.  This  con- 
dition can  be  detected  by  analyzing  a  sample  of  air,  iu 
which  case  the  amount  of  CO  given  up  will  be  a  measure 
of  the  amount  going  through  the  aualysis  undetected  and 
the  analyses  can  be  corrected  accordingly. 

In  fact,  if  one  has  a  suspicion  that  the  apparatus  is  not 
working  just  right  it  is  a  very  convenient  check  to  an- 
alyze a  sample  of  air,  for  by  comparing  the  results  ob- 
tained with  the  true  values  of  20.9  per  cent,  oxygen  and 
70.1  nitrogen  it  is  usually  i)ossible  to  tell  what  is  wrong. 

Jsewtou  Highlands.  Mass.  J  I.    1).   Fi«hi:i;. 


Countersunk  Rivets  on  Boilers 

In  the  issue  of  Apr.  1.  umler  Incpuries  of  (reneral  In- 
terest, someone  asked  if  it  was  allowable  t(j  use  counter- 
sunk nearly  flush  with  the  sheet. 

1  have  worked  in  locomotive-repair  shops  several  years 
and  where  the  rivets  are  inside  the  firebox  of  locomotive 
boilers  the  use  of  countersunk  rivets  is  quite  extensive ;  in 
fact,  on  some,  if  not  all,  railroads  the  rivets  inside  the 
firebox  are  countersunk  altogether,  nunc  especially  along 
the  side  sheets  and  flue  sheets.  The  mud-ring  rivets  are 
below  the  fire  and  they  are  not  always  countersunk,  but 
quite  frequently  arc. 

It  seems  that  the  intense  heat  inside  the  lii-ebox  of  this 
class  of  boiler  burns  off  the  heads  if  they  aic  not  counter- 
sunk nearly  flush  with  the  sheet. 

In  putting  in  a  heavy  flue  sheet  in  the  firebox  the  edge 
of  the  flange  is  generally  scraped  down  quite  a  bit  for  the 
same  reason,  for  if  it  is  left  very  thick  the  heat  injures  it 
and  makes  it  crack  and  leak  all  the  more  quickly. 

Here  is  an  incident  which  happened  recently  that  nuty 
be  of  some  interest:  The  boiler  was  being  repaired  and 
quite  a  few  new  stay-bolts  had  been  jiut  in  the  side  sheet. 
When  the  boiler  makers  started  to  hammer  up  the  stay- 
bolts  the  weather  was  ])retty  cold  and  the  steel  was  cold. 
When  they  started  to  hammer  the  bolts  the  sheet  cracked 
along  a  line  between  five  stay-bolts,  a  length  of  about  23 
in.,  making  a  new  side  sheet  in  the  firebox  necessary. 

On  examining  the  steel  where  it  was  cracked  it  had  the 
frosted  a|iiiearan(e  of  tem]iered  tool  steel  when  broken. 
It  seems  that  the  intense  heat  and  strains  on  a  firebox  on 
a  locomotive  boiler  tend  to  crysfalizc  the  metal  and  make 
it  \ery  brittle,  as  I  have  known  of  several  such  cases. 

Livingston,  !Mont.  H  Mioi.ii  .1.  Wii.mv.son. 
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LiO!<t  Motion  In  Pump  Valve  Stem — What  will  be  the  effect 
of  taking  the  lost  motion  out  of  the  valve  stem  of  a  duplex 
pump? 

F.    M.    S. 
It  will   make   the   valve   operate   more   promptly   and   result 
in    shortening    the   stroke   of   the    pump. 


Adding  Lap  to  Pnmp  Valve — What  would  be  the  effect  of 
adding  lap  to  the  steam  valve  of  a  duplex  pump? 

F.    M.    S. 

It  would  have  the  effect  of  cutting  off  the  steam  before 
the  end  of  the  stroke  causing  the  steam  to  act  expansively 
for  a  short  time  as  in  an  engine,  and  it  would  also  delay  the 
beginning   of  the  stroke. 


CaHt-Iron  Steam  Pipe — Is  cast  iron  suitable  for  under- 
ground  steam   piping? 

J.   P.    S. 

Cast  iron  has  the  advantage  over  wrought  iron  or  steel 
of  resisting  corrosion  better  and  hence  is  preferable  for  use 
underground,  but  it  is  .1  poor  material  for  carrying  steam  of 
any  pressure  higher  than  10  lb.  per  sq.in.,  because  of  the 
uncertainty  of  its  strength  and  its  behavior  in  expanding  and 
contracting   when   subjected  to   variations   in   temperature. 


Meaning;  ol  Name-Plate — The  name-plate  of  a  "Northing- 
ton  duplex  steam  pump  patented  Apr.  4,  1S99,  has  the  fol- 
lowing size  rating: 

190  X  216  X  152 


7%  X  S"^   X  6 
What   does   it   mean? 

J.  E.  11. 
The  upper  figures  are  the  metric  equivalents  of  the  lower 
ones.     The  pump  has  a  7%-in.   (190  mm.)   steam  cylinder,  S'A- 
In.   (216-mm.)   pump  cylinder,  and  6-in.    (152-mm.)    stroke. 


Heating  Water  Electrically — What  current  and  what  size 
wire  and  how  much  of  the  wire  would  be  required  to  raise 
the  temperature  of  one  gallon  of  water  10  deg.  in  5  min.? 

E.    H. 

From  a  table  in  Foster's  Electrical  Engineers'  Pocketbook 
it  is  found  that  it  will  take  325  watts.  At  110  volts  this 
would  mean  approximately  three  amperes  and  a  resistance 
of  36  ohms.  A  No.  20  iron  wire  has  a  resistance  of  one  ohm 
for  every  8%    ft.      Therefore, 

S%    X    36    =    306   ft. 
of  No.  20  wire  would  be  required. 


Double  Ports  in  Duplex  Pumps — Why  is  a  duplex  steam 
pump    double-ported? 

J.   N. 

To  give  separate  passages  for  intalie  and  exhaust  of 
steam.  The  latter  are  not  so  near  the  ends  of  the  cylinder 
as  the  steam  ports  and  when  the  piston  covers  them  no  more 
steam  can  escape  so  that  the  piston  is  brought  to  rest  with- 
out shock  by  the  "cushioning  on  the  exhaust."  The  steam 
thus  imprisoned  fills  the  clearance  spat  back  to  the  valve 
seat  and  when  the  valve  opens  the  steam  port  at  the  be- 
ginning of  the  next  stroke  the  clearance  space  does  not  re- 
quire filling  with  live  steam. 

Life  ot  Condenser  Tubes — ^What  is  considered  a  reasonable 
length   of  life   for   condenser   tubes   using   brackish  water? 

A.    S.    L. 

The  life  will  depend  on  local  conditions.  In  one  plant  in 
the  vicinity  of  New  York  where  the  condensing  water  is 
contaminated  with  sewage,  the  tubes  last  on  an  average  of 
four  years.  At  another-  plant  where  the  water  is  acid  the 
tubes  have  to  be  renewed  on  an  average  of  every  two  and 
a  half  or  three  years.  Another  large  New  York  plant  re- 
ports a  tube  life  of  three  years.  All  of  these  plants  use 
aluminum-bronze  condenser  tubes,  preferring  them  to  those 
made   of  the  admiralty   composition. 


•      Reversing   Engine    Rotation — How    is    the    direction    of    ro- 
tation  of   a  slide-valve   engine  Reversed? 

W.   B.    B. 
Turn   the   engine   over   until   the    crosshead   is   at   one    end 
of  its  stroke  and  block  the   flywheel.     The   center   of  the  ec- 


centric will  then  be  above  or  below  the  cen:er  or  the  shaft. 
Observe  how  far  it  is  to  one  side  or  the  other  of  the  center 
and  after  loosening  the  eccentric  revolve  it  around  the  shaft 
until  it  is  the  same  distance  from  the  center  as  before,  but 
on  the  opposite  side.  Then  remove  the  steam-chest  cover  and 
adjust  the  valve  stem  so  the  valve  lias  the  same  lap  over  the 
steam  port  at  each  end. 


Riding  Cutoft — What  are  the  advantages  of  having  an 
adjustable  riding  cutoff  on  the  low-pressure  steam  end  of  a 
cross-compound  compressor? 

R.   R. 

The  adjustable  riding  cutoff  equalizes  or  varies  the  rela- 
tive amount  of  load  carried  by  the  high-  and  low-pressure 
cylinders,  lengthening  the  cutoff  on  the  low-pressure  cylin- 
der having  the  effect  of  reducing  the  proportion  of  power 
developed  in  the  low-pressure  cylinder,  while  shortening  the 
cutoff  in  that  cylinder  increases  the  back  pressure  on  the 
high-pressure  cylinder  and  reduces  the  proportion  of  power 
developed  in  the  high-pressure  cylinder.  A  full  explanation 
of  the  effect  of  changing  the  point  of  cutoff  is  given  in  the 
article  "Shorter  Cutoff,  Greater  Load,"  by  F.  R.  Low,  in 
"Power,"  Aug.  6,  1912,  page   ISO. 


Strain  on  Sfay-Bolt — The  outside  nuts  on  a  boiler  stay- 
bolt  are  tig-htened  until  the  strain  is  8000  lb.  in  the  body  of 
the  bolt.  Then  the  inside  nuts  are  tightened  until  the  strain 
in  the  threaded  part  between  the  nuts  is  2400  lb.  Finally 
the  boiler  is  put  under  100-lb.  pressure.  What  is  the  total 
load   on   the   stay   if   each   stay   supports    100   sq.in.? 

E.   J.    K. 

The  strain  on  the  body  of  the  bolt  due  to  the  boiler  pres- 
sure  would   be 

100  X  100  —  10,000  lb. 
The  initial  strain  being  SOOO  lb.  due  to  the  outside  nuts,  the 
body  of  the  bolt  will  be  under  18,000-lb.  strain.  The  strain 
due  to  the  inside  nuts  reduces  no  strains  anywhere,  but  puts 
an  added  strain  on  the  threaded  parts  of  the  bolt  making 
the  total  strain  at  those  points  20,400   lb. 


Pump  Capacity — How  much  w^ater  per  hour  will  a  duplex 
steam  rump  handle  having  a  6-in.  steam  cylinder,  4-in,  ■water 
cylinder    and    6-in.    stroke,    when    making    75    r.p.m.? 

W.    H. 
The  cross-sectional   area  of  the   water   cylinder,   neglectinsj 
the   area    of    the    rod,    is 

4    X    4    X    0.7S54    =    12.566   sq.in. 
The  displacement  for  one  6-in.  stroke  would  be 

12.566    X    6    =    75.396  cu.in. 
and   for    150    (2    X    75   r.p.m.)    strokes    and    two    cylinders    (the 
pump    being    duplex)    would    be 

75.396    X    150    X    2    =    22.618.8    cu.in.    per   min. 


22.61S.i 


jal.    per    min. 


97.91?    X    60    =    5875.02   gal.    per   hr. 
These   figures   do   not    .ake   slippage    into  account. 


Vacuum  at  High  Altitude — How  many  inches  of  vacuum  is 
it  possible  to  obtain  at  an  altitude   of   10.500   ft.? 

R.   R. 

At  sea  level  the  atm.cspheric  pressure  is  14.7  lb.  per  sq.in. 
At  one  miie,  or  5280  ft.  above  sea  level  it  is  12.02  lb.  and  at 
two  miles,  or  10.560  ft.,  It  is  9.S  lb.  Roughly  the  pressure 
decreases  %  lb.  per  1000  ft.  of  ascent.  For  an  altitude  of 
10,500  ft.  (which  is  10.560  —  10,500  —  60  ft.  less  than  2  miles) 
the   pressure   may  be   taken   to   be 


60 
1000 


of  0.5    =    0.03   lb. 


less  than  9.8  lb.  or  9.77  lb.  per  sqin.  As  2.0355  in.  of  mercury 
is  balanced  by  1  lb.  of  pressure,  then  with  a  perfect  vacuum, 
an  atmospheric  pressure  of  9.77  lb.  would  balance  a  column 
of   mercury 

9.77    X    2.0355    =    19.887  in. 
and  with   good  condensing  apparatus  it  should   be  possible   to 
maintain  a  vacuum  of  19  in. 
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Estimating  Heat  Value  of  Fuel 

The  heat  value  of  a  fuel  is  estimated  either  by  actually 
hurning  a  small  sample  and  measuring  the  heat  given  oif 
(ir  by  calculation  based  on  either  the  ultimate  or  the  prox- 
imate analysis.  The  first  is  the  more  accurate  method, 
but  as  the  cost  of  the  required  apparatus  is  rather  high, 
and  as  it  is  not  important  for  everyday  work  to  know 
the  exact  heat  value  of  every  lot  of  coal  received,  we  will 
pay  most  attention  to  the  second  method  and  pass  over 
the  first  after  giving  a  brief  description  in  order  that 
you  may  be  familiar  with  it  in  a  general  way. 

Coal  C'alokijietek 

The  sample  burned  is  as  carefully  selected  and  prepared 

as  the  sample  used  for  the  proximate  analysis,  and  its 

weight  is  usually  the  same,  1  gram.     It  is  burned  in  a 

device  called   a  calorimeter — a   name   derived  from   the 


Fi(i.    J.   Si.Mi'ij;   Fuii.M  uF   Coal  ('aloijimeter 

words  caloric,  meaning  boat,  and  meter,  meaning  nicas- 
u  rer. 

Fig.  ]  illustrates  a  sim]>le  form  of  the  commonest  type 
of  coal  caiorimeler.  The  Ijomij  or  crucible  C  of  iron  or 
steel  and  lined  with  some  material  which  is  not  affected 
by  the  products  of  combustion,  contains  the  sample  of 
coal  to  be  tested,  and  is  suspended  in  the  water  chamber 
B  as  shown.  Tliis  water  chamber  is  surrounded  by  the 
casing  A  to  reduce  error  due  to  radiation.  The  stem  F 
is  hollow  and  closed  ofl!  at  the  upper  end  by  a  valve.  The 
wooden  lid  //  is  tight  fitting.  To  load  the  bomb  C  it  is 
taken  out  and  unscrewed  from  the  cap  G.  The  sample 
of  coal,  thoroughly   mixed   with   the   proper  amount  of 


some  chemical  which  gives  up  oxygen  when  heated  (usu- 
ally sodium  peroxide)  is  put  into  the  bomb  and  the  latter 
is  again  screwed  into  place.  A  quantity  of  water,  which 
has  been  exactly  measured,  is  then  put  into  B,  and  when 
the  lid  //  is  again  fixed  in  place,  the  calorimeter  is  ready 
for  the  test.  The  water  is  stirred  for  a  few  minutes 
with  the  paddle  D  until  the  thermometer  E  shows  that 
the  temperature  has  ceased  changing.  Then  the  valve 
at  the  top  of  the  stem  F  is  opened,  a  small  piece  of  red- 
hot  nickel  wire  is  dropped  in  and  the  valve  quickly  closed 
again. 

Eapid  and  complete  combustion  takes  place  due  to  the 
liberation  of  the  oxygen  from  the  chemical  mixed  with  the 
coal.  The  heat-laden  products  of  combustion  are  all 
trapped  in  the  bomb  and  hence  must  give  up  their  heat 
to  the  surrounding  water,  which  is  again  stirred  for  sev- 
eral minutes  to  hasten  the  transfer  and  to  maintain  uni- 
formity. The  rise  in  the  temperature  of  the  water  is 
carefully  noted,  the  thermometer  being  graduated  to  read 
in  small  fractions  of  a  degree. 

Knowing  the  weight  of  the  water  and  the  rise  in  tem- 
perature, the  number  of  heat  units  generated  by  the 
sample  can  easily  be  calculated  by  multipljnng  these  two 
factors  together,  and  the  heat  value  of  a  pound  of  fuel 
can  then  be  found  by  multiplying  by  a  constant,  which 
takes  into  account  the  ratio  of  weights  and  other  factors 
involved. 

Heat  Value  by  Calculation 

As  has  been  pointed  out,  the  combustion  of  a  given 
element  always  results  in  the  generation  of  a  fixed  amount 
of  heat.  Thus,  when  a  pound  of  pure  carbon  burns  com- 
pletely (forming  CO.)  14,600  B.t.u.  is  produced.  When 
2  lb.  is  burned,  3!),200  B.t.u.  is  generated,  and  so  on. 
Consequently,  the  heat  value  of  carbon  is  said  to  be  14,600 
B.t.u. — which  means  14,600  B.t.u.  per  lb.,  as  the  pound 
is  the  unit  of  weight  almost  universally  used  in  this 
country. 

When  a  jiound  of  pure  cariion  burns  incomiiletoly 
(forming  CO),  only  4450  B.t.u.  is  produced.  But  if, 
in  turn,  the  resulting  2^  lb.  of  CO.,  which  is  a  com- 
bustil)le  gas,  is  burned,  10,150  additional  B.t.u.  is  lib- 
erated, making  the  total  heat  produced  equal  to  14,600 
B.t.u.,  just  the  same  as  though  the  pound  of  carbon  had 
burned  completely  (to  CO.)  in  the  first  place.  Hence, 
the  heat  value  of  CO  is 

10,150 

^^  =  4.550  B.t.u.  prr  ///. 

The  heat  value  dI'  pure  hydrogen  is  C"2,00(l  U.l.u.  jicr  Hi. 

These  heat  values  for  carbon  and  hydrogen  were  estab- 
lished by  experiment  and  hence  probably  are  not  abso- 
lutely e.xact.  In  fact,  some  authorities  give  values  for 
carbon  as  low  as  14,220,  and  as  high  as  14,647,  and  for 
hydrogen  as  low  as  61.816  and  as  high  as  62,0.32,  but 
as  the  ones  given  (14,600  and  62,000)  are  the  most 
wiilely  accepted  and  used,  it  is  best  to  accept  them  for 
use  in  our  work. 
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The  heat  value  of  sulphur,  the  only  other  heat-pro- 
ducing element  in  the  common  fuels,  is  4050  B.t.u.  per  lb. 
While  this  fact  is  interesting,  it  is  not  important  in  prac- 
tical work,  because  in  addition  to  the  heat  value  of  the 
sulphur  itself  being  low,  the  percentage  of  sulphur  in  the 
average  ficl  is  also  low;  besides,  the  sulphur  may  not  be 
pure  and  hence  may  have  no  heat  value  whatever.  Thus 
the  amount  of  heat  due  to  the  sulphur  is  very  small  com- 
pared with  that  given  up  by  the  two  main  elements,  car- 
bon and  hydrogen. 

To  estimate  the  heat  value  of  a  pound  of  fuel  contain- 
ing both  carbon  and  hydrogen,  simply  multiply  the  per- 
centage of  total  carbon  in  the  fuel  (expressed  as  a  deci- 


Heat  Value  by   Formula 

The  foregoing  method  can  lie  expressed  in  a   forniula 
as  follows  : 


lb. 


(J  X  14,000  -f  /  //  —    ,      li'^  (HKi    =    ll.t.u.    pel 


where 

C  ^    Decimal  part  by  weight  of  carl)on  in  the  fuel ; 
R  =  Decimal  part  by  weight  of  hydrogen  in  the  fuel ; 
0  =  Decimal  part  by  weight  of  oxygen  in  the  fuel. 
To  apply  this  formula  to  another  example,  assunu    a 
coal  with  this. analysis:  Carbon,  65.23  per  cent.;  hydro- 
gen, 4.95  per  cent.;  ogygen.  14.85  per  cent.;   nitrogen. 
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mal)  by  14,600,  the  percentage  of  available  hydrogen 
(also  expressed  as  a  decimal)  by  62,000  and  add  the  re- 
sults together. 

To  illustrate,  assume  we  wish  to  e.'^timate  the  heat 
value  of  a  coal  with  this  analysis:  Carbon,  68.12  per  cent: 
hydrogen,  4.98  per  cent. ;  oxygen,  7.42  per  cent. :  nitro- 
gen, 1.98  per  cent.:  sulphur.  4.54  per  cent.;  ash,  12.06 
per  cent. 

The  heat  due  to  the  carbon  is 

0.6812  X  14,600  =  9945.5  B.t.u. 

The  available  hydrogen  equals 
0.0742 


0.04!(8 


=  0.0405 


and  this,  multiplied  by  the  heat  value  of  hydrogen, 

0.0405  X  62,000  =  2511  B.t.u., 
the  heat  due  to  the  hydrogen  in  the  coal.     The  sum  of 
these  two  quantities  is 

9945.5  +  2511  =  12,456.5  B.t.u. 
the  heat  value  of  the  coal. 


l.()6   per  cent.;  sulphur,  2.10  per  cent.;  ash,  11.21 
cent.     Substituting  in  the  formula,  we  have 


0.(i523  X  14,(i(i0  +  (0.0495  __2Ji?2  j 


63,000 


=  11,439  B.f.n. 
The  foregoing  method  or  formula  may  be  used  for 
any  other  kind  of  fuel  or  for  oil,  wood,  gas,  etc.  In  deal- 
ing with  gas,  however,  care  must  be  used  that  volumes 
and  weights  are  not  confused  to  produce  error.  A  com- 
mon method  of  stating  the  heat  value  of  a  fuel  gas  is  in 
B.t.u.  per  cubic  foot  or  per  1000  cu.ft.  In  such  cases  the 
temperature  and  pressure  of  the  gas  must  also  be  speci- 
fied because  these  influence  the  volume  greatly.  The 
temperatures  most  frequently  taken  are  32  and  60  deg. 
F.,  and  the  pressure,  14.7  lb.,  absolute. 

Heat  Value  from  Proximate  Axaltsis 

The  proximate  analysis  of  coal  does  not  give  the  per- 
centage of  hydrogen,  the  percentage  of  oxygen    nor  the 
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percentage  of  total  carbon.  It  does  give  the  percentage 
of  fixed  carbon,  but  in  addition  to  this  the  fuel  contains 
some  carbon  which  forms  part  of  the  volatile  matter  and 
the  amount  or  percentage  of  this  volatile  carbon  cannot 
be  found  except  by  the  ultimate  analysis.  Hence,  thi' 
formula  just  given  is  of  use  only  in  those  few  cases  where 
the  ultimate  analysis  is  available,  so  that  other  methods 
will  mostly  have  to  be  used  in  our  work. 

Some  relation  exists  between  the  percentage  of  fixed 
carbon  in  the  combustible  matter  of  coal  and  the  heal 
value  of  the  combustible  matter.  To  illustrate,  if  the 
combustible  matter  of  a  given  coal  consists  of,  say,  60 
per  cent,  fixed  carbon  and  the  other  40  per  cent,  volatile 
matter,  it  is  jn'obable  that  the  heat  value  of  a  pound  of 
such  combustible  matter  will  be  found  to  be  about  15,08o 
B.t.u.  This  does  not  apply  closely  to  all  coals,  but  it 
applies  closely  enough  to  most  coals  to  lie  useful  in  the 
absence  of  a  better  or  more  accurate  method  of  estimation 
that  can  be  used  with  the  proximate  analysis. 

Fig.  2  is  based  on  this  fact.  This  chart  was  constructed 
from  over  300  analyses,  representing  coal  found  in  27 
states  and  territories,  made  by  the  United  States  Gov- 
ernment and  published  in  numeroiis  bulletins.  It  is 
almost  exactly  correct  for  a  limited  number  of  cases, 
reasonably  near  correct  (probably  within  3  per  cent.)  for 
a  large  number  of  cases  and  quite  far  from  correct  in  a 
few  cases.  The  curve  is  most  uniforndy  accurate  for 
coals  which  have  combustible  matter  containing  from 
64  to  90  per  cent,  fixed  carbon.  Where  the  fixed  carl)on 
runs  less  than  64  per  cent,  the  curve  may.  in  a  few  cases, 
err  as  nuuli  as  7  per  cent. 

Al'l'I.K  ATIOX    oi'    ('hai;t 

To  estimate  the  heat  value  of  a  i-<ial  with  a  given  prox- 
imate analysis,  add  together  the  percentage  of  fixed  car- 
bon and  the  percentage  of  volatile  matter  in  the  coal ; 
divide  this  sum  into  the  percentage  of  fixed  carbon  and 
multiply  by  loii.  This  gives  the  jiercentage  of  fixed  car- 
bon in  the  combustible  matter.  Locate  this  percentage 
at  the  foot  of  the  chart,  extend  your  pencil  straight  iiji 
until  you  strike  the  curve,  then  extend  it  to  the  nearest 
(left  or  right)  margin  in  a  straight  horizontal  line  and 
read  olf  the  T>.t.u.  ])cr  pound  of  combustible.  Multijily 
the  I'.t.u.  thus  found  l)y  the  sum  of  the  percentage  of 
fixed  carbon  and  volatile  matter  in  the  coal  as  shown  liy 
the  proximate  analysis,  and  the  aiiswei'.  divided  by  l^o. 
gives  the  B.t.u.  per  pound  of  coal. 

i  To  illustrate  with  an  actual   example,  as.sume  a   coal 

'  with  this  proximate  analysis:  Moisture,  5.12  per  cent.: 
volatile  matter.  27.25  per  cent. :  fixed  carbon,  53.38  ]K'r 
cent.:  ash,  14.25  per  cent.     Adding  together  the  percont- 

i       age  of  fixed  carbon  and  the  percentage  of  volatile  matter. 

I  53.38  +  27.25  =  80.63. 

Dividing  this  into  the  fixed  carbon,  we  liavc 

.-,:?. 38  -4-  80.63  =  0.662. 
wiiich,  luidtiplied  by  100.  gives  66.2  per  cent,  fixed  car- 
bon in  the  combust iide.  Referring  to  the  base  line  of  the 
ciiart.  find  the  66  i)er  cent,  line  and  .iudge  a  point  0.2, 
or  i.  of  the  distaiue  to  the  next  line  beyond.  Trace  an 
imaginary  vertical  line  (this  line  is  .shown  dotted  on  the 
chart)  up  from  this  point  to  the  curve  and  then  horizon- 
tally to  the  left  margin.  It  strikes  exactly  the  15,400- 
B.t.u.  line.  Then,  15.400  B.t.u.  may  bo  taken  as  the 
heat  value  of  a  jiound  of  conibustiiile  matter  such  as  found 
in  the  coal  given  in  the  example. 


Xow,  if  the  coal  was  all  combustible  and  had  no  mois- 
ture nor  ash,  the  heat  value  per  pound  of  coal  would  i)e 
identical  with  the  heat  value  per  pound  of  combustible. 
But  only  80.63  per  cent,  of  the  coal  is  combustible,  and 
hence  the  heat  value  of  a  pound  of  coal  is  equal  to  only 
SO. 63  per  cent,  of  the  heat  value  of  a  pound  of  combust- 
ible.    Thus,  the  heat  value  of  the  coal  is 

l.j,4()()  X   80.63  ^   100  =   12,41 :   fl.t.it. 

EXKKCISK    I'liOBLICJIS 

What  is  the  heat  value  of  a  coal  with  the  following  ulti- 
mate analysis:  Carbon,  63.65  per  cent.;  hydrogen,  5.26 
per  cent.;  oxygen,  10.12  per  cent.;  nitrogen,  1.59  per 
cent. ;    sulphur,  5.03  per  cent. :  ash,  14.35  per  cent.  ? 

Estimate  the  heat  value  of  a  coal  which  has  this  proxi- 
mate analysis:  Moisture,  1.36  per  cent.:  volatile  matter, 
35.51  per  cent.;  fixed  carbon,  50.06  per  cent.:  ash,  13.07 
]ier  cent. 
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BERECHNUNG.  KNTWURF  .t  BETRTEB  R.\TIONELLER 
RESSELAUHAGEN  (Calculation.  Design  and  Operation  ot 
Rational  Boiler  Plants).  By  Max  Geusch.  Published  by 
Julius  Springer,  Berlin.  Germany.  ClotVi,  6x9  in.;  207 
pages:    95    figures.      Price,    $1.50, 

Although  steam-boiler  design  has  been  developing  for  so 
many  years  much  improvement  can  still  be  made  in  the  va- 
rious parts  of  a  boiler  plant.  The  object  of  this  book  is  to 
show  how  such  improvements  can  be  accomplished,  if  the 
designer  will  accept  better  information  about  the  processes 
involved  in  steam  production.  In  his  preface,  the  author 
points  out  why  he  contends  we  have  not  advanced  far  from 
the  first  stage  of  boiler  design,  although  marked  improve- 
ments have  been  made  in  economy.  This,  he  maintains,  is 
clearly  perceived  if  we  look  at  the  present  status  of  boiler 
design  and  the  every-day  specification  of  their  form,  etc.  We 
can  expect  to  make  considerable  progress  only  through  a 
careful   development    of   the    theories    involved. 

This  book  is.  therefore,  highly  theoretical  and  can  only  be 
used  by  persons  possessing  a  thorough  knowledge  of  higher 
mathematics.  It  is  arranged  very  concisely  and  clearly  with- 
out going  far  into  details  of  existing  boiler  types.  The  sub- 
ject  is   treated   rather   from   a   general   point   of  view. 

In  the  first  chapter,  "The  Furnace."  the  author  makes  an 
exhaustive  study  of  all  factors  involved  in  building  an  efficient 
furnace.  The  questions  of  fuel,  air  supply,  flue  gases,  radia- 
tion, etc.,  are  carefully  analyzed  and  practical  examples  hel|) 
to  explain  the  complicated  formulas.  With  like  carefulness 
the  heating  surface  is  treated  in  another  chapter.  The  im- 
portance of  rightly  proportioning  the  heating  surface  is 
shown  and  the  development  of  steam,  the  capacity  of  the 
heating  surface,  water  circulation,  etc..  are  exhaustively 
treated.  A  special  chapter  is  devoted  to  the  draft,  since  the 
economy  of  a  boiler  plant  is  largely  dependent  on  a  careful 
dimensioning  of  the  flue  and  stack.  The  contents  of  thi.s 
chapter  ought  to  be  of  great  value  to  the  designer.  Formulas 
are  given  by  means  of  which  good  results  can  be  obtained. 
Practical  examples  show  the  usefulness  of  these  formulas. 
The  flnal  chapter  is  devoted  to  the  general  erection  of  boiler 
plants.  It  is  very  important,  as  It  deals  with  the  problems 
involved  in  selecting  boilers,  furnaces,  economizers  and  su- 
perheaters. Space  is  also  devoted  to  controlling  devices,  such 
as  those  for  determining  the  daily  coal  consumption,  flue-gas 
analyzing  apparatus,   etc. 

This  book  should  prove  of  great  use  not  only  to  the  con- 
structor and  student,  but  also  to  the  user  of  boiler   plants. 


In  erecting  the  80-tt.  sheet-Iron  smokestack  at  the  new 
boiler  plant  of  the  Belle-Vernon-Mnpes  Oalry  Co.,  Cleveland. 
Ohio,  a  three-ton  motor  truck  was  made  to  serve  as  a  hoist- 
ing engine.  The  stark  weighed  nearly  4riOO  lb.  and  had  to 
be  elevated  to  a  masonry  foundation  12  ft.  above  the  ground 
surface.  A  guyed  mast  was  set  up  alongside  the  base  of  the 
stack:  a  cable,  made  fast  to  the  stack,  was  carried  through 
a  pullev  at  the  masthead,  down  to  a  second  pulley  near  the 
ground"  and  thence  to  the  motor  truck.  The  truck  then  was 
hacked  awav  from  the  mast  and  the  stack  hoisted  until  II 
could  be  swung  around  and  lowered  Into  position  on  Its 
foundation.      The   operation    consumed    only  a    few    minutes. 
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Engine-Cylinder  Lubrication 


1>Y  Willis  Lawkexce 


SYNOPSIS — It  is  pointed  out  thai  a  high-priced  oil  is 
not  necessarily  the  best  oil  for  steam-engine  cylinder  lubri- 
cation, also  that  the  moisture  content  of  the  steam,  a  most 
important  factor  in  selecting  a  good  oil,  is  too  often  a 
matter  of  mere  guessworl:  Gi-aphite  combined  with  oil 
proves  a  good  lubricant  for  engine  cylinders. 

When  supplies  are  purchased  for  the  steam  plant,  some 
known  standard  of  quality  is  employed  to  ascertain  the 
plant  value  of  the  supply,  or  the  composition  of  the  ma- 
terial is  learned  and  the  known  value  of  the  constituents 
give  to  the  supply  its  value.  In  the  buying  of  coal  the 
British  thermal  units,  ash,  carbon,  etc.,  fix  the  value. 
The  value  of  metals  is  governed  by  their  composition : 
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textiles  by  their  fibers,  weave,  etc.,  but  in  the  selection  of 
a  cylinder  lubricant  such  methods  are  rarely  employed, 
although  the  selection  of  a  suitable  oil,  owing  to  its  in- 
fluence on  the  maintenance  and  operating  costs,  demands 
more  critical  attention  than  is  usual  in  power-plant  prac- 
tice. 

A  common  occurrence  when  trouble  appears  in  the 
form  of  scored  cylinders  and  valves,  is  to  hold  the  oil 
responsible  for  the  damage.  After  the  necessary  repairs 
are  made  and  possibly  the  mechanical  cause  of  the  trouble 
removed,  another  oil  is  substituted  with  very  satisfactory 
results.  Both  oils  may  have  come  from  the  same  field, 
had  the  same  composition  and  physical  properties,  in 
fact,  be  the  same  oil,  but  from  barrels  with  different 
trade  names,  and  the  admiration  for  the  second,  together 
with  the  condemnation  of  the  first,  would  be  unjustified. 
Most  engineers  do  not  compare  the  physical  properties 
of  the  oils  to  learn  which  one  possesses  the  most  desirable 
constituents  for  his  particular  needs,  but  is  satisfied  to 
continue  with  the  oil  which  operates  the  engine  without 
any  outward  appearance  of  trouble. 

This  condition  works  a  hardship  on  the  oil  seller  as 
well  as  on  the  oil  user,  as  it  does  not  place  the  buying  of 
oil  on  a  safe  competitive  basis.  The  honest  salesman  who 
is  anxious  to  submit  his  wares  for  competition  based  upon 
their  composition  and  characteristics  is  often  shut  out, 
while  inferior  goods  at  high  prices  are  admitted  to  the 
plant,  working  an  injustice  to  the  producer  and  consumer. 

Should  an  engineer  for  any  cause  be  compelled  to  change 


the  cylinder  oil  through  its  failure  to  give  desired  results, 
he  would  naturally  look  for  a  better  oil  This  might  mean 
a  more  suitable  oil  for  his  requirements  at  a  lower  cost, 
or  ditferent  composition  at  the  same  cost.  Xot  knowing 
the  values  of  the  different  constituents  he  will  generally 
buy  a  higher-priced  oil  with  the  result  that  he  may  pos- 
sibly get  an  oil-  inferior  to  that  which  he  was  using, 
judged  from  the  point  of  plant  valve. 

Fig.  1  shows  curves  plotted  from  analyses  of  different 
oils  ranging  in  price  from  30  to  70c.  Considering  that 
oil  having  the  higher  flash  and  fire  test  with  the  proper 
compounding  as  being  the  most  suitable  for  steam-cylin- 
der lubrication,  we  are  forced  to  the  conclusion  that  the 
plant  values  of  these  oils  are  in  inverse  proportion  to 
their  prices.  The  lower  lubricating  values  represented 
by  the  curves  are  for  gas-engine  cylinder  lubrication, 
which  demands  a  more  fluid  oil  with  absence  of  carbon- 
producing  matter.  They  usually  represent  an  earlier 
stage  of  distillation  and  probably  cost  more  to  produce, 
due  to  the  filteriug  process,  but  the  increased  cost  of  pro- 
duction does  not  seem  to  be  sufficient  to  justify  the  higher 
prices  quoted.  It  will  be  seen  that  hacl  the  engineer  se- 
lected an  expensive  oil  he  would  have  undoubtedly  re- 
ceived a  lubricant  entirely  unsuitable  for  the  steam  cylin- 
der.    We  must  select  an  oil  free  from  tar  and  similar 


Fi<;.  i.   Kesults  of  Tksi's  of  C'ylixdei!  Oils 

bases,  which  forces  us  to  the  Peunsylvauia  crude  oil.  This 
product  is  almost  entirely  free  from  these  heavy  carbons 
and  has  a  paraffin  base.  When  the  refinement  is  carried 
to  the  point  where  the  oil  burns  at  600  or  650  deg.  F., 
and  contains  sufficient  acidless  tallow  to  form  an  emul- 
sion with  the  moisture  in  the  steam,  we  have  the  stand- 
ard high-grade  steam-cylinder  oil.  It  will  be  seen  that 
the  influence  of  the  oilman  is  limited,  and  is  usuallj'  con- 
fined to  compounding  the  oil  to  meet  the  moisture  condi- 
tions. In  this  he  is  compelled  to  rely  upon  the  engineer's 
report,  who  in  turn  is  usually  without  the  necessary 
means  to  accurately  determine  the  amount  and  he  is  com- 
IDelled  to  guess  at  the  proportion.  If  the  salesman  ac- 
cepts the  report  as  being  correct,  he  compounds  the  oil 
accordingly.  It  will  be  seen,  then,  that  one  of  the  most 
important  constituents  is  proportioned  by  guess,  and  this 
condition  explains  the  trouble  sometimes  encountered  in 
securing  the  proper  oil  to  meet  the  plant  requirements. 
The  "old  hand"  at  the  business,  when  trouble  is  re- 
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ported  at  a  certain  plant,  rushes^  to  it  witli  an  oil  high 
in  tallow,  often  as  much  as  12  per  cent,  and  invarialily 
produces  au  improvement  in  conditions,  and  after  secur- 
ing the  business  proceeds  to  lower  the  animal  matter  to 
a  reasonable  amount.  The  foregoing  conditions  are  il- 
lustrated in  the  curve.  Fig.  2,  where  three  oil  companies 
competing  for  the  plant's  business  put  forth  their  best 
efforts  to  secure  the  highest  efficiency  for  their  oils. 

A  on  his  first  attempt  secured  7500  hp.-hr.  per  gal. 
followed  by  18,500  hp.-hr.  on  the  second  trial.  B's  first 
trial  resulted  in  13,000  hp.-hr.,  the  second  in  10,000  hp.- 
hr.  The  third  trial  went  to  16,500  hp.-hr.,  while  C's  ef- 
forts secured  15,500  and  9000  hp.-hr.  respectively.  It  is 
obvious  that  if  their  products  had  been  compounded  with 
a  reasonable  degree  of  certainty  the  results  would  have 
been  more  certain. 

After  experimenting  with  similar  conditions  the  writer 
is  confident  that  graphite  properly  administered  would 
have  given  all  the  oils  nearly  the  same  value,  and  would 
have  raised  that  value  much  higher  than  those  obtained. 

It  will  be  seen  that  the  greatest  and  most  important 
task  in  meeting  severe  lubricating  requirements  is  to  mix 
with  the  clean  base  oil  the  required  amount  of  animal 
fat.  It  might  be  added  that  this  point  must  be  located 
between    verv   narrow    limits,   as  au  insufficient   amount 


Sixth.  If  any  injurious  etfect  would  be  produced  in 
the  boilers  if  carried  back  by  the  condensate. 

The  first  test  was  to  take  a  sample  from  a  highly-pol- 
ished cylinder  which  had  been  operated  with  a,  high-qual- 
ity cylinder  oil,  which  under  the  microscope  showed  a 
rough  surface  with  not  more  than  25  per  cent,  of  the 
area  as  effective  surface.  This  condition  was  the  result 
of  the  usual  porosity  of  the  iron  together  with  the  tool 
marks.  The  same  cylinder  was  then  lubricated  with 
graphite  and  oil  for  two  months  and  another  .?ample  ex- 
amined with  entirely  different  results.  The  niterstices 
of  the  iron  had  been  filled  with  graphite  and  the  sur- 
face covered  with  a  film  of  it.  The  action  resulted  in 
filling  up  the  low  section  of  the  iron  and  thereby  increas- 
ing the  bearing  surface.  The  depressions  acting  as  reser- 
voirs took  the  graphite  from  the  steam  and  gave  it  up 
to  the  piston  as  it  passed  over  it,  producing  a  very  sub- 
stantial low  friction  surface  to  support  the  moving  parts. 

The  iron  was  then  subjected  to  an  oxygen  flame  in 
which  the  graphite  became  incandescent,  showing  very 
plainly  its  presence  and  distribution  thToughout  the 
metal.  A  thorough  examination  failed  to  reveal  any  ob- 
jectionable conditions  in  the  cylinder  and  this  has  re- 
mained true  through  two  years  of  operation. 

To  determine  the  efficiency  of  amorphous  graphite  as  a 
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fails  to  give  the  retpiircd  lubi-icnticni,  while  an  cxct'ss  re- 
sults in  boiler  trouljles,  insulation  of  condenser  tubes,  the 
formation  of  de]50sits  in  the  steam  spaces,  and  chemical 
action  on  the  steam  surfaces  of  valves  and  cylinders.  The 
I  roubles  and  the  difficulty  experienced  in  attempting  to 
meet  the  usual  superheat  conditions  resulted  in  a  series 
of  experiments  to  determine  the  value  of  graphite  or  some 
more  stable  lubricant  to  assist  the  cylinder  oil  to  meet 
the  varying  conditions  without  resorting  to  the  use  of 
animal  fats,  which,  as  stated,  retjuires  a  delicate  pro- 
jwrtioning  to  meet  the  moisture  conditions,  and  which 
arc  valueless  in  dealing  with  the  superheat  conditions.  If 
it  should  meet  these  conditions,  it  would  still  have  the 
iilijedions  described. 

Tests  were  arranged  to  dctcniiiin': 

First.  The  mechanical  action  uf  Lrra|ihitc  on  the  steam 
surfaces. 

Second.  If  its  use  produced  ;iiiy  injurious  action  on 
the  cylinder  walls. 

Third.  Its  influence  on  the  etliciency  of  cylinder  oil 
and  con.sequeiit  effect  on  the  cost  of  lulirication. 

Fourth.  If  its  use  would  produce  deposits  in  the  oil 
grooves  and  ring  slots  of  piston   valves,  etc. 

Fifth.  If  it  could  be  substituted  for  the  animal  fat 
and  thereby  eliminate  the  uncertairity  of  compounding 
and  the  objectionable  features  of  the  tallow. 


lubricant,  a  high-pressure  cylinder  of  a  compound  engin.'? 
having  excessive  lap  and  using  high-pressure  "team  was 
u.>;ed.  By  feeding  the  minimum  amount  of  oil  necessary  to 
lubricate  the  cylinder,  a  value  was  determined  by  the 
number  of  hours  the  engine  would  run  on  a  gallon  of  the 
oil.  After  repeated  trials  it  was  found  that  the  values  ran 
from  G  to  12  hr.  per  gal.  with  what  might  be  considered 
standard  high-grade  oils.  The  same  oils  treated  with 
graphite  gave  an  almost  uniform  value  of  22  hr.,  equiv  . 
lent  to  an  increase  of  83  per  cent.  This  figure  was  very 
closely  approached  in  regular  operation,  as  may  be  seen 
by  observing  the  curve.  Fig.  3.  The  lower  part  of  the 
curve  represents  the  average  of  three  months'  consump- 
tion of  oil  without  graphite  and  fed  with  hydrostatic  lub- 
ricator, while  the  upper  part  shows  the  effect  of  oi'  with 
graphite,  using  an  improved  lubricator.  The  increase  is 
approximately  139  ]ier  cent.  The  same  effect  's  illus- 
trated in  Fig.  1.  The  upper  line  represents  a  month's 
consumi)t!oii  of  oil  with  hydrostatic  lubricators.  The  mid- 
dle liiu^  represents  the  same  condition  with  a  small 
amount  of  graphite,  while  the  lower  line  was  produced 
during  the  third  month  with  sufficient  graphite  and  an 
improved  method  of  f(>pding,  i.e.,  preventing  settlement 
of   tho  graphite   in   the  oil. 

Tr.  test  the  durability  of  graphite  as  n  lubricqnt  the 
engine  was  lubricalecl  with  cylinder  oil  for  a  few  days, 
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tlieu  the  siiiiply  of  oil  was  suddenly  stopped.  After  20 
iniu.  it  was  necessary  to  reestablish  lubrication.  The  same 
experiment  with  the  graphite  mixture  enabled  the  engine 
to  run  57  niin.  before  labricatiou  was  again  necessary. 
This  is  graphically  shown  vu  Fig.  5,  where  the  diifereuce 
in  the  two  lines  represents  the  difference  in  the  durability 
of  the  two  methods. 

The  que&tion  of  deposits  was  taken  up  by  collecting 
samples  of  accumulation  from  iow-pressure  cylinders,  gas 
engines  and  every  place  where  graphite  has  been  used. 
In  some  cases  tL?  engineer  had  emphatically  stated  that 
the  deposit  was  the  result  of  the  use  of  graphite,  but  in 
no  case  was  grc.ph'ce  found  to  be  present  more  than  by 
12  per  cent.,  and  mostly  at  an  average  of  7  or  8  per  cent., 
the  balance  being  animal  matter,  iron  and  sand  with  some 
carbonized  oil. 

Curve  A,  Fig.  6,  represents  the  action  of  oil  without 
animal  fat.  After  the  effects  of  previous  graphite  lubri- 
cation  had   disappeared,  the   value  of  the  oil   feii   very 
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Fig.  6.  Action  of  Oil  Without  Aximal 

Fats  and  of   Same   Oil  Tuf.ated 

WITH  Graphite 

rajncUy.  On  the  fourth  day  it  became  necessary  to  dis- 
continue its  use,  even  though  large  quantities  of  the  oil 
were  being  fed.  Upon  examination  the  valves  showed 
indication  of  cutting.  The  same  oil  was  then  treated  with 
gra])hite,  which  not  only  corrected  the  previous  condi- 
tions but  gave  very  satisfactory  lubrication  at  high  effi- 
ciency, as  is  shown  by  the  curve  B. 

To  test  the  effect  of  graphite  on  boilers.  200  11).  of 
graphite  was  introduced  with  the  feed  water  for  a  period 
of  three  months  without  producing  anything  but  bene- 
ficial  results. 

The  results  of  the  experiments  Justify  the  opinion  that 
the  action  of  graphite  on  steam  surfaces  is  mechanical 
and  positive,  producing  much  better  lubrication  than  can 
he  obtained  by  the  use  of  cylinder  oil  alone.  Also,  that 
no  injurious  action  results  from  its  use  either  in  engine 
cylinders  or  the  boilers,  and.  further,  that  its  use  in- 
creases the  efficiency  of  cylinder  oil  from  40  to  100  per 
cent.  That  deposits  will  not  form  f.ny  more  rapidly  than 
when  cylinder  oil  containing  animal  fat  is  used.  In  most 
cases  the  graphite  can  be  substituted  for  the  animal  fat, 
when  a  constant  mixture  of  it  and  cylinder  oil  in  pre- 
determined proportions  is  fed  to  the  cylinder. 
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The  "EnKineering-  Rt 
fitted  for  the  work  of 
find  a  practical  meaning 
the  end  of  the  engine- 
Go    to    it.    M.    E.;    swat    \ 


cord"  says  that  the  engineer  is  best 
mosquito  extermination.  At  last  we 
■  for  the  "M.  E."  so  often  tacked  on 
■r'.s  name:  Mosquito  Exterminator! 
m! 


No  corporation,  can  remain  soulless  after  Doctor  Cupid 
gets  his  strangle-hold  on  it.  The  Georgia  Ry.  &  Power  Co. 
has  fallen  under  the  wiles  of  this  heart  specialist,  who  pre- 
scribes matrimony  as  an  efficiency  tonic  for  its  employees. 
A  single  man  may  now  have  his  .Sunday  afternoons  off  in 
an  endeavor  to  decrease  the  visible  supply  of  old  maids.  Get- 
ting married  is  hard  work,  but  the  way  you  have  to  hustle 
afterward    makes    you    forget    it    to    some    extent. 

For  doggone  meanness,  nothing  equals-  those  swindlers 
who,  under  the  name  of  "college,"  rob  young  men  of  their 
savings  by  inducing  them  to  take  a  course  in  their  "colleges." 
"Leslie's  Weekly"  says  there  ■  are  several  fake  institutions 
carrying  on  such  work.  It's  not  difficult  to  get  the  endorse- 
ment of  people  who  know  the  standing  of  a  reputable  school, 
and  you  don't  have  to  take  the  school's  say-so,  either. 

Some  50  years  ago  a  paper  was  published  in  New  York 
called  the  "Quadruple  Constellation."  It  was  only  24  pages, 
but  the  size  of  them,  as  Cassidy  said,  would  paper  a  house. 
The  sheets  measured  70  by  100  in.,  divided  into  13  columns, 
each  48  in.  long.  The  editor  intended  publishing  it  every 
hundred  years.  It  took  40  people  eight  weeks  to  compile  it. 
This  sounds  like  a  joke,  but  it's  an  historical  fact:  a  man 
in  Philadelphia  has  a  copy.  By  the  time  he  gets  issue  No.  2 
he'll  have  to  build  a  garage   to    keep  the   two   of  them   on   file. 

<).\    THI';    WATER 


ess  contact 
respect  it? 
chock  full  of 
By    patient    re- 


SOME    REFLEC'I'IOX* 

Editor    the    Spillway; 

Sir:  Of  course  you  have  come  in  more  or 
with  water.  Have  any  confidence  in  it?  Do  yot 
Well.  I  don't;  leastwise  Croton  water.  It's 
"thallogenous.  chlorophyllous  cryptograms 
search  you  w'ill  find  that  this  unpronounceable  mess  is  algae. 
or  seaweed.  I  don't  hanker  for  a  drink  that  demands  the  use 
of   the   slicebar   to   break   it  up   before    it   will    flow   freely. 

Seaweed  is  a  food,  a  recreation,  may  be.  Mixed  "with 
H2O.  It's  a  good  reason  for  a  $10,000  suit  against  the  editor 
who  says  you  use  it  promiscuously.  I  take  my  sea"weed 
plain,  unflltered    and  externally,  down  to  the  seaside. 

Along  about  July,  on  my  3ay  off.  I  hie  me  to  the  shore, 
modestly  array  myself  in  the  bathing  habiliments  my  fond 
wife  thinks  so  becoming,  and  sportively  plunge  into  the 
briny  deep.  It's  then  I  get  my  seaweed  and  water.  Some- 
times I  get  more  than  this.  If  the  tide  is  low  I  may  come  to 
the  surface  in  the  warm  embrace  of  a  pair  of  last  season's 
corsets,  or  closely  attended  by  a  badly  worn  watermelon. 
(One  summer  I  collected  beer-bottles — with  the  soles  of  my 
feet.) 

On  rare  occasions  I  have,  for  a  brief  interval  kept  com- 
pany with  a  deceased  feline  or  a  more  or  less  perfectly  good 
dog  that,  despairing  of  my  coming  some  six  weeks  before, 
gave  up  his  young  life  and  just  patiently  floated  around 
loose  in  the  meanwhile — admitting  that  a  dog  can  become 
loose  in  the  meanwhile.  Draped  in  sufficient  seaweed,  with  a 
blue  or  green  background  of  salt  water,  these  surroundings 
are   merely   picturesque   if  you   don't   take   a  day  off  too  often. 

And  no  one  would  for  a  moment  Intentionally  accept  any 
of  these  incidentals  internally.  They  are  honest,  they  make 
no  pretense  of  being  other  than  they  are.  But  this  Croton 
stuff  basely  steals  unawares  into  our  very  midst;  it  travels 
under  false  pretenses.  Masked  by  seaweed,  Croton  may  con- 
tain pollywogs  or  molligoggles.  embryonic  lizards  or  jug- 
gledoogers.      Who   knows?     Who    seems   to   care? 

Even  as  a  chaser,  you  can't  be  too  particular  about  what 
you  drink.  Admitting  that  you  abstemiously  take  a  chaser, 
it's  fearful  to  think  that  perhaps  even  this  very  minute  you 
are  a  traveling  aquarium  or  a  r.uman  jar  full  of  the  afore- 
mentioned  pernicious   little   cusses  preserved   in   alcohol. 

Seaweed,  or  algae,  help  yourself,  is  an  excellent  fertilizer, 
sir:  it  raises  things,  garden  sass  ana  vegetables.  Croton, 
sir,  raises  my  indignation. 

Yours  for   better  conditions. 

ALGAE    C.    WEED. 
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Heating  Engineers  Meet  at  Indianapolis 

At  Indianapolis  and  in  the  Claypool  Hotel,  on  May  27  to 
29,  inclusive,  the  National  District  Heating  Association  held 
its  fifth  annual  convention.  The  registered  attendance  was 
150,  and  all  "were  enthusiastic  over  the  best  meeting  in  the 
history  of  the  association.  The  papers  were  good  and  va- 
ried in  character,  the  exhibits  were  better  than  usual,  and 
the  efforts  of  the  entertainment  committee  were  highly  ap- 
preciated. 

Hon.  C.  A.  Bookwalter  welcomed  the  visitors  and  in  the 
course  of  his  address  referred  to  central-station  heating  as 
the  solution  of  the  smoke  problem.  In  the  response  Secretary 
Gaskill  pointed  out  that  Indianapolis  had  the  largest  central- 
heating   system    in    the   world. 

In  his  address  President  De  Wolf  spoke  of  the  work  of  the 
association  and  outlined  a  number  of  topics  that  it  would  be 
vrell  to  investigate.  Losses  in  transmission  lines  need  to  be 
studied  more  carefully,  economical  methods  of  operation  by 
the  consumer  should  be  devised  and  their  importance  brought 
to  his  attention,  more  uniformity  in  specifications  was  re- 
quired, and  it  %vas  the  president's  opinion  that  a  cheaper 
method  of  carrying  heavy  peak  loads  was  entirely  practical. 
He  emphasized  the  importance  of  central  stations  being  pre- 
pared to  give  heating  service,  so  that  they  might  fully  take 
the  place  of  the  private  plant.  Reference  was  made  to  the 
^s'ork  of  the  various  committees  and  in  some  instances  their 
continuance    recommended. 

The  secretary's  report  showed  a  net  gain  of  four  in  the 
n-iembership,  making  a  total  of  229.  The  destruction  of  the 
1912  proceedings  during  the  recent  flood,  entailing  a  loss  of 
•$4U0.  was  brought  before  the  convention,  and  before  the  close 
of  the  meeting  the  full  amount  was  subscribed.  Routine 
business  and  the  report  of  the  committee  on  meters  occupied 
the  balance  of  the  morning  session.  S.  Morgan  Bushnell. 
chairman,  read  the  report  which  was  more  or  less  supple- 
mental to  the  report  of  the  1912  committee.  A  number  of 
meters  of  different  type  than  those  in  last  year's  report  were 
described,  defects  in  present  meter  construction  were  pointed 
out,  rules  for  the  care  and  maintenance  of  some  of  the 
different  types  of  meter  were  prepared,  and  an  outline  of 
meter  department  routine  in  a  heating  company  was  given. 
Another  subject  taken  up  by  the  committee  was  that  of  me- 
ter vs.  flat  rates  for  steam  service.  It  was  this  part  of  the 
report    which    was    subjected    to   a    lengthy    discussion. 

E.  Darrow,  general  manager  of  the  Merchants  Heat  & 
Light  Co.,  of  Indianapolis,  favored  flat  rates.  Meter  service 
tends  to  develop  a  peak  at  practically  the  same  time  as  the 
electric  service,  so  that  the  demand  on  the  station  is  intensi- 
fied. At  his  plant  both  the  electric  and  heating  peaks  came 
from  seven  to  eight  in  the  morning  and  four  to  six  in  the 
afternoon.  The  flat-rate  service  uses  the  equipment  throur-h- 
out  the  24  hr.  fairly  equally  and  tends  to  flll  up  the  valleys. 
On  the  system,  however,  automatic  regulation  maintains  the 
temperature  at  70  de.g.,  and  with  this  control  from  the  power 
house,  the  steam  consumption  need  be  no  more  and  may  be 
less    than   would   be   required   by  a   metered   service. 

A  number  of  interesting  discussions  followed  and  all  fav- 
oi  ed  meter  service.  In  one  case  cited,  a  change  from  flat  rate 
to  meters  had  increased  the  revenue  50  per  cent,  and  cut  the 
coal  bill  in  half.  In  another  case  the  saving  in  steam  con- 
sumption was  estimated  at  15  to  20  per  cent.  With  no  sta- 
tion control  of  temperature,  meters  will  without  doubt  effect 
a  considerable  saving  and  especially  after  the  customers  have 
learned  how  to  regulate  their  services.  With  the  system. 
:  utomatically  controlled,  a  reduction  of  pressure  and  tem- 
perature rather  than  cutting  off  the  steam  Is  the  proper  so- 
lution of  the  problem.  A.  C.  Rogers,  of  the  Toledo  Railways 
&  Light  Co.,  had  found  this  method  more  economical  and 
in   subsequent  discussion  was  confirmed  by  Mr.   Darrow. 

The  educational  committee,  E.  F.  Capron,  of  Chicago,  sec- 
retrry,  presented  a  code  pertaining  to  important  points  in  the 
Installation  of  heating  and  ventilating  plants,  suggesting  that 
the  association  cooperate  with  the  American  Institute  of 
Architects.  American  Society  of  Heating  and  Ventilating  En- 
gineers,  and    the    American    Society    of   Mechanical    Engineer.-i. 

"District  Hot-Water  Heating  for  Residences"  was  the 
title  of  the  first  paper,  which  was  read  by  A.  C.  Rogers.  The 
author  arranged  the  paper  under  five  general  heads  Includ- 
ing Circulation,  Radiation,  Placing  of  Radiation.  Water  Tem- 
peratures and  Atmospheric  Conditions.  Under  the  first  head- 
ing sizes  of  piping,  covering,  valves,  air  pockets  and  air  vents 
were  touched  upon.  For  determining  the  proper  amount  of 
ladlallon  there  were  numerous  formulas  which  gave  as  many 
different  results.  The  author  took  a  five-room  plan  and  us- 
ing thirteen  formulas  given  In  the  paper,  tabulated  the  re- 
sults. A  variation  from  the  average  as  high  as  40  per  cent, 
was  obtained.  The  water  temperature  depends  a  great  deal 
on    the    amount    of    radiation     installed.      A    table    giving    the 
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schedules  of  four  different  companies  showed  considerable 
variation  for  the  san;e  outdoor  temperatures.  The  fifth  di- 
vision of  the  paper  was  devoted  to  humidity  and  wind. 

N.  M.  Argabrite  read  a  paper  on  the  "Possibilities  of  Hot- 
Water  Heat."  In  his  opinion  the  greatest  possibilities  lie  in 
improving  and  bringing  up  to  date  present  systems  by  re- 
moving some  of  the  wasteful  auxiliaries,  getting  rid  of  open 
heaters  and  instalhng  neater  condensers  so  that  the  power 
end  will  have  the  advantage  of  the  vacuum,  installing  ther- 
mostatic control  for  the  consumers,  improving  the  pipe  in- 
sulation and  reducing  the  steam  consumption  of  the  pumps 
by  driving  them  electrically,  the  rate  being  approximately 
that  of  the  main  unit.  In  his  plant  the  author  ran  one  unit 
on  the  heating  system,  getting  whatever  vacuum  the  tem- 
perature of  the  water  would  permit.  The  balance  of  the 
electric  load  was  run  full  condensing.  Regulation  of  the  wa- 
ter temperature  was  effected  by  shifting  the  electrical  load, 
that  is,  in  moderate  weather  the  load  on  the  unit  carrying  the 
heating  is  reduced,  so  that  with  less  steam  the  temperature 
of  the  water  can  be  maintained  at  a  lower  point.  The  author 
did  not  favor  increasing  the  circulation  and  pi-eferred  the 
method  just  outlined  to  that  in  which  the  electric  load  is 
maintained  and  the  vacuum  adju&ted  to  obtain  the  proper 
+cmperature  for  the  water.  Rates  were  given  brief  mention 
and  the  author  made  a  strong  point  on  increasing  the  elec- 
tric load  even  at  a  reduction  in  rate  so  that  there  would  be 
plenty  of  steam   for  the  heating. 

At  the  end  of  the  afternoon  session  the  nominating  com- 
mittee reported.  The  following  officers  w-ere  unanimously 
elected:  President,  S.  Morgan  Bushnell:  first  vice-president, 
E.  Darrow;  second  vice-president,  H.  R.  "V^'etherell;  third 
vice-president,  D.  S.  Boyden:  secretary-treasurer.  D.  L.  Gas- 
kill:  executive  committee,  C.  F.  Oehlman,  "V^'.  A.  WoUs  and 
R.   D.   DeWolf. 

On  Wednesday  morning,  A.  B.  Biggs  read  the  report  of 
the  committee  on  station  recrds,  tailing  .vhy  records  were 
necessary  and  giving  the  folio  .v-ing  summary  of  those  most 
useful. 

1.  Monthly  and  yearly  cost  report  en  all  branches  of 
operation:  Thousands  of  pounds  of  stc-am  sold.  Tons  coal 
consumed,  price  per  ton  and  total  fuel  cost.  Labor  cost. 
Total  operation  cost.  Operating  c-  st  per  thousand  pjunds  of 
steam  sold.  Total  maintenance  co.sc  Maintenance  per  thou- 
sand   pounds    of   steam    sold. 

2.  Monthly  report  showing:  An-i  unt  of  steam  used. 
Amount  of  radiation  added  anJ  cut  out.  Number  of  feet  of 
mains  and  service  laid.     Number  jf  meters  set  and   removed. 

3.  Meters:   Complete   record   of   all   tests   and    repairs. 

4.  Cubical  contents:  Exposed  wall  and  glass,  amount  of 
radiation  installed  and  amount  required  for  all  buildings 
connected   to  mains. 

5.  Mains  and  services  installed:  Size,  length,  square  feet 
of  heating  service  and  exact  location  of  pipes  and  fittings. 

In  the  discussion,  Mr.  Boyden  pointed  out  that  it  was 
specially  important  to  keep  a  record  of  the  exhaust  steam 
and  also  of  the  live  steam  used  in  the  system.  Then  by  sub- 
tracting the  meter  readings  the  unaccounted  for  steam  would 
be  determined  and  it  would  be  an  easy  matter  to  accurately 
compare    the    operation    of    different    plants. 

N.  M.  Argabrite  thought  analysis  of  operation  a  most  im- 
:jcrtant  factor.  In  the  plants  belonging  to  his  company  close 
records  of  coal  and  water  and  data  on  draft  and  load  were 
kept,  so  that  it  was  possible  to  know  exactly  at  any  hour  of 
day  what  each  department  was  doing.  In  addition  a  bulletin 
containing  the  records  was  sent  out  every  two  weeks  so  that 
the   different  plants   c   uld   compare   results. 

"Recent  Improvements  in  Boiler-Plant  Design  and  Opera- 
tion." by  Norman  C.  Reinicker  was  the  next  topic.  Of  the 
many  radical  changes  made  in  boiler-room  practice  during  the 
last  few  years,  the  greatest  has  been  the  installation  of  large 
boiler  units  such  as  those  now  in  commission  at  the  Delray 
plant  of  che  Detroit  Edison  Co.  Seven  "special"  type  W  2365- 
hp.  Stirling  boilers  are  now  operating  and  two  more  are  in 
process  of  erection.  These  large  boilers  are  just  as  reliable 
as  smaller  units,  more  efficient  and  it  is  possible  to  operate 
one  side  with  a  reducti'n  in  capacity  of  only  40  per  cent.  In 
practice  these  boilers  have  been  operated  efficiently  over  a 
range  of  from   50  to   225   per  cent,   of  rating- 

Another  change  in  boiler-plant  practice  in  the  last  few 
years  has  been  the  perfection  and  general  acceptance  of  the 
underfeed  type  of  stoker  for  high-grade  bituminous  coals. 
More  attention  Is  being  paid  to  coal  analysis,  boiler-room  in- 
struments are  being  improved,  electric  motors  in  the  boiler 
room  are  replacing  steam-driven  auxiliaries,  the  centrifugal 
boiler-feed  pump  is  replacing  the  old  duplex  type  and  feed- 
water  regulators  are  being  perfected  to  give  continuous  feed. 
Resjults  of  changes  of  baffles  in  Stirling  boilers  made  at  the 
Delray  plant  during  the  last  year  were  discussed.  With  the 
Improved  baffling  slightly  greater  efficiency  was  obtained  and 


considerable  decrease  in  repairs  to  brick  walls.  A  short  dis- 
cussion   on    bleeder   turbines    followed. 

S.  M.  Bushnell,  the  newly  elected  president,  then  addressed 
the  convention  briefly.  He  spoke  of  the  better  work  that  can 
be  done  by  small  organizations.  For  this  very  reason  the 
larger  associations  divide  up  into  sections.  He  had  heard  no 
talk  of  the  present  organization  combining  with  some  larger 
society,  and  it  was  his  hope  that  they  would  continue  in  the 
same  way  carrying  on  the  good  work  that  they  had  done  In 
the  past.  Discussion  on  changes  in  the  constitution,  reclassi- 
fication of  some  of  the  members,  raising  the  dues,  and  raising 
the  funds  to  cover  the  loss  by  Hood  took  up  the  balance  of 
the    morning   session. 

On  Wednesday  afternoon,  H.  W.  Prentis,  Jr.,  of  the  Arm- 
strong Cork  Co.,  gave  a  very  interesting  talk  on  the  insula- 
tion of  underground  pipe  lines,  which  was  illustrated  by  a 
series   of  lantern   slides. 

G.  E.  Quinan  spoke  at  length  on  the  power  plants  and 
heating  business  of  the  Puget  Sound  Light  &  Power  Co.,  of 
Seattle,  Wash.  The  company  has  a  total  of  500,000  sq.ft.  of 
radiation  which  is  supplied  with  live  steam  reduced  to  a 
pressure  of  5  to  10  lb.  at  the  plant,  as  most  of  the  electrical 
load  is  generated  by  water  power.  The  report  was  full  of 
Interesting  facts  and   was  highly   appreciated. 

Secretary  Gaskill.  in  his  paper  on  "Commission  Control 
of  Public  Utilities,"  spoke  highly  of  the  state  commission,  the 
requirements  for  proper  control,  and  the  better  feeling  be- 
t%veen  the  utility  and  the  public  after  a  competent  commis- 
sion has  had  a  few  years'  experience  and  has  been  given  am- 
ple  funds   and   power. 

"Appraisal  or  Heating  Properties,"  by  Harold  Almert,  fol- 
lowed and  both  papers  were  discussed  on  Thursday  morning. 
Mr.  Almert  spoke  mostly  on  legislation  calling  for  inquiry 
into,  or  the  restriction  of,  profits  earned  by  public-service 
cc;-porations.  He  dwelt  upon  the  ignorance  of  many  legis- 
lators on  the  operation  of  public  utilities  and  the  limitations 
of  the  commissions  appointed.  He  urged  every  company  to 
carefully  analyze  its  own  situation  and  if  time  or  talent  were 
not  at  hand,  engineering  firms  of  recognized  standing  could 
be  retained  to  make  a  careful  and  comprehensive  appraisal. 
Real  indisputable  facts  as  a  fortification  against  the  coun- 
cil or  commission  are  wanted  and  it  pays  to  select  com- 
petent experts  to  get  them.  During  the  discussion,  Mr.  Al- 
mert thoroughly  explained  "going  value,"  and  some  time  was 
given  to  the  attitude  of  the  commissions  toward  electric  and 
heating    companies. 

"Is  District  Heating  Profitable  to  the  Central  Station?" 
This  was  the  question  allotted  to  C.  J.  Davidson,  and  in  his 
paper  he  analyzed  in  part  the  divergency  of  opinion  between 
the  public  and  the  central-station  men.  The  public  think  that 
the  gross  receipts  are  on  the  credit  side  of  the  ledger,  as  the 
exhaust  steam  used  is  a  byproduct  which  otherwise  "would 
be  wasted.  General  opiniot^  among  central-station  men  is 
to  the  effect  that  there  is  no  money  in  the  heating  business. 
A  number  of  cases  were  cited  to  support  the  latter  vie"w.  The 
conditions  under  which  a  power  plant  can  advantageously 
supply  heating  service  were  discussed  from  the  power-plant 
end.   the  street   mains,   and   from   the  standpoint   of  rates. 

A  short  discussion  followed  on  the  corrosion  of  cast  iron, 
wrought  iron  and  steel  pipes.  D.  K.  Mason,  of  the  National 
Tube  Co..  cited  an  investigation  by  Dr.  W.  H.  Walker,  of  the 
Massachusetts  Institute  of  Technology  to  show  that  there  is 
very   little   difference   in    the   corrosion    of   iron    or   steel    pipes. 

In  his  paper  on  "Operating  Economies  in  Heating  Large 
Factory  Buildings."  Edward  L.  Wilder,  of  the  Rochester  Rail- 
way &  Light  Co..  gave  results  from  educating  two  large  cus- 
tomers. One  case  was  a  four-story  factory  building  built  of 
brick.  It  had  a  total  floor  area  of  60.000  sq.ft.  and  was  heated 
entirely  by  direct  radiation.  By  seeing  that  all  windows  were 
shut  at  the  close  of  the  working  day.  that  the  steam  was 
entirely  shut  off  and  turned  on  again  in  the  morning  in  time 
to  have  the  factory  comfortably  warm  by  seven  o'clock,  the 
saving  averaged  37  per  cent.  In  another  case  a  group  of 
brick  factory  buildings,  covering  75,000  sq.ft.  of  ground  area 
and  varying  in  height  from  5  to  7  stories,  were  heated  mainly 
by  the  fan  system.  An  investigation  followed  by  a  specific 
set  of  operating  instructions  resulted  in  an  average  decrease 
in   steam   consumption   of  32  per   cent. 

The  discussion  following  the  paper  turned  to  intermittent 
vs.  continuous  heating.  Mr.  Boyden  thought  continuous  heat- 
ing more  eaonomical  when  the  temperature  was  below  30 
deg.  F..  and  it  resulted  in  better  service.  Others  discussing 
the  subject  favored  continuous  heating  at  all  times  "when  the 
interval  was  not  greater  than  24  to  48  hr.  Mr.  Wilder  strong- 
ly advocated  intermittent  heating.  In  many  buildings,  with 
steam  left  on.  the  temperature  often  ran  up  as  high  as  SO 
deg.  during  the  night  hours,  so  that  the  building  loss  was 
excessive.  It  was  the  opinion  of  President  De  Wolf  that  the 
method  of  operation  would  vary  with  difterent  installations 
and  that  a  choice  must  be  made  in  each  individual   case. 
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Just  before  the  convention  adjourned,  it  was  decided  to 
appoint  committees  on  underground  construction  and  puli- 
licity.  TJie  afternoon  was  spent  in  visiting  the  plant  of  the 
Merchants  Heat  &  Light  Co.,  and  other  points  of  interest  in 
the  heating  line. 

In  the  entertainment  Western  hospitality  was  apparent. 
There  were  automobile  trips  to  the  Country  Club  and  theater 
parties  for  the  ladies,  on  Tuesday  night  a  "get-to-gether" 
dance,  buffet  lunch  and  cabaret  for  all  and  on  Wednesday 
evening    a    theater    party. 

Exhibits  of  underground  conduit  and  heating  specialties 
were  made  by  the  American  District  Steam  Co.,  the  V.  D.  An- 
derson Co.,  Armstrong  Cork  Co.,  Central  Station  Steam  Co., 
Detroit  Lubricator  Co..  General  Electric  Co.,  the  Hardy  Paint 
&  Varnish  Co.,  Jenkins  Bros.,  H.  W.  Johns-Manville  Co.,  the 
Jlichigan  Pipe  Co..  the  Ric-w^il  L^nderground  Pipe  Covering 
Co.,  the  W.  H.  Schott  Co.,  the  Hohmann  &  Maurer  division 
of  the  Taylor   Instrument   Co..   and    .\.    Wyckoff   &  Son   Co. 


Iowa  N.  A.  S.  E.  Convention 

The  ninth  annual  convention  of  the  Iowa  State  Association 
of  the  National  Association  of  Stationary  Engineers  was  held 
in  Burlington,  on  May  21,  22  and  23,  with  the  Hotel  Burling- 
ton as  headquarters. 

The  mechanical  exposition  of  the  Central  States  Exhibitors' 
Association,  held  in  the  banquet  hall  of  the  hotel,  was  for- 
mallj'  opened  on  Wednesday  at  10:30  a.m.  At  1:30  p.m..  State 
President  A.  E.  Powell  called  the  convention  to  order  and 
Mayor  P.  C.  Norton  delivered  the  address  of  welcome.  After 
National  Secretary  Fred  Raven's  response  a  visit  was  made 
to  the  shops  of  the  Murray  Iron  Works  Co.,  builder  of  Corliss 
engines    and    steam    boilers. 

At  the  evening  exercises  E.  B.  Egan,  secretary  of  the  Bur- 
lington Commercial  Exchange,  welcomed  the  delegates  and 
visitors  on  behalf  of  that  body  and  National  President  Mc- 
Grath  gave  a  brief  address  on  "The  Aims  and  Objects  of  the 
N.  A.  S.  E."  An  informal  smoker  given  by  the  exhibitors'  as- 
sociation    followed. 

After  the  business  session  of  Thursday  morning,  Adolph 
Shane,  dean  of  the  department  of  engineering  at  Highland 
Park  College,  Des  Moines,  lectured  on  "The  Testing  of  Power 
Plants."  After  the  afternoon  business  session  C.  A.  Orr,  chief 
engineer  of  the  Morrell  Packing  Co.,  Ottumwa,  lectured  on 
"The  Burning  of  Iowa  Coal."  Following  this  the  delegates 
and  friends  went  to  the  Burlington  Base  Ball  Park  as  guests 
of  the  Riley  Pennsylvania  Oil  Co.,  Burlington,  and  witnessed 
a  game  between  the  Burlington  and  Cedar  Rapids  teams  of 
the  Central  Associatio.T.  In  the  evening,  a  public  reception 
"was    held    by    the    exhibiiirs   in    the    exposition    hall. 

Friday  was  taken  up  by  an  excursi'in  down  the  Mississippi 
River  to  Keokuk  on  the  "St.  Paul."  the  delegates,  visiting  en- 
gineers, supply  men  and  theii  families  being  the  guests  of 
the  Muriay  Iron  Works  Co.  Ti."  boat  left  Burlington  at  !i 
a.m.,  and  returned  at  S:30  p.m.  At  Keokuk  the  mammoth 
dam  and  hydro-electric  plant  of  the  Mississippi  River  Power 
Co.  was  inspected.  The  final  business  session  was  held  on  the 
return  trip,  at  which  the  following  were  elected  to  office  for 
the  present  year:  John  Devine,  Des  Moines,  president;  Abner 
Davis,    Cedar    Rapids,    reelected    secretary. 

Throughout  the  convention  ample  entertainment  was  pro- 
vided for  the  lady  guests  by  a  competent  committee,  including 
launch  rides  on  the  river,  auto  and  trolley  rides  In  and  about 
the  city  and  visits  to  Crapo  Park,  a  natural  beauty  spot  over- 
looking the    Mississippi. 

The  next  convention   will  be  held   .it   Des  Moines. 


Missouri  N.  A.  S.  E.  Convention 

The  high  standard  established  by  the  two  conventions  of 
the  Missouri  State  Association  of  Stationary  Engineers  was 
fully  sustained  by  the  third  annual  convention  which  met  at 
Springfield  on  May  14,  for  a  three-day  term.  The  number  of 
delegates  and   guests  was  large  and  enthusiasm   ran   high. 

At  the  preliminary  exercises  on  Wednesday  afternoon,  the 
Rev.  G.  L.  Peters  made  the  invocation,  after  which  O.  M. 
Evans,  chairman  of  the  local  committee.  Introduced  Mayor 
George  W.  Culler,  of  Springfield,  who  welcomed  the  conven- 
tion to  the  city.  National  Secretary  Fred  W.  Raven  responded 
on  behalf  of  the  association  In  the  absence  of  President  Mc- 
Grath.  State  President  F.  H.  Munsberg  then  delivered  a  brief 
address. 

At  this  session,  W.  A.  Vincent,  chief  Inspector  for  the 
Missouri  Fidelity  &  Casualty  Co..  gave  a  paper  on  "Steam 
Boiler  Explosions,"  and  Fred  Key.  another  chief  Inspector  for 
the  same   company,   presented   one  on   "Indicator  Practice." 


In  the  evening,  Charles  Cullen,  secretary  of  the  Central 
States  Exhibitors  Association,  formally  opened  the  exhibit  in 
a  hall  at  the  Metropcliian  Ho  el  by  welcoming  the  delegates 
and  visitors  on  behalf  of  his  associates.  Following  an  in- 
spection of  the  exhibits  an  info.ma!  reception  and  entertain- 
ment were  given   by  the   exhibito -s'   association. 

The  convention  proper  was  opened  on  Thursday  morning 
by  State  President  Munsberg,  aft.n-  an  address  by  National 
Secretary  Raven.  In  the  afternoor  another  business  session 
was  held  and  at  its  conclusion  a  v'sit  was  paid  to  the  new 
railway  shops  of  the  Frisco  System,  the  ladies  enjoying,  in 
the  meantime,  an  automobile  ride  about  town  as  the  guests 
of  the   Springfield   Automobile   Club. 

In  the  evening  Edward  H.  Lane,  chief  engineer  of  the 
Commerce  Building,  Kansas  City,  gave  an  instructive  lectur>i 
on  "Steam  Boilers,"  and  H.  W.  Hibbard.  profesour  ot  mechan- 
ical engineering  at  the  University  of  Missouri,  Columbia,  Mo., 
lectured    on    "Scientific    Management    in    the   Power    Plant." 

On  Friday  morning  public  exercises  were  held  at  which 
addresses  were  made  by  Secretary  Charles  Cullen.  of  the  ex- 
hibitors association;  Charles  Parkinson,  Missouri  State  dep- 
uty, and  J.  J.  White,  past  state  president.  The  annual  elec- 
tion resulted  in  the  selection  of  the  following  ofllcers  for  the 
ensuing  year:  D.  M.  Trimble.  Kansas  City,  president;  J.  H. 
Chesnutt,  Springfield,  vice-president;  A.  P.  Maeder,  Joplin, 
reelected,    treasurer;    E.    H.    Lane,    Kansas    City,    secretary. 

In  the  afternoon  a  trolley  ride  was  taken  to  Doling  Park 
where  a  base-ball  game  was  played  by  teams  representing 
the  engineers  and  the  exhibitors,  the  former  winning  easily. 
In  the  evening  a  grand  ball  and  public  installation  of  oflflcers 
was   held  at  the   Springfield   Club. 

Next  year  the   convention   will  take  place  at  St.   Joseph. 


Periodical  Boiler  Inspection  in  England 

Tlie  following  is;  taken  from  the  annual  report  of  the 
Manchester  (England)   Steam  Users'  Association: 

It  may  be  of  interest  to  mention  that  the  system  of 
periodical  boiler  inspection  inaugurated  by  the  association  in 
1S54  has  been  generally  adopted  in  this  country,  and  that 
now,  aided  by  the  Factory  and  Workshop  Act,  there  are  very 
few  boilers  remaining  uninspected.  In  other  countries,  too, 
the  system  has  been  followed,  so  that  the  association  may 
fairly  be  described  as  the  parent  of  universal  boiler  inspec- 
tion. In  America,  however,  where  inspection  does  not  appear 
to  have  taken  such  deep  root,  the  number  of  boiler  accidents 
is  still  very  great,  in  illustration  of  which  it  may  be  men- 
tioned that,  according  to  recently  published  statistics,  there 
occurred  in  that  country  during  the  month  of  October  last  as 
many  as  54  explosions,  killing  20  persons  and  injuring  39 
others. 

Outside  Its  ranks  the  association  has  noted  throughout  the 
United  Kingdom  during  the  year  the  occurrence  of  68  ex- 
plosions, killing  34  persons  and  injuring  49  others.  Of  these, 
17,  killing  9  persons  and  injuring  13  others,  may  be  termed 
"boiler  explosions  proper."  while  the  remaining  51.  killing 
25  persons  and  injuring  36  others,  may  be  termed  "Miscel- 
laneous" explosions,  i.e..  those  arising  from  steam  pipes,  stop 
valves,  kiers,  drying  cylinders,  bakers'  ovens,  economizers, 
etc.  In  addition  to  the  above,  one  explosion  aros  from  the 
bursting  of  a   kitchen   boiler,  no   personal    injury    resulting. 


Air-Tank  E.xplosion 

On  May  24.  a  huge  tank  of  compressed  air  exploded  at  the 
plant  of  the  Parrish  &  Bingham  Co.'s  foundry.  Cleveland. 
Ohio.  The  engineer  was  thrown  15  ft.  and  severely  injured. 
The  building  interior  was  partly  wrecked  and  the  windows 
broken. 

Most  of  the  foundry  machinery  Is  operated  by  compressed 
air.  According  to  the  dally  press  reports,  the  engineer  had 
started  the  pumps  to  refill  the  tank  and  the  pressure  got  too 
high    before   he    noticed    it. 


Annual  Exhibit  of  Day  Work  at 
Pratt  Institute 

The  annual  exhibit  of  the  work  of  day  students  of  Pratt 
Institute  will  bo  held  as  follows:  Thursday,  June  12.  2  p.m. 
to  5  p.m.;  Friday,  June  13,  10  a.m.  to  5  p.m.;  Saturday,  June 
14,    10    a.m.    to   5   p.m. 

This  exhibit  is  open  to  the  public  and  afTords  those  In- 
terested In   Industrial   and  technical  education   im   "iiporlunlty 
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not  only  of  viewing  the  work  of  the  studoats  in  the  various 
courses,  but  also  of  inspecting  the  methods  as  well  as  tho 
tquipment  of  the  school  and  its  general  facilities  for  con- 
ducting   this    kind    of    training. 

The  institute  offers  day  and  evening  courses  for  both 
men  and  women  in  a  v.ide  variety  of  vocational  subjects, 
including  fine  and  applied  arts,  architectural  design  and  con- 
struction and  technical  and  trade  courses  for  men  along  sev- 
eral  important    lines. 

The  worii  of  the  School  of  Science  and  Technology  should 
prove  of  especial  interest  to  men  engaged  in  technical  and 
trade  pursuits.  This  school  provides  instruction  in  applied 
mechanics,  appliid  electricity,  applied  chemistry  and  tanning, 
machine  work  and  tool  making;  plumbing,  carpentry  and 
building   ani    pattern    making. 

New  University  of  Illinois  Buildings 

The  recently  completed  transportation  building,  locomo- 
tive laboratory  and  mining  laboratory  at  the  University  of 
Illinois.  Urbana-Champaign.  111.,  were  dedicated  on  May  9. 
Simultaneously,  a  railway  and  a  mining  conference  were  con- 
ducted  at   the   university. 

The  preliminary  dedication  ceremonies  were  held  in  the 
auditorium  on  Thursday  evening.  May  S,  Dr.  E.  J.  .Tames, 
president  of  the  university,  presiding.  Samuel  Insull.  presi- 
dent of  the  Commonwealth  Edison  Co..  Chicago,  spoke  of  the 
rapid  progress  made  in  the  development  of  the  science  ;.nd 
business  of  generating  and  distributing  electricity  for  light 
and   power. 

J.  G.  Pangborn,  special  representative  of  the  Baltimore  & 
Ohio  Railroad,  traced  the  history  of  railroad  development 
from  its  very  beginning  and  dwelt  particularly  upon  the 
vicissitudes  of  t:.e  inventors  of  the  early  locomotives. 

Capt.  Robert  W.  Hunt,  president  of  R.  W.  Hunt  &  Co.. 
Chicago,  spoke  of  the  importance  of  conserving  the  coal  re- 
sources. 

The  railway  and  the  mining  conferences  convened  on 
Friday  morning  at  9  a.m.,  and  subsequently  sessions  were 
held  Friday  evening  and  Saturday  morning.  Many  import- 
ant and  interesting   subjects  were  discussed. 

The  dedicatory  ceremonies  were  conducted  in  the  Audi- 
torium on  Friday  afternoon.  Dean  W.  F.  M.  Goss.  of  the 
college  of  engineering,  presiding.  After  Rev.  Charles  Ryan 
Adams,  of  the  First  Presbyterian  Church  of  Champaign,  pro- 
nounced the  invocation.  Dr.  Edmund  J.  James,  president  of 
the  university,  delivered  the  address  of  dedication.  The  Hon. 
W.  L.  Abbott,  president  of  the  board  of  trustees,  responded 
on  behalf  of  Governor  Dunne,  who  was  unavoidably  de- 
tained at   Suringfield. 

Prior  to  these  ceremonies,  a  luncheon  was  served  to  the 
guests  in  the  armory  at  12:30,  after  which  two  hours  were 
spent  in  inspecting  the  various  university  buildings  and 
equipment.  After  the  exercises,  the  assemblage,  headed  by 
the  university  band,  marched  to  the  main  entrance  of  the 
transportation  building  where  the  Rev.  Mr.  Adams  made  a 
brief    prayer    of   dedication. 

The  transportation  building,  the  principal  structure  of  the 
group,  is  a  three-story  building  143  ft.  long  and  65  ft.  wide. 
It  is  designed  primarily  to  be  occupied  by  the  department 
of  railway  engineering,  but  the  upper  floors  are  temporarily 
assigned  to  the  department  of  mining  engineering  and  the 
department  of  general  engineering  drawing.  Accessory  to 
this  building  is  the  locomotive  laboratory,  the  mining  labora- 
tory and  ceramics  laboratory.  The  plan  for  the  group  of 
buildings  of  which  these  constitute  a  part  provides  for  a 
railway  electrical  laboratory  and  a    railway  museum. 

The  locomotive  laboratory  is  a  brick  and  steel  structure 
117  ft.  long  and  43  ft.  wide,  and  is  served  by  a  track  con- 
nection with  the  Illinois  Traction  System.  The  laboratory 
is  to  provide  means  for  testing  locomotives  under  conditions 
similar  to  those  prevailing  in  service.  The  mounting  me- 
chanism for  receiving  the  locomotives  to  be  tested  is  of  orig- 
inal design  and  will  accommodate  the  largest  locomotive, 
not  excepting  those  of  the  Mallet  type.  A  locomotive  mou:~t- 
ed  upon  the  testing  plant  may  be  fired  and  operated  in  the 
same    way    as    upon    the    road. 

Hydraulic  friction  brakes  of  enormous  capacities  mounted 
upon  the  axles  of  the  supporting  wheels  serve  to  supply  a 
load  for  the  locomotive.  The  drawbar  of  a  locomotive  on  the 
plant  is  coupled  to  a  traction  dynamometer,  a  device  for 
measuring  the  pull  exerted  by  the  locomotive.  The  capacity 
of  the  dynamometer  is  such  as  to  permit  the  measurement  of 
a  force  as  great  as  125.000  lb.  and  yet  it  is  so  delicate  as  to 
permit  great  accuracy  when  the  forces  to  be  measured  are 
small. 

The  main  mining  laboratory  occupies  a  building  42  ft. 
wide  and  100  ft.  long,  situated  just  east  of  the  transportation 


building.  It  has  four  parts:  1.  A  chemical  laboratory 
equipped  with  appliances  for  the  analysis,  assay  and  testing 
of  coal  and  ore;  2.  A  drill  and  explosive  laboratory  con- 
taining regular  machines  and  sectional  models  of  the  princi- 
pal types  of  rock  drills  and  coal  cutters  and  appliances  for 
testing  blasting  powders  and  for  instructing  students  in  the 
use  of  explosives;  3.  A  mine  rescue  station  where  the  princi- 
pal types  of  rescue  apparatus  are  on  exhibition  and  students 
are  given  instruction  in  flrst-aid  and  mine  rescue  work.  4. 
A  coal-washing  and  ore-dressing  laboratory.  These  labora- 
tories are  well  equipped  both  for  the  instruction  of  students 
and  for  the  testing  of  coals,  ores  and  machinery.  Tests  of 
Illinois  coals  have  already  been  run  and  a  stock  of  gold 
ore  from  the  Black  Hills,  lead  and  zinc  ores,  and  fluorspar 
from   southern  Illinois  are   ready  for   future   treatment. 


P  E  R  vS  O  N  A  L  vS 


E.  T.  Scholer  has  been  appointed  manager  of  the  electric- 
light  station  at  Nezperce.  recently  acquired  by  the  Grange- 
ville   (Idaho)   Electric  Light  &  Power  Co..  Ltd. 

H.  A.  Mentz  will  be  the  engineer  in  charge  of  the  Solo- 
mon-Norcross  Co.'s  branch  office  in  Memphis.  Tenn.  Mr. 
Mentz  is  a  member  of  the  .\merican  Institute  of  Electrical 
Engineers. 

J.  P.  Moore,  formerly  with  the  Westinghouse  Electric  & 
Manufacturing  Co.,  has  been  made  superintendent  of  power 
and  equipment  of  the  People's  Incandescent  Light  Co..  Mead- 
ville.   Penn. 

F.  J.  Derge  has  been  appointed  manager  of  light,  heat 
and  power  for  the  Toledo  (Ohio)  Rys.  &  Light  Co.  Mr. 
Derge  was,  until  his  removal  to  Toledo,  a  member  of  the  New 
York  staff  of  H.  L.  Doherty  &  Co. 

E.  H.  Clark  has  resigned  as  superintendent  of  power  and 
shops  of  the  Indianapolis.  New  Castle  &  Eastern  Traction  Co.. 
Xew  CastU.  Ind..  to  accept  a  similar  position  with  the  South- 
ern  Illinois  Ry.    &   Power   Co..   Harrisburg.   111. 


HORACE  G.   BURT 
Horace    Greeley    Burt,    ex-president    of    the    Union    Pacific 
R.R.    System    and    later    chief    engineer    of    the    Chicago    Asso- 
ciation    of  Commerce  Smoke  Abatement  Committee,  died  May 
19.     He  was   64   years   old. 

STEPHEN    D.    FIELD 

Stephen  Dudley  Field.  F.  Am.  Inst.  E.  E..  inventor  of  elec- 
trical devices,  died  at  his  home  in  Stockbridge.  Mass..  May  l!j. 
aged  68  years.  He  was  born  in  Stockbridge  and  was  a  neph- 
ew of  Cyrus  W.  Field,  famous  for  having  laid  the  fir.st  trans- 
atlantic   submarine    cable. 

Stephen  Dudley  Field  invented  a  multiple-call  telegraph 
box  in  1S74  and  an  electric  elevator  in  1S78;  he  was  pioneer 
experimenter  and  inventor  of  electric  railway  equipment,  and 
in  1879  he  made  the  first  application  of  dynamo  machines  to 
telegraphy.  The  following  year  he  invented  a  dynamo  quad- 
ruplex  telegraph,  in  1884  a  fast  stock  ticker,  and  in  1909  made 
the  first  application  of  quadruplex  telegraphy  to  submarine 
cables  on  the  line  between  Key  West.  Fla..  and  Havana.  Cuba. 
Mr.  Field  was  also  a  member  of  the  Institution  of  Electrical 
Engineers    of    Great    Britain. 


BUSINESS     ITEMS 


The  Joseph  Dixon  Crucible  Co..  Jersey  City.  N.  J.,  has 
issued  a  new  brush  booklet,  which  fully  describes  Dixon's 
graphite  brushes  for  dynamos  and  motors.  It  is  mailed  on 
request. 

An  attractive  folder  has  recentlv  been  published  by  the 
Griscom-Russell  Co..  90  West  St..  New  York,  describing  the 
Russell  steam  engines.  Goubert  feed-water  heaters.  Reilly 
multicoil  heaters.  Stratton  steam-receiver  separators  and 
many  other  Griscom-Russell  products.  A  copy  will  be  mailed 
to  anyone  on  receipt  of  request. 

E.  J.  Rooksby  &  Co..  435  North  llth  St..  Philadelphia,  have 
issued  a  booklet  descriptive  of  a  number  of  classes  of  engine 
repairs  made  by  them  and  of  their  engine  specialties  designed 
to  secure  the  highest  efficiencv  and  economy  in  the  production 
of  power.  Copies  will  be  mailed  free  to  anv  interested 
parties. 
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Getting  Out  of  the  Rut 


IN  most  power  plants  the  recurrence  of  routine  work 
tends  to  get  the  engineer  in  a  rut.  Unless  he  guards 
against  it,  he  is  likely  to  become  too  easy-going. 

Yes,  reader,  we  are  prepared  to  hear  that  your 
conditions  are  not  such.  In  addition  to  your  regular 
duties,  you  never  know  when  you  may  be  called  upon 
to  repair  a  trap  or  show  the  engines  to  visitors.  But, 
with  all  these  distractions,  isn't  it  true  that  a  good 
many  hours  each  month  vanish  without  much  to  show 
for  them,  other  than  a  well  kept  station  log  and  a  clean 
slate  so  far  as  breakdowns  or  stops  of  apparatus  are 
concerned? 

How  can  one  overcome  the  habit  of  letting  time  slip 
away  without  doing  any  more  than  the  least  neces- 
sary to  keep  the  plant  in  good  condition?  The  se- 
cret is  contained  in  five  words,  DON'T  LOAF  ON 
THE  JOB!  True,  most  of  us  have  to  make  a  big 
effort  to  work  harder  than  we  absolutely  have  to; 
but  the  fellow  ambitious  to  attain  unto  large  re- 
sponsibilities and  their  commensurate  rewards,  never 
gets  there  and  5/0^5  unless  willing  to  sacrifice  tem- 
porary comfort  to  future  welfare. 

Some  engineers  find  the  days  too  short  for  all  that 
needs  to  be  done.  But,  on  the  other  hand,  there  are 
countless  installations  where  the  productive  "load 
factor"  of  the  engineer  as  an  efficient  personality  is 
far  below  what  it  might  be  in  relation  to  his  mental 
and    ultimate    financial    advancement. 

To  "get  down  to  brass  tacks,"  here  are  some  of  the 
practical  ways  in  which  a  man  can  lift  himself  out  of 
the  rut  and  get  a  firmer  grip  on  the  rear  platform  rail 
of  the  Prosperity  Limited  as  she  slows  down  a  bit  in 
passing    his    station. 

First:  Make  a  closer  study  of  the  j^lant  itself.  Take 
a  few  photographs  of  the  interesting  features,  if  you 
are  a  camera  enthusiast,  and  frame  one  or  two  and 
show  them  to  the  "boss."  Keep  a  few  extra  unmount- 
ed prints  in  the  drawer  for  visiting  friends  and  the  rep- 
resentatives of  the  engineering  periodicals,  who  may 
happen  in  in  search  of  a  story.  If  a  scale  plan  of  the 
installation  is  not  on  hand  or  up  to  date,  make  one  on 
tracing  cloth  so  that  blue  prints  may  be  made  when 
needed.  Then  try  your  hand  at  an  elevation  or  sec- 
tion.    Get  some  loose-leaf  sheets  and   make  simple 


diagrams  of  all  piping  and  valve  relations,  and  do  not 
forget  to  make  a  quick  reference  list  of  every  piece  of 
machinery  in  the  plant,  giving  its  size  and  capacity, 
make,  floor  space,  and  other  particulars  likely  to  be 
desired  "off  the  bat"  by  the  general  manager.  Get 
permission,  if  possible,  to  go  through  the  office  files 
and  read  every  letter  bearing  upon  your  department, 
and  if  your  enthusiasm  is  still  good,  start  a  file  of  your 
own  which  shall  be  run  with  the  object  of  becoming 
the  best  source  of  complete  information  on  the  plant 
around  the  premises.  Last,  but  not  least,  overhaul 
your  desk  and  see  that  it  stays  in  order  and  that  the 
technical  journals  which  come  in  are  at  least  removed 
from  their  wrappers  and  put  in  chronological  order 
in  an  accessible  place. 

Second:  Appoint  yourself  a  committee  of  one  to 
study  plant  efficiency.  If  you  cannot  get  authority 
to  make  improvements  needed  do  not  forget  them, 
but  get  them  down  in  black  and  white  for  future  refer- 
ence. See  that  your  logs  compare  favorably  with 
those  of  similar  plants  elsewhere  and  "get  the  load- 
curve  habit."  To  improve  the  operating  economy  is 
your  most  important  duty  next  to  giving  continuous 
service.  Remember,  you  may  be  called  upon  some 
day  to  show  the  owner  why  he  should  continue  to  run 
an  isolated  plant  instead  of  buying  outside  service. 
If  he  should,  you  must  be  prepared  for  keen,  close 
questioning  which  must  come  in  such  cases. 

Third:  Read  at  least  one  technical  journal  regu- 
larly and  attend  local  engineering  societ}-  and  club 
meetings  which  bear  upon  your  special  practice.  If 
the  manager  sees  an  engineering  paper  on  your  desk 
he  is  not  likely  to  think  that  you  are  wasting  your 
idle  moments.  Visit  other  plants  in  your  territory; 
learn  to  write  grammatical,  straightforward  letters 
and  reports;  ask  the  public  library  to  buy  the  techni- 
cal books  you  think  you  ought  to  have  and  in  general 
open  up  the  doors  and  windows  of  your  personality  to 
'et  in  the  light  of  outside  practice  and  the  invigorating 
fresh  air  of  other  men's  views  and  interest. 

In  a  nutshell,  realize  that  you  live  in  an  age  of  op- 
portunity, and  reach  after  fullness  of  life  in  every  di- 
rection associated  with  your  calling. 

\H.S.  KnowUon,  Xewton,  Mass.] 
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Lazwell   Drainage-Pumping   Plant 


SYA'OPiil'^ — lliis  pumping  plant  in  used  io  <lrai;i  an 
area  of  approximately  fifty  thousand  acres  of  swamp  land. 
Three  Lentz  condensing  engines  are  directly  connected 
to  three  5^-in.  centrifugal  piimps.  Three  water-tube 
boilers  with  induced  draft  supphj  steam  at  150  Ih.  pres- 
sure, superheated  125  deg. 

While  vast  areas  of  swamp  and  overflowed  land  in  the 
United  States  have  been  reclaimed  there  remain  upward 
of  :  3,000,000  acres  to  be  drained  and  about  150,000,000 
acres  that  require  more  thorough  draining  to  make  them 
more  productive.  Over  lialf  of  the  as-yet-undrained  laud 
lies  iu  the  Mississippi  Valley,  where  pumping  is  neces- 
sary in  many  places  because  the  land  lies  below  the  river 
level. 


Fig.  1.     Gexekal   \  ii:\v  of  thI':   i'i  mi'im;    I'laxt 
AND  Suction  Bay 

The  principal  parts  of  the  problem  of  drainage  by 
pumping  arc:  First,  the  design  of  the  pumping  plant  to 
produce  reliability  of  operation,  economy  iu  operation  and 
low  maintenance:  .second,  the  maintenance  and  operation 
of  the  plant  in  a  manner  to  insure  reliability  and  the  best 
possible  plant  efficiency  under  the  various  conditions  of 
pumping  head. 

The  Lazwell  plant  of  the  Des  Moines  County  Drainage 
District  Xo.  1  is  a  good  illustration  of  a  modern  plant, 
laid  out  and  operated  to  satisfy  thesa  factors. 

The  plant  is  located  about  nine  miles  north  of  Burling- 
ton, Iowa,  on  the  west  bank  of  the  Mississippi  River  and 
drains  a  district  embracing  50,000  acres,  extending  from 
Burlington  to  Oakville.  The  general  view.  Fig.  1,  shows 
a  part  of  the  suction  bay  and  one  of  the  discharge  pipes 
extending  over  the  crest  of  the  levee.  As  induced  draft 
is  used,  the  chimney  extends  but  10  ft.  above  the  roof. 
The  one-story  building  is  32  ft.  high,  and  70x80  ft.  in 
area.  The  walls  are  of  common  brick  and  the  roof  is  of 
tar  and  gravel  over  flat  arch  tiles  supported  on  steelwork. 
A  12-in.  transverse  partition  wall  divides  the  building 
into  an  engine  room,  37  ft.,  and  a  boiler  room,  40  ft.  wide. 

There  are  three  54-in.,  double-suction,  centrifugal 
pumps,  directly  connected  to  three  350-hp.  Lentz  141^ 
and  24  bv  27-in.  tandem-compound  steam  engines,  with 
normal  speeds  of  130  r.p.m.  The  units  are  placed  diagon- 
ally, to  economize  space  in  the  building  itself  and  to 
brins  the  two  38-in.  suction  pipes  of  each  pump  close 
together  in  the  suction  bay.  The  engines  are  shown  in 
Fig.  3. 


One  pipe  is  l(i  It.  and  the  other  li  it.  long,  and  the 
intake  end  of  one  is  one  foot  higher  than  the  other.  The 
pipes  project  straight  down  into  the  suction  bay,  which 
extends  under  the  plant,  and  divides  into  three  concrete 
chambers,  one  for  each  pump.  The  entrance  to  each  cham- 
ber is  protected  by  sets  of  removable  iron  racks  to  pre- 
vent coarse  matter  from  getting  into  the  pumps.  The 
suction  pipes  are  bell  shape  at  the  lower  end,  flaring  to 
a  diameter  of  6  ft.  to  reduce  entrance  velocity  and  fric- 
tion loss. 

There  are  three  discharge  pipes  with  gradually  increas- 
ing sectional  area  which  are  1281^  ft.,  109  ft.  3  in.  and 
89  ft.  10  in.  long,  the  difference  in  length  being  due  to 
the  position  of  the  pumps.  These  pipes  extend  horizontally 
from  the  pumps  to  the  crest  of  the  levee  and  then  to  llu' 
concrete  discharge  bay  in  the  river  at  an  angle  to  the  ver- 
tical of  about  67  deg.  The  outlets  are  always  under  water 
and  the  pipes  remain  full  or  nearly  so  and  the  maximum 
lienefit  of  the  siphoning  effect  is  obtained  whether  the 
]nimps  are  running  full  capacity  or  not. 

From  the  crest  of  the  levee  to  the  discharge  end  the 
pipes  are  not  only  buried  in  the  earth,  but  are  encased 
in  concrete  so  that,  although  they  may  ultimately  cor- 
rode away,  it  will  never  ho  necessary  to  renew  them.  The 
diameter  of  the  pipes  gradually  increases  from  54  iu.  at 
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the  pumps  to  90  in.  at  the  outlets,  thus  reducing  the  fric- 
tion loss  to  the  lowest  value.  The  static  head  varies  from 
zero  to  14  ft.,  depending  on  the  stage  of  the  river,  the 
average  depth  of  which  is  6  ft. 

The  Lentz  type  of  engine  was  purchased  because  of 
its  simplicity  of  construction  and  the  high  operating  effi- 
ciency guarantee  made  by  the  manufacturer.  (A  descrip- 
tion of  the  engine  was  published  in  Power,  Dec.  31, 
1912.)  These  engines  are  equipped  with  speed-changing 
mechanism,  adjusted  by  turning  a  handwheel  at  the  end 
of  the  valve-cam  shaft,  while  the  engine  is  in  operation, 
if  desired.  This  feature  is  important  because,  with  the 
centrifugal  pumps,  .slight  variations  in  the  static  head  re- 
quire speed  adjustment  for  good  economy.  Steam  at  150 
lb.  gage  pressure  and  125  deg.  F.  superheat  is  used.  Super- 
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heaters  are  lueated  in  the  first  pass  of  the  boilers.     The 
pi])ing  is  of  extra-heavy  weight  with  screwed  flanges. 

There  are  three  vertical  water-tube  boilers,  each  of  210 
hp.  rated  capacity.  Dutch-oven  furnaces  and  shaking 
grates,  suitable  for  burning  114-in.  Illinois  bituminous 
screenings  purchased  on  the  B.t.u.  basis  are  used.  The 
screenings  are  delivered  to  the  plant  in  wagons  and  stored 


larger  boilers  when  cold,  as  well  as  arduous  work  to  fill 
the  boilers  by  hand. 

There  are  two  7i/^x5x6-in.,  duplex,  outside-end  packed,, 
plunger-type  feed  pumps.  Feed  water  is  drawn  from  the 
drainage  ditch  and  fed  without  treatment  to  an  open 
heater.  A  venturi  meter  in  the  discharge  line  of  the  feed 
pumps  records  the  quantity  of  feed  water  supplied. 


Fig.   :i.     Lkxtz   Exginks   Dkiving   Ck.vi'iufug.vl  Dk.vix.vgk  PuJirs 


on  a  concrete  platform  alongside  the  boiler  room,  and 
wheeled  in  for  use  after  weighing  in  barrowfuls.  Two 
of  tlie  boilers  are  shown  in  Fig.  2. 

Induced  draft  is  produced  by  a  squirrel-cage  fan,  54 
in.  in  diameter  and  30  in.  wide,  driven  by  a  5x7-in.  ver- 
tical engine.  Induced  draft  was  selected  because  of  the 
cost  of  building  a  foundation  for  a  chimney  to  furnish 
natural  draft,  the  subsoil  being  of  such  a  nature  as  to  re- 
quire piling.  A  .small  vertical  tubular  boiler  is  employed 
for  starting  up,  as  with  the  induced-draft  system  it  would 
be  a  difficult  matter  to  raise  steam  readily  in  one  of  the 


Each  engine  exhausts  to  an  8-in.  "Eductor"  condenser 
mounted  on  the  wall  between  the  engine  and  the  boiler 
room.  Injection  water,  also  drawn  from  the  draiiuige 
ditch,  is  supplied  by  individual  4-in.  centrifugal  pumps, 
driven  through  friction  pulleys  from  the  flywheel  of  the 
engines. 

A  small  high-speed,  engine-driven,  direct-current  dy- 
namo supplies  current  for  the  lights  about  the  plant.  The 
maximum  overall  coal  consumption,  wh(>n  operating  at 
full  rated  capacity  again.st  a  7-ft.  static  head,  was  guar- 
anteed not  to  exceed  128  lb.  of  dry  coal  per  million  gal- 
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loiis  of  water  pumped.  The  guarantee  is  based  on  the 
operation  of  all  three  pumps  and  two  of  the  boilers  so 
as  to  give  the  auxiliaries  their  normal  load.  The  coal  is 
also  specified  as  Fulton  or  Peoria  Count}-,  Illinois,  fifth- 
vein  bituminous  screened  lump,  the  proximate  analysis 
of  which  is  about  as  follows: 

Per  cent. 


Moisture . . 
Volatile . . 
Fixed  carbo 

Ash 

Heat  value. 


lIlCTlIOD  01-   OpEEATIOX 

The  plant  was  designed  and  its  ojieration  is  supervised 
by  the  Harmau  Engineering  Co.,  Peoria,  111.  The  coal  con- 
tracts are  made  by  this  company  and  it  systematically 
analyzes  the  coal  delivered.  The  operating  engineer  at 
the  plant   submits  a   daily   report,  stating   weather   and 


working  conditions;  number  and  time  of  boilers  in  ser- 
vice; number  and  time  of  pumping  units  iu  operation 
and  the  revolution  counter  readings ;  water  level  iu  river 
and  suction  bay  and  tlie  amount  the  level  iu  the  latter 
was  lowered  by  the  day's  pumping;  feed-water  meter 
readings:  weight  of  coal  burned;  labor  employed,  with 
description  of  work,  hours  and  rate  of  pay ;  also,  what- 
ever other  information  that  is  pertinent,  such  as  time  of 
cleaning  boilers,  hot  bearing  developed,  repairs  made,  etc. 
The  engineer  also  sends  in  tiie  charts  from  the  recording 
steam  gage  and  the  recording  thermometer  for  the  feed- 
water  temperature.  From  these  reports  the  form  shown 
in  Fig.  4  is  filled  out,  which  gives  the  complete  record 
of  a  mouth's  operation. 

The  purpose  of  this  system  of  supervision  is  to  main- 
tain the  plant  at  its  highest  efficiency  and  so  save  all  un- 
necessary expense. 


Temperature  Tests  on  Journal  Bearings 


By  Al.vx  M.  Bexxktt 


SYNOPSIiS — Comparative  tests  .showing  the  ieinperature 
rise  with  ball-seated  bearings  af  different  metals  under 
both  forced  luhricaiion  and  ring  feed.  The  results  of  a 
te.st  on  a  concentric-sleeve  bearing  are  also  included. 

The  curves  here  given  are  from  the  results  of  tests 
made  by  the  writer  for  the  purpose  of  determining  the 
relative  value  of  bearings  of  various  designs  and  com- 
positions, for  high-speed  duty,  such  as  that  met  with  iu 
steam  turbines,  and  their  connected  apparatus.  It  was 
decided  that  the  tests  should  show,  with  temperature  rise 
as  a  basis,  the  following  specific  comparisons: 

First,  that  between  bearings  supplied  with  oil  by  or- 
dinary ring  feed  and  those  in  which  forced  lubrication 
was  ttsed;  second,  a  comparison  of  results  from  the  use 
of  different  materials  under  like  conditions  of  lubrication, 
and,  third,  a  comparison  of  the  straight-seated  and  self- 
aligning  types.  In  addition,  from  the  last  two  series,  was 
to  be  observed  the  effect  on  vibration  of  the  various  ma- 
terials and  methods  of  miounting. 

The  tests  were  made  on  journal-type  bearings  fitted  to 
an  ordinary  direct-current  motor,  and  all  were  run  un- 
der the  same  conditions  of  load,  bearing  pressure  and 
speed.  In  each  case  the  run  was  continued  until  a  con- 
stant temperature  had  been  reached.  The  motor  was 
rtm  free,  as  it  was  thought  that  the  resttltant  pressure  on 
the  bearings,  due  to  the  weight  of  the  armature,  load  and 


varying  tightness  of  belt  would  be  difficult  to  accurately 
determine  for  each  case.  Besides,  the  condition  of  run- 
ning free,  so  far  as  the  bearings  were  concerned,  more 
nearly  approached  that  found  in  turbine  sets,  where  the 
driving  and  driven  machines  are  usually  in  line  with 
each  other,  either  coupled  or  on  the  same  .shaft. 

The  self-aligning  bearings  were  all  of  the  ordinary 
ball-seated  type  witli  one  exception,  that  being  composed 
of  three  concentric  sleeves  with  oil  clearances  between 
them,  the  outer  sleeve  being  doweled  in  the  bracket,  while 
the  inner  sleeves  were  free  to  rotate  and  accommodate 
themselves  to  irregularities  of  construction  and  align- 
ment. 

With  the  latter  bearing,  forced  lubrication  only  was 
used,  because  of  the  difficulty  of  adapting  it  to  ring  feed. 
The  oil  was  broitght  in  at  the  top  of  the  bearing  through 
a  %-iu.  pipe  under  a  pressure  of  approximately  21/2  lb. 
per  square  inch.  From  the  oil  clearance  between  the 
outer  .sleeve  and  the  one  next  to  it,  the  oil  was  led  by 
grooves  and  openings  through  the  inner  sleeves  to  the  in- 
ner oil  clearances  and  shaft.  This  method  of  bringing 
in  the  oil  also  obtained  with  the  rest  of  the  bearings  in 
which  forced  feed  was  used.  The  ring  feed  was  effected 
l)y  means  of  two  rings. 

All  the  various  bearings  were  of  like  size,  having  a 
nominal  bore  of  1%  in.,  and  a  length  of  514  in.  The 
actual  bore  of  the  bearings  was  between  0.0025  and  0.003 
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in.  larger  tiiau  llif  Journal  diameter.  The  pressure  per 
square  inch  of  projected  area  on  the  front  and  back  bear- 
ings was  23  and  28  lb.  respectively. 

A  close  estimate  of  the  heating  effect  on  a  bearing 
can  be  obtained  from  the  rubbing  coefficient,  or  the 
product  of  the  peripheral  speed  of  the  journal  in  feet 
pier  minute  and  the  presstire  per  square  inch  of  projected 
area.  With  a  value  for  this  coefficient  of  approximately 
40,000,  the  bearings  will  show  a  temperature  rise  of  35 
to  40  deg.  C.'  the  conditions  of  oil  supply  being  favor- 
able. At  the  foregoing  pressures,  and  a  speed  of  4000 
r.p.m.  at  which  these  tests  were  run,  the  values  of  the 
ruljbing  coefficient  for  the  front  and  the  back  bearings 


The  curve  in  Fig.  8,  for  the  concentric-sleeve  bearing, 
is  plotted  from  an  average  of  two  runs  on  the  same  bear- 
ing. So  far  as  temperature  rise  is  concerned,  this  does 
not  offer  any  advantage  over  the  bearings  of  ordinary 
construction,  the  temperature  rise  being  practically  as 
high  as  that  of  some  of  the  other  bearings  with  ring  feed. 
With  this  Ijearing,  however,  the  vibration  of  the  machine 
was  very  perceptibly  lessened,  and  it  is  probable  that  the 
increase  in  temperature  can  be  accounted  for  by  this 
fact,  the  vibration  Ijeing  absorbed  in  tlie  bearing  and  man- 
ifested in  heat. 

With  the  straight-seated  bearings.  Fig.  7,  t"he  vibra- 
tion was  much  more  noticeable  than  with  any  of  the  self- 
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respectively  were  42,000  and  .51.000.  From  this  it  will  aligning  bearings.  Of  the  latter,  the  babbitt-metal  bear- 
be  seen  that,  e\en  though  the  motor  was  running  light,  ings  ajipeared  to  have  a  greater  effect  in  reducing  vibra- 
thc  bearings   were  well   loaded.  tioii    than   those   of   the    harder   metals. 

Co.Ml'AIJISOX  OF   TJf.silts  '■' 

The  tests  in  Figs.  1  to  4  inclusive  show  that  a  forced 
oil  supply  at  the  pressure  given  has  an  advantage  over 
ring  feed  in  keeping  down  the  temperature,  the  bearings 
under  the  former  running  cooler  by  an  average  of  nearly 
10  per  cent,  tiian  those  with  the  latter.  This  gain  in  tem- 
|ierature  decrease,  however,  is  offset  by  the  added  com- 
plication and  expenses  of  providing  means  for  pumjjing 
the  oil  through  the  iiearings.  To  this  must  be  added  the 
possibility  of  breakdown  and  failure  of  tiie  puni]),  a  con- 
tingency not  to  be  reckoned  with  when  ring  feed  is  \ised. 
Inspection  of  Figs.  1.  3,  5  and  6.  whidi  were  run  under 
forced  feed,  shows  a  difference  of  (emperaiure  rise  in 
f;ivor  of  the  softer  metals.  Tlie  tests  in  Figs.  2  and  4, 
in  which  ring  feed  wa.s  used,  also  show  this  same  result. 

Between  the  ball-seated  and  straight-seated  bearings, 
til''  choice  lies  with  the  former.  In  Figs.  2  and  7.  whicl) 
show  a  comparison  of  these  types,  there  is  a  difference 
of  8  deg.,  or  1G  per  cent.,  in  the  case  of  tlie  back  bearings, 
and  7  deg.,  or  20  per  cent.,  between  the  front  bearings. 


Improved  X'ictor  Gate  X'^ahe 

This  valvt'  lan  be  had  made  entirely  of  brass  or  iron 
body,  brass  mounted,  in  "puddled"  semi-steel  and  also 
cast  steel.  The  valve  is  made  in  two  forms:  one  with  sta- 
tionary stem,  and  the  other  with  outside  .screw  and  yoke. 
The  seat  rings,  also  the  wedge  disk,  can  be  renewed  when 
worn.  That  portion  of  the  valve  body  which  receives  the 
seat  rings  is  threaded  to  the  correct  angle  of  the  tapers 
of  the  valve  disk.  The  \aive  seats  are  removable.  As  the 
valves  are  double  seated,  they  will  lake  pressure  from 
either  end. 

Either  pattern  of  valves  can  be  packed  under  pressure 
when  wide  open.  The  stuffing-box  in  the  valve  with  sta- 
tionary stem  is  .screwed  into  the  hub.  The  gland  and 
stuffing-box  are  lineil  with  bronze  bushings,  which  forms 
a  bearing  surface  for  the  stems.  The  disks  are  accurately 
guided  in  the  bodies,  and  the  guides  relieve  the  stems  of 
side   strains,    which    have   a    tendency   to   wear   out   the 
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threads.    The  steins  iii  both  forms  of  valves  are  made  of 
rolled  tobiu  bronze. 

The  joint  between  the  body  and  hub  consists  of  grooves 
exit  in  the  top  surface  of  the  valve  body,  in  which  are 
placed  seamless  copper  gaskets.  The  valve  can  also  be 
had  with  exterior  bypass,  a  view  of  which  is  herewith 
shown.  The  bypass  is  cast  integral  with  the  body.  The 
additional  metal  required  for  the  bypass  strengthens  the 


LUNKENHEIMKK    GaTE    VaLVE 

WITH   Bypass 

valve  body;  being  self-conlaincd.  it  is  not  affected  by  ex- 
tremes of  expansion  and  contraction.  The  bypass-valve 
trimmings  are  bolted  to  the  valve  body.  The  stuffing-box 
is  made  of  bronze  and  has  a  flange  on  the  bottom  thereof, 
which  prevents  the  iron  flange  above  it  from  touching  the 
iron  body,  and,  hence,  prevents  corrosion  between  these 
surfaces. 

The  bushing,  which  is  threaded  to  receive  the  threads 
on  the  stem,  not  only  prevents  corrosion,  but  also  makes  it 
possible  to  renew  the  same  when  worn.  The  area  of  the 
bypass  is  sufficiently  large  to  admit  enough  steam  around 
the  disk  to  quickly  equalize  the  pressure  on  both  sides. 

The  Lunkenheimer  Co..  Cincinnati.  Ohio,  is  the  man- 
ufacturer of  this  valve. 

Hydraulic  "Hydro-Cator"  Indicator 

The  "Uydro-Cator,"  a  new  hydraulic  indicator,  is  shown 
herewith.  It  is  designed  to  indicate  the  depth  of  water 
or  other  liquids  in  tanks  of  all  kinds,  reservoirs,  water 
towers,  wells,  sumps,  filtering  plants,  etc.,  and  can  be 
located  any  distance  above,  below  or  from  the  liquid  to 
be  indicated. 

The  device  is  manufactured  by  the  Sterling  Gauge  Co., 
134  East  Earned  St.,  Detroit,  Mich. 

This  instrument  is  simple  in  construction,  free  from 
moving  parts,  and  always  shows  the  exact  amount  of 
water  in  the  tanks  or  water  towers,  in  inches,  feet  or  gal- 
lons. 

The  contents  of  the  tank  is  indicated  bv  a  brilliant-red 


liquid  or  by  mercury  in  a  glass  tube.  The  scale  reading 
is  10  in.  high  for  the  .standard  instrument,  which  repre- 
sents the  full  depth  of  the  tank,  whether  it  is  2  ft.  or  100 
ft.,  as  each  gage  is  specially  calibrated  for  the  depth  of 
tank  and  specific  gravity  of  the  liquid  to  be  indicated. 
They  are  made  with  glasses,  up  to  72-in.  readings  if  de- 
sired. 

The  instrument.  Fig.  1,  is  fastened  to  the  wall  of  an 
oflice,  etc.,  and  an  Vs-in.  outside 
iliameter  capillary  copper  tube,  an- 
nealed, and  very  flexible,  is  run  to 
the  tank  either  above  or  below  the 
ground ;  it  contains  only  air  and 
will  not  freeze  or  stop  up.  One 
end  of  this  hollow  tube  is  attached 
to  the  top  of  a  casting,  6  in.  in 
diameter,  called  the  compressor, 
Fig.  2,  and  is  attached  to  the  bot- 
tom and  outside  of  the  tank,  or  it 
may  be  lowered  from  the  top  of 
the  tanks  to  the  bottom  on  the 
inside. 

Static  pressure  of  the  liquid  in 
the  tank  forces  the  trapped  air  in 
the  compressor  and  tube  line 
against  the  indicating  liquid  in  the 
instrument,  and  causes  it  to  rise 
in  the  glass  tube  in  proportion  to 
the  height  of  liquid  in  the  tank. 
It  is  not  necessary  to  empty  a  tank 
of  its  contents  when  installing  the 
a|)]iaratus.  It  is  charged  with  air 
;it  any  time  by  attaching  a  stand- 
ard liicycle-tire  pump  to  the  cap 
on  the  top  of  the  instrument  and 
a  few  strokes  of  the  pump  will  put 
the  instrument  in  balance  with  the 
liquid  in  the  reservoir.  The  "Hy- 
show   the    depth   of   water   in   the 
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in  rivers,  dams  and  flumes  and  can  Ije  used  for  registering 
oils,  gasoline,  syrups,  spirits  and  chemicals.  It  is  not  af- 
fec-ted  by  any  variation  of  temperature. 


Fine  grinding  can  be  done  with  a  coarse-grain  wheel  under 
the  proper  conditions:  in  the  same  way  a  fine  wheel  may  pro- 
duce rough  work.  Many  of  the  scratches  which  appear  on 
ground  work  are  made  by  small  particles  of  metal  between 
the  wheel  and  the  work.  Good  grinding  demands  conditions 
which  allow  these  particles  to  escape. — "American  Machinist." 
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Inaccuracies  of  Indicators' 


By  James  G.  Stewart 


SYNOPSIS — The  indicator  is  subject  to  systematic  er- 
rors not  generally  recognized.  For  important  deductions 
from  indicator  diagrams  the  instrument  should  he  cali- 
brated for  those  errors.  Results  of  experiments  and  de- 
scription of  special  apparatus  cinploi/ed  for  determination, 
of  errors  of  indicators. 

[Some  experiments  to  determiue  the  errors  to  whieli 
an  indicator  is  sul)ject  are  described  in  the  original  paper, 
and  for  the  purpose  of  presenting  concrete  conception  of 
the  errors  both  of  mean  pressure  and  shape  of  the  dia- 
grams the  author  gives  a  correction  of  the  diagram  of 
Prof.  Burstall's  "C'rosby-Hopkinson  Comparison  Tests," 
a  paper  read  before  the  Institution  of  Mechanical  Engi- 
neers in  1909,  these  having  been  chosen  because  the  in- 
dicating was  considered  of  the  highest  order  with  the 
given  instruments.  'Mr.  Stewart's  research  was  carried 
out  iu  the  mechanical-engineering  department  of  the 
University  of  Birmingham  and  experimenting  upon  the 
identical  indicators  used  la  Prof.  Burstall's  comparison 
tests. — P]DITOR.] 

A  eonsideration  of  the  uses  to  which  some  of  the  most 
eminent  engineers  have  put  the  indicator  and  of  the  far- 
reaching  deductions  made  by  them  led  to  this  investiga- 
tion of  its  behavior.  Professors  Callendar  and  Nicolson, 
iu  their  classic  experiments  on  the  temperatures  in  the 
steam  engine,  found  a  discrepancy  between  the  tempera- 
ture of  the  steam  as  measured  directly  and  as  calculated 
from  the  indicator  diagram.  The  discrepancy,  although 
small,  they  explained  by  a  theory  of  instability  of  state 
of  steam  during  expansion ;  it  could  be  explained  very 
satisfactorily  by  an  error  in  their  indicated  pressures  if 
such  could  iie  proved  to  exist.  Professor  Burstall  in  his 
gas-engine  work  has  made  much  use  of  the  indicator;  he 
lias  calculated  from  its  diagrams  the  temperatures  of  the 
gases  throughout  the  expansion  stroke  and  compared  them 
with  actual  measurements  of  these  temperatures.  He  has 
enunciated  a  law  of  cooling  in  the  gas-engine  cylinder, 
and  supported  it  by  the  agreement  of  deductions  made 
from  it  with  the  indicated  form  of  the  expansion  line. 
Dugald  Clerk,  in  his  well  known  work  on  the  specific 
heat  of  gases,  has  depended  almost  entirely  on  his  indi- 
cator diagrams. 

I'rof.  Bertram  Ilopkinsoii  has  also  used  his  indicator 
to  determine  the  s]>eeifi(!  heats  of  gases,  and  has  found 
unexplained  peculiarities  toward  the  end  of  compression 
and  beginning  of  expansion.  The  problem  of  the  be- 
havior of  gases  in  a  gas-engine  cylinder  would  be  much 
simplified  if  these  could  be  (■.\|>laincd  !iy  errors  in  the 
indicator. 

In  steam-engine  work  an  almo.st  absolute  reliance  is 
lilaced  on  the  indicator  diagram  ;  from  it  one  deduces  dry- 
ness fractions  of  the  exi)anding  steam  and  draws  the  cor- 
resjmnding  entropy  diagrams;  from  which,  in  turn,  vari- 
ous deductions  are  made  of  heat  interchanges  faking 
place  in  the  cylinder.  In  the  measurement  of  indicated 
borsepower  there  is  not  more  n^asoii  for  putting  trust  in 
the  indicator.     If  through  anv  cause  a  large- amount  of 


•Rxfracts  from  a  paper  entitled  "Tndlcntora."  presented  .-it 
tho  January  meetInK  of  the  Institution  of  Mechanical  Eni?l- 
n'  '  rs.  London.  England. 


fricti9n  were  offered  to  rhe  motion  of  the  pencil,  the  in- 
dicated horsepower  would  be  much  in  excess  of  the  true 
horsepower  for  diagrams  of  the  usual  shape. 

The  author's  experiments  lead  to  the  conclusion  that 
the  errors  in  indicator  diagrams  are  much  greater  than 
has  been  usually  assumed.  They  show  that  there  is  a  lag, 
often  very  great,  of  the  pencil  behind  its  true  position, 
and  that  the  error  so  introdticed  is  not  a  constant  but 
generally  increases  with  the  stiffness  of  the  spring  and 
with  the  pressure.  These  errors,  large,  yet  not  readily 
apparent,  are  not  uniform  but  vary  with  different  indi- 
cators and  even  with  different  springs  of  the  same  scale. 
Such  errors  and  the  uncertainty  of  their  magnitude  are 
hurtful  to  the  progress  of  engineering.  The  indicatoi' 
should  either  be  an  accurate  instrument,  or  a  ready  means 
of  measuring  its  errors  should  be  devised.  The  methods 
used  iu  the  atithor's  experiments  help  to  make  the  lat- 
ter alternative  possible,  and  the  results,  insofar  as  they 
])oint  out  the  causes  of  errors,  will  be  useful  to  designers 
in  their  search  after  the  former. 

There  is  in  the  indicator  tlie  i)ossibility  of  two  distinct 
errors : 

(  1  )  The  indicated  pressure  may  not  be  that  corre- 
sponding to  tlie  pressure  in  the  cylinder,  due  either  to 
friction  or  to  inertia  of  the  moving  parts  or  to  both. 

( ■.' )  The  position  of  the  drum  may  not  be  that  cor- 
lespondiug  to  the  position  of  the  piston,  due  to  stretch 
of  the  string  or  to  straining  in  other  parts  of  the  in- 
dicator gear.     These  will  be  considered  separately. 

In  the  author's  experiments,  Crosby  gas-engine  indi- 
cators, internal-spring  type,  fitted  with  heavy  pattern  pen- 
cil gear,  were  u^rttr-  -A-s-t-ho  -oniy  essential  difference  be- 
tween the  Crosby  gas-engine  indicator  and  the  Crosby 
steam-engine  indicator  is  the  diameter  of  the  piston,  the 
i-esults  are  apjiHcable  to  the  steam  indicator,  bearing  in 
niiihl  that  the  scale  of  the  springs  must  be  altered  in  pro- 
port  ion. 

As  indicator  diagrams  are  subject  to  error  from  inany 
causes  which  are  really  defects  of  the  engine  and  iidt  of 
the  indicator,  it  is  necessary,  in  order  to  determine  the 
errors  of  the  indicator,  to  eliminate  errors  of  the  former 
class.  In  the  pencil  motion  a  chief  source  of  error  in 
steam-engine  work  is  the  presence  of  water  in  the  indi- 
cator or  in  its  connection  with  the  cylinder;  this  has  been 
avoided  by  using  compressed  air  as  a  working  fluid.  In 
the  drum  motion,  errors  of  design  of  the  indicator  gear 
were  eliminated  by  a  ditTerential  method.  Further,  as  no 
satisfactory  deductions  on  pencil  motion  could  be  made 
from  a  diagram  taken  from  an  engine,  a  s])ecial  method 
was  used. 

Motion  of  the  Penril  {or  of  the  Ecpiimleni  Pressure 
Indicating  Mechanism  of  the  Optical  Indicator) — To 
record  tiie  pressure  accurately  the  pencil  must  have  for 
each  ])ressure  a  single  definite  position,  and  it  must  take 
this  ])osition  whenever  the  pressure  in  the  cylinder  is  that 
corresi)ondiiig  to  the  position.  This  is  only  api)ioximated 
to  in  any  indicator.  Friction  and  tho  inertia  of  the  mov- 
ing parts  introduce  errors  ;  there  may  also  be  an  error  duo 
to  slackness  in  the  pins  of  the  pencil  gear,  which  error, 
however,  is  one  whidi  ought  to  be  avoided.     A  knowledge 
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of  the  friction  and  the  inertia  gives  the  data  necessary 
to  calculate  the  error  in  the  motion  of  the  pencil. 

Frictional  Resistance  to  the  Motion  of  the  Pencil — If  a 
Crosbj'  indicator  be  subjected  to  pressures  represented  by 
the  line  ahcd,  Fig.  1,  it  will  be  unable  to  follow  the  in- 
stantaneous change  of  pressure  represented  by  he,  and  in 
consequence  oscillations  will  be  set  up,  and  the  pencil  will 
give  some  such  indication  as  abefghd.  Fig.  1.     These  os- 
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cillations  will  gradually  die  out,  and  experiment  shows 
that  the  damping  per  oscillation  (J)  for  each  of  the 
oscillations  is  very  nearly  constant.  Fig.  1.  It  is  slightly 
greater  when  the  oscillations  are  large,  but  for  general 
purposes  this  variation  may  be  neglected.  This  condition 
of  constant  damping  per  oscillation  is  an  indication  of 
the  nature  of  the  friction  which  is  damping  the  motion, 
namely,  that  it  is  "solid"  friction,  that  is,  it  is  of  constant 
amount  and  always  opposed  to  the  motion;  further,  the 

frictional  force  is  equivalent  to  j  lb.  per  in.-  on  the  piston. 

As  the  successive  maximum  heights  of  the  pencil  above 
its  true  position  can  be  measured  and  plotted.  -I  can 
be  obtained   with  considerable  accuracy  from  the  slope 

Elecfrically  operated 
-'  Swifch-vaive         ~ 


Fw.  3.    Ixdicator-Testixg  Apparatus  and  Sec- 
Tiox  OF  Switch  Valve 

of  the  mean  curve,  Fig.  2.  The  slope  at  the  point  at 
which  the  curve  cuts  the  time  a.xis  gives  the  true  soliil 
friction.  Increased  slope  at  other  points  indicates  the 
addition  of  a  small  amount  of  fluid  damping,  as  shown. 
Fig.  2. 

Experiments  to  Determine  the  Resistance  to  Motion  of 
Pencil — In  these  the  apparatus  .shown  in  Fig.  3  was  used. 
An    ordinary    high-pressure    air    bottle   had    two   bosses 


welded  on;  one  carried  a  pressure  gage,  the  other  a  valve 
of  special  construction.  The  indicator  was  attached  to 
the  special  valve  shown.  This  valve  was  double-seated. 
When  the  valve  was  on  the  lower  seat,  the  indicator  was 
open  to  the  atmosphere ;  when  it  was  on  the  upper  seat 
the  indicator  was  open  to  the  bottle,  which  in  working 
conditions  held  air  under  pressure.  This  valve  was  op- 
orated  by  a  magnet  which  made  possible  a  very  rapid 
switching  over  of  the  valve,  and  therefore  subjected  the 
indicator  to  a  very  rapid  change  of  pressure.  This  sud- 
den change  is  an  approximation  to  the  instantaneous 
change  represented  by  the  line  be  in  Fig.  1.  The  drum 
was  actuated  by  a  falling  weight;  the  weight  in  falling 
]nilled  in  the  fork  of  a  mercury-cup  switch,  thus  closing 
the  magnet  circuit  and  switching  the  indicator  from  the 
pressure  air  to  the  atmosphere.  By  properly  timing  this 
switch  the  valve  could  be  made  to  act  at  a  suitable  time, 
and  a  record  of  the  movement  of  the  pencil  was  obtained 
on  the  diagram.    The  pressure  of  the  pencil  on  the  paper 
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Fig.  4. 


Facsimile  of  a  Diagram  Obtaixed  froji 
Testixg  Apparatis 


was  adjusted  by  the  screw  provided,  and  the  screw  was 
held  against  the  stop  by  hanging  a  small  weight  to  it. 
Fig.  4  is  a  facsimile  of  an  actual  diagram  obtained  from 
tiiis  apparatus.  It  was  originally  intended  that  the  switch- 
valve  should  give  a  practically  instantaneous  change  of 
pressure  in  the  indicator  cylinder.  This,  however,  was 
found  impossible,  but  fortunately  the  very  satisfactory 
oscillation  diagrams  obtained  were  sufficient  in  them- 
selves to  give  complete  information. 

The  frictional  damping  forces  were  calculated  in  terms 
of  their  equivalent  pressures  on  the  piston  of  the  indi- 
cator ;  they  were  found  to  vary  with  change  of  conditions. 
So  far  pencil  pressure  is  the  only  recognized  variable,  but 
other  and  much  more  seriotis  causes  of  variation  were 
found.  It  was  only  after  much  work  that  these  varialdes 
were  separated.  Variation  of  the  friction  may  be  stated 
to  be  due  to  variation  in : 

(1)  The  pressure  of  the  pencil  on  the  paper. 

(2)  The  stiffness  of  the  spring. 

(3)  Different  springs  of  equal  stiffness. 

(4)  The  pressure  of  the  working  fluid  in  the  indicator 
cylinder. 

(5)  Different  indicators. 

The  irregularity  of  the  behavior  of  indicators  is  very 
unsatisfactory;  it  means  that  in  any  accurate  work,  indi- 
cator diagrams  cannot  be  accepted  unless  accompanied  by 
a  statement  of  the  peculiar  behavior  of  the  indicator  used 
in  taking  them.  With  regard  to  past  work  it  would  be  nec- 
essary, if  its  results  are  to  be  accepted,  that  the  experi- 
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nieiiter  should  get  liack  to  his  original  indicator  and  sup- 
l)lement  his  work  by  a  statement  of  its  errors.  That  error 
which  varies  with  the  pressure  and  which  is  due  to  re- 
straining couples  is  the  most  troublesome;  its  presence 
can  only  be  detected  by  some  such  method  as  that  used 
in  these  experiments.  The  difficulty  of  detecting  even  its 
presence  is  no  reason  for  believing  it  to  be  small.  It  is 
probably  not  too  mtich  to  say  that  the  indicated  horse- 
])o\ver  is  frequently  10  per  cent,  or  more  greater  than  the 
true  value.  Dr.  W.  E.  Fisher  has  called  the  author's  at- 
tention to  an  engine  test  which  shows  the  presence  of  er- 
rors of  this  magnitude.  With  diagrams  of  the  ordinary 
form  the  effect  of  friction  is  to  increase  the  diagram,  and 
when  this  friction  increases  with  the  pressure  the  increase 
in  the  size  of  the  diagram  will  be  greater  for  higher  initial 
and  back  pressures  in  the  cylinder.  This  effect  Dr.  Fisher 
obtained  by  working  a  Willans  engine:  (1)  condensing. 
(■i)  uoacondensiug;  maintaining  throughout  the  same 
brake  horsepower.  He  used  selected  indicators  and  found 
an  increase  of  indicated  horsepower  between  the  two  cases 
Of  3  per  cent,  using  Crosby  indicators  and  an  increase, of 
i.6  per  cent,  using  Mclnues  Dobbie  indicators.  The  Mc- 
Innes  Doljbie  indicators  throughout  gave  much  larger 
indicated  horsepowers  than  the  Crosby  indicators ;  between 
the  indicated  horsepower  (condensing)  as  obtained  by  the 
Crosby  indicators  and  the  indicated  horsepower  (non- 
condensing)  as  obtained  by  the  Mclnnes  Dobbie  indicator 
there  is  as  great  a  difference  as  10  per  cent.  If  to  this 
be  added  the  percentage  error  in  the  Crosby  we  obtain 
the  result  that  the  indicated  horsepower  as  obtained  by 
the  Mclnnes  Dobbie  indicator  is  greater  than  the  true 
horsepower  by  more  than  10  per  cent.  In  this  experiment 
the  assumption  is  made  that  the  mechanical  efficiency  of 

I       the  engine  is  constant  when  the  brake  horsepower  is  main- 

[       tained  constant,  an  assumption  which  there  is  much  rea- 

I       son  to  believe  is  true  or  very  nearly  so. 

:  It   has  been   assumed  that   the  friction,   as   measured 

from  the  oscillation  diagrams,  is  the  same  as  that  in  tlie 
indicator  when  the  motion  is  that  of  the  ordinary  indi- 
cator diagram.  This  requires  justification.  It  has  already 

I  been  pointed  out  in  the  analysis  of  the  oscillation  diagram 
that  the  friction  is  practically  independent  of  the  velocity ; 
consequently  its  magnitude  is  equally  great  even  when 
drawing  a  constant-pressure  line.  It  is  generally  believed 
Ihat  the  vibration  of  an  engine  is  sufficient  to  relieve  the 
indicator  of  all  solid  friction.  To  determine  whether  this 
was  true,  an  indicator  was  lilted  lo  a  Belliss  high-speed 
engine  and  a  weak  .spring  was  i)ut  in  the  indicator.  The 
drum  was  rotated  by  the  indicator  gear.  The  indicator 
<(,ck  was  o)K'n  to  atmosphere  throughout.  The  indicator 
pencil  was  deflected  (irsi  idiove  and  then  below  the  at- 
iMc.spheric  line  as  in  the  i.'rynoids  .static  friction  test.  On 
releasing  it  gently,  it  took  a  final  position  which  even 
after  many  revolutions  was  almost  as  far  distant  from  the 
iilmosjdieric  line  as  it  would  have  been  if  it  had  not  been 
-ulijpct  to  any  vibration.  With  heavier  springs  the  pos- 
i^ibility  of  relieving  friction  l)y  vibration  is  still  less.    The 

I  motioii  of  the  piston  and  jiencil  gear  may  <-ause  additional 
vibration.  But  such  was  present  in  the  oscillation  experi- 
ments and  its  effect  is.  therefore,  included  in  the  friction 
as  obtained  from  tliem.  The  same  result  was  obtained  on 
(he  Premier  gas  engine.  The  particular  Hopkinson  indi- 
cator which  was  tested  showed  errors  much  greater  than 
the  Crosby. 

lu  exi>c'rinieiits  made  to  determine  the  jH'riodic  times  of 


oscillation  of  the  pencil,  the  drum  of  the  indicator  was 
insulated  and  a  spark  nuule  to  pass  at  timed  intervals 
from  the  pencil  point  through  the  paper  to  the  drum, 
piercing  in  its  passage  a  hole  in  the  paper.  The  pencil 
was  set  in  oscillation  and  the  drum  rotated  as  in  the 
friction  experiments. 

[The  calculated  values  were  found  so  near  the  experi- 
mental that  for  most  practical  cases  it  would  appear  to 
be  sufficient  to  take  them  as  accurate.  Other  sources  of 
error  in  pressure  indicating  referred  to  in  the  paper  are 
the  better-known  errors  due  to  friction  and  which  are 
ordinarily  guarded  against  by  careful  experimenters. 
Among  these  errors  the  writer  includes  those  due  to:  (1) 
Water  in  the  connections,  ( 2 )  insufficient  size  of  connec- 
tions increasing  errors  due  to  presence  of  water,  (3)  in- 
accurate calibration  of  springs,  variable  strength  of 
springs  depended  upon  for  uniformity  of  scale  and  cali- 
bration at  temperatures  different  from  temperatures  at 
which  they  are  used,  (i)  slackness  in  the  joints  of  the 
pe]icil  gear,  and  (5)  inaccuracies  in  measuring  the  area 
of  the  diagrams.  The  latter  half  of  the  paper  is  devoted 
mainly  to  discussion  of  inaccuracies  of  the  drum  motion. 
Error  in  the  drum  motion  wlien  flexible  wire  was  used 
was  found  to  be  snuill  and  the  ;iulb(U'  suggests  that  the 
error  would  have  Ijeeii  very  small  if  a  stiffer  and  less 
elastic  wire  had  been  u -ed  in  ihe  straight  parts  of  the 
length  of  the  drive.  Si.ine  e.\peviinents  were  made  with 
short  springs  in  the  length  of  ilie  driving  wire.  The  er- 
rors in  the  motion  were,  of  course,  large,  but  there  was 
nothing  in  the  appearance  of  any  one  set  of  diagrams 
without  comparing  them  with  another  set  which  would 
enable  one  to  detect  the  presence  of  oscillations  or  errors 
of  any  kind.  IJeferring  to  indicators  generally  the  author 
concludes  as  below. — Editok.] 

The  design  of  no  indicator  ri'cognizes  sufficiently  the 
necessity  to  insure  only  sinqile  axial  forces  throughout  the 
whole  range  of  motion  of  the  indicator  piston.  As  work- 
manship can  never  be  acce]ited  as  absolutely  accurate,  the 
design  must  be  such  that  small  inaccuracies  in  workman- 
ship do  not  introduce  large  constraining  forces  and  con- 
sequent large  errors.  Generally  this  will  be  secured  by 
leaving  the  system  as  free  as  possible  and  in  particular 
by  arranging  that  no  unnecessary  restraint  is  put  u])on 
the  spring  or  the  piston.  On  high-si)eed  engines  the 
optical  indicator  must  be  used,  the  inertia  of  the  drum 
and  pencil  levers  being  too  great:  even  if  diagrams  lan 
be  taken,  that  is  no  proof  of  their  accuracy:  in  \':u-l.  and 
more  particidarly  with  regard  to  absence  of  oscillations 
of  the  pencil,  the  more  iiii|ierfcet  indieatcu's  will  give  the 
smoothest    anrl    appariMillv   best    diagrams. 

Largest  Turbo-Generator 

The  Comminiwealth  Edison  Co..  of  Chicago,  is  soon  to 
have  the  largest  turbo-generator  in  the  world.  This  will 
he  a  G.  E.  turbine  of  horizontal  type  and  will  be  rated 
at  30,000  kw.  It  will  generate  three-phase,  25-cycle  cur- 
rent, at  9000  volts  and  will  run  at  l-'iOO  r.p.m. 

This  will  he  installed  in  the  station  with  the  v'fi,000-k\v. 
Parsons  tnachine  which  Ihe  com)iany  ordered  from  Eng- 
land some  time  a.sro. 

Touching  upon  the  pconomlos  ofTpctod  by  the  t'tiltcd  States 
Steel  Corporation.  Mr.  Fallen.  Uh  pie.^ldent.  aalil  that  hlast 
furnaces  at  Gary  run  92  pas  i'nttine.s,  which  save  S.SOO.flOO  tons 
of   coal   per   annum. 
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Steam-Loop  and  Gravity-Return  System 


Bv  J.  C.  Hawkins 


SYNOPSIS — An  SOO-lip.  plant  is  equipped  ivith  a  steam 
loop  and  gravity-return  system.  No  traps  are  used  in 
returning  the  condensation  to  the  feed-water  heater.  The 
system,  has  been  in  operation  three  years  and  gives  ex- 
cellent results. 

While  the  theory  of  the  steana  loop  may  be  understood, 
its  direct  application  in  handling  condensation  from 
high-pressure  steam  lines  is  not  so  well  known.  Herewith 
are  illustrations  showing  the  piping  of  a  steam  plant  in 
which  the  steam  loop  has  taken  care  of  the  condensation 
with  good  results  for  about  three  years. 

The  plant  is  of  about  800  hp.  capacity  and  has  four 
boilers,  five  engines  and  seven  pumps  of  various  sizes. 
The  only  interruption  to  the  service  was  due  to  replacing 
a  split  coupling  and  repairing  a  leak  in  a  pipe. 

Prixciple  of  Operatiox 

The  principle  of  operation  of  the  steam  loop  and  grav- 
ity return  is  simple.  If  a  clo-sed  vessel  or  tank  is  placed 
above  the  boiler  and  connected  to  it  by  two  pipes,  one 
to  the  water  and  the  other  to  the  steam  space,  the  pres- 


level.  This  action  causes  the  slugs  of  water  and  steam 
to  rise  from  the  receiver  to  the  discharge  tank,  and,  to 
further  aid  the  system,  a  check  valve  is  placed  near  the 
boiler  in  the  return  line  which  prevents  the  water  from 
rising  in  the  return  line  of  the  other  side  of  the  system 
should  it  Ik'  closeil  for  any  reason. 

Pii'iNG  Layout 

In  the  bysteni  under  discussion  connections  arc  all 
made  to  the  bottom  vi  the  steam  line  where  water  can 
collect  and  the  condensation  is  piped  to  a  receiver  below 
the  lowest  po'nt  of  the  line.  Also  a  %-in.  equalizing 
steam  line  is  connected  to  the  receiver  from  the  header. 

From  the  bottom  of  the  receiver,  through  a  lV2-in. 
pipe,  in  which  long-radius  bends  are  used  in  place  of 
tittings,  the  water  and  steam  rise  in  slugs  to  the  discharge 
chamber.  Entering  the  top  of  this  chamber  they  sep- 
arate, the  water  falling  to  the  bottom  and  running  to 
the  return  line.  A  %-in.  vent  pipe  from  the  top  of  the 
chamber  connects  to  the  exhaust  pipe  through  a  regulat- 
ing valve,  and  a  telltale  is  placed  in  a  position  to  be 
easily  seen  by  the  engineer. 


Steam    Line 

Fi(i.  ].     Plan  View  of  I'ipini 


.sure  in  the  vessel  will  be  the  same  as  that  in  the  boiler 
and  the  water  in  the  pipe  will  stand  at  the  same  level 
as  that  in  the  boiler.  If  the  valve  on  the  vent  pipe  of  the 
closed  vessel  is  opened,  the  pressure  will  be  lowered  and 
water  will  rise  in  the  one  pipe  to  such  a  height  that  the 
.added  weight  counterbalances  the  difference  in  pressure 
lietween  the  boiler  and  the  tank,  and  steam  will  flow 
through  the  other  pipe  into  the  vessel  in  its  effort  to 
equalize  the  pressure.  If  the  steam  rising  to  the  closed 
vessel  holds  water  in  suspension,  the  water  will  be  swept 
along  with  the  steam  and  discharged  into  the  chamber 
where  it  falls  to  the  bottom  and  flows  into  the  pipe  con 
neeted  to  the  water  space,  thus  increasing  the  head  of 
water  in  the  return  line. 

As  the  extra  head  of  water  overbalances  the  increase 
in  its  height,  due  to  the  difference  in  pressure  between 
the  boiler  and  the  closed  vessel,  the  water  will  flow  into 
the  boiler  until  the  water  in  the  pipe  reaches  its  former 


The  vent  pipe  is  to  decrease  the  pressure  in  the  dis- 
charge chamber  as  well  as  take  out  any  air  or  noncon- 
densible  vapors  that  collect  in  the  upper  tank.  As  the 
exhaust'  is  used  for  heating,  any  steam  blowing  through 
the  regulating  valve  is  not  wasted.  The  vent  pipe  is  not 
covered  and  any  steam  condensed  in  the  pipe,  by  its 
weight,  tends  to  lower  the  pressure  in  the  discharge  tank. 

If  the  return  were  shut  off  or  became  stopped  up,  the 
discharge  chamber  would  fill  and  water  would  come  over 
m  the  vent  pipe  and  be  seen  blowing  from  the  telltale 
cock. 

As  shown  in  Fig.  1,  a  plan  of  the  piping  giving  the 
location  of  the  boilers,  engines,  etc.,  the  main  steam  line 
forms  a  loop  around  the  boilers  and  some  of  the  engines, 
with  gate  valves,  are  so  placed  that  in  the  event  of  a 
failure  of  any  part  of  the  line  such  part  can  be  cut  out 
without  shutting  down  the  whole  plant,  which  is  run  34 
hr.  per  day.     The  steam  line  is  set  level  and  cross  fittings 
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are  used  instead  of  tees  for  the  l)ranehes,  to  the  bottom 
of  which   die  drip  lines  are  eoniieeted. 

Boiler  Piping 

The  boilers  are  connected  to  the  9-in.  steam  line  by 
OxSJxO-iu.  tees  with  a  gate  valve  next  to  each  tee  and  the 
usual  long-sweep  bends  with  an  angle  valve  at  the  boiler. 
From  the  bottoms  of  these  tees  a  1-in.  pipe  runs  to  the 
drip  header  No.  1 ;  this  connection  is  shown  in  detail  in 
section  BB. 

A^alves  near  each  connection  and  each  side  of  the  drip 
header,  allow  any  part  of  the  system  to  be  cut  out  in 
case  of  accident  to  the  main.  A  %-in.  bleeder,  or  "open 
blow"  as  it  is  called,  will  drain  the  steam  from  that  sec- 
tion when  repairs  are  necessary.  On  the  main  steam 
hue,  in  the  engine  room,  OxQxTxT-in.  crosses  are  used  to 
take  off  the  branches  to  the  engines.     To  the  bottom  of 


Fig.  2.     End  Elevation  of  Piping  Layoi-t 


each  a  %-in.  drain  is  connected  to  the  header  \o.  1, 
which  is  placed  about  1  ft.  l)elow  and  4  ft.  to  one  side 
of  the  steam  main,  and  is  hung  on  posts  which  divide  the 
room  into  two  bays. 

Each  connection  is  made  with  a  nipple  tee,  nipple  and 
valve  with  an  open  blow,  located  at  all  connections,  as 
.shown  at  the  jwints  A;  the  connections  arc  shown  more 
in  detail  in  Fig.  2. 

The  drain  from  the  separators,  which  is  a  1-in.  pipe 
above  the  floor,  and  tho.se  from  the  jnimp  connections, 
are  carried  down  below  the  Hoor  to  header  Xo.  2,  be- 
cause they  are  lower  than  Xo.  1  hea<ler;  this  arrange- 
ment also  brings  the  drips  out  of  the  way  of  an  open 
blow  that  is  ])laced  at  each  connection  and  a  valve  in 
the  line  to  each  separator  for  the  rca.sons  already  .stated. 
Header  Xo.  2  is  in  a  trench  beside  the  exhaust  pipe. 

The  receiver  is  in  a  pit  below  the  floor  and  the  headers 
are  connected  thereto  witii  valves  for  cutting  out  and 
draining  either  branch.  Thi.s  is  .shown  in  Fig.  2,  which 
is  the  end  view  of  the  piping.  A  i/^-in.  vent  on  the 
to])  of  the  receiver  is  for  blowing  out  air  in  starting,  or 
to  release  the  pressure  for  starting.  A  1%-in.  l)ipe  runs 
from  the  bottom  of  the  receiver  to  the  discharge  cham- 
ber, which  is  placed  35  ft.  above  the  water  line  of  the 
i«()ii(Ts. 


The  reason  for  locating  the  discharge  chamber  at  a 
height  of  35  ft.  or  over  is  not  only  to  prevent  siphonage, 
but  to  give  a  better  working  head.  The  modern  ten- 
dency is  to  increase  the  height  of  the  discharge  chamber 
for  economy  in  the  use  of  steam  piping.  Reducing  the 
diameter  of  the  pipe  frequently  produces  pressure  losses 
which  are  altogether  out  of  proportion  to  the  small  econ- 
omy effected  hy  the  use  of  small  pipe,  so  that  the  dis- 
charge losses  are  sometimes  even  higher  than  10  lb.  To 
have  a  safe  margin  of  altitude,  the  balancing  point  should 
be  preferably  about  half  way  up  the  return  leg.  It  will 
require  25  ft.  of  vertical  head  above  the  boiler  water  line 
to  balance,  and  from  5  to  8  ft.  more  to  open  the  check 
valves  and  overcome  frictional  resistance,  so  that  35  ft. 
to  the  bottom  of  the  receiver  is  the  safe  minimum  and 
10  ft.  or  20  ft.  more  is  taken  if  possible.  A  lower  height 
than  35  ft.  would  work,  if  the  loss  in  pressure  between 
the  boiler  and  discharge  chamber  is  correspondingly  less 
than  10  lb.,  but  it  is  not  safe. 

Xo  fittings  are  used  in  the  riser,  all  turns  being  made 
by  bending  the  pipe  to  reduce  friction.  The  discharge 
chamber  and  pipes  connecting  to  it  are  in  a  pipe  stack 
and  out  of  the  way.  The  return  pipe  leads  to  the  bottom 
of  the  tank  and  passes  from  the  pipe  stack  near  the  ceil- 
ing of  the  engine  room  to  the  back  of  the  boilers  where 
it  branches  off  and  connection  is  made  to  each  lioiler  be- 
low the  water  line,  with  a  swing  check  valve  and  two 
gate  valves  in  each  connecting  pipe.  The  main  return 
and  branches  are  all  li/o-iii-  pipe.  Section  CC  show^s  the 
return  piping  more  fully,  also  the  starting  valves  on  each 
end  of  the  return  line,  near  the  boilers.  One  starting 
valve  is  necessary,  but  two  are  placed  so  that  with  one 
side  of  the  return  out  of  commission  the  other  can  be 
used;  this  also  brings  the  valves  out  of  the  way. 

Starting  the  System 

To  start  the  .system,  all  the  branches  into  the  head- 
ers are  opened  with  the  i)leeders  closed.  Then  the  vent 
valve  on  the  receiver  is  ojiened  until  all  of  the  air  is 
blown  out  of  the  inlet  side.  Then  the  bleeder  is  closed, 
the  valve  in  the  riser  opened  and  one  of  the  starting 
valves  opened  and  allowed  to  blow  until  dry  steam  shows. 
Xext  the  vent  valves,  the  telltale  and  the  Holly  valve, 
as  it  is  called,  are  opened;  the  system  will  then  be  in 
full  operation  and  so  continue,  as  long  as  there  is  steam 
in  the  pipes,  without  further  attention.  The  regulating 
valve  in  the  vent  pipe  is  opened  a  very  little  and  the 
steam  escaping  through  it  reduces  the  pressure  in  the 
discharge  chamber,  which  is  further  reduced  by  the 
siphoning  action  of  the  water  condensed  in  the  vent  ])ipe, 
but  as  this  goes  into  the  feed-water  heater  it  is  not  lost. 

The  telltale,  or  i/4-in.  pet-cock,  is  partly  closed  and 
blows  steam  into  the  air  where  it  can  be  seen  and  heard. 
It  will  also  blow  water  if  the  return  to  the  boiler  is 
closed ;  if  the  riser  is  clo.sed,  either  steam  or  water  will 
blow  as  long  as  the  system  is  working. 

In  cutting  a  boiler  in  or  out  of  service,  the  valves  on 
the  return  line  to  the  boiler  are  operated  at  the  same 
time  as  the  main  .stop  valve,  unless  it  is  desired  to  use 
all  of  the  condensation  in  one  boiler.  In  that  case  all 
the  return  lines  are  cut  out  except  the  one  to  receive 
the  returns. 

riate  viilvcs  are  used  in  this  system,  but  if  globe  valves 
were  use. I  they  should  be  placed  with  the  stem  in  a  hori- 
zontal   position.      Gate   valves   are  preferable   to    reduce 
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friction.  A  swiug  check  valve  near  the  coimection  to 
each  boile;-  prevents  the  water  surging  from  one  to  the 
other,  and  water  from  the  boilers  backing  up  into  the 
discharge  tank  and  into  the  steam  line.  All  pipes,  tanks, 
etc.,  are  coxered  except  the  vent  pipes. 

.Vdvaxtaues  axd  Disadvaxtagks 

The  disadvantages  of  this  sj-stem  are  long  lines  of  pipe 
and  the  height  at  which  the  discharge  chamber  must  be 
located,  but  these  are  offset  by  a  system  of  drainage  for 
the  high-pressure  lines  that  is  always  in  working  order 
and  demands  no  attention.  It  has  no  moving  parts,  re- 
quires little  steam,  returns  the  water  to  the  boilers  at  a 
very  high  temperature  and.  if  properly  installed,  will 
last  as  long  as  the  steam  line.  The  steam  main  may  be 
tapped  wherever  there  is  a  water  pocket,  thus  insuring 
dry  steam  without  the  danger  of  a  sudden  dose  of  water 
in  the  engine   cylinder. 

The  cost  of  operation  and  the  results  obtained  are  so 
satisfactory  that  after  years  of  experience  with  all  kinds 
of  pumps,  traps,  etc..  the  writer  regards  this  system  as 
the  most  dependable  and  reliable  as  well  as  economical 
means  of  dealing  with  condensation  in  the  high-pressure 
lines  in  buildings  that  will  admit  of  placing  the  sep- 
arating tank  at  the  required  height. 

The  exhaust  line,  whicli  is  below  the  floor,  is  a  little 
different  from  that  usually  seen.  A  3\4x6-ft.  tank,  in 
the  sub-basement  below  the  exhaust  pipe,  is  connected 
to  it  by  a  'i-in.  pipe.  This  tank  is  drained  by  a  21/^  and 
5  by  5-in.  single-cylinder  pump,  and  by  a  siphon  in  a 
closed  chamber,  which  is  used  in  case  of  rei)airs  to  the 
pump.  A  regulator  is  so  connected  to  the  tank  that  the 
lieight  of  the  water  in  the  tank  controls  the  steam  to  the 
pump  or  siphon  through  a  float  and  \alve,  thereby  taking 
care  of  the  exhaust  condensation  without  loss  of  steam. 

The  pump  or  siphon  can  be  run  independently  of  the 
tank  or  regulator.  This  is  done  at  present,  as  this  pump 
is  used  as  a  wet-vacuum  pump  and.  with  the  healing  sys- 
tem, carries  a  vacuum  of  from  1  to  8  in. 

The  exhaust-pipe  drip  punij)  and  connections  are 
shown  in  Fig.  2.  On  account  of  tlie  slight  difference  in 
level  of  the  exhaust  pipe,  a  sewer  pump  or  trap  was  uec- 
sarj',  and  of  the  two  the  pump  was  found  the  most  re- 
liable. Drips  are  also  pumped  through  an  oil  separator, 
then  into  the  feed-water  heater  and  saved.  The  pump 
has  been  in  constant  operation  over  two  years  and  has 
been  packed  only  once  during  that  time :  so  far  it  has 
not  been  found  necessary  to  use  the  siphon  except  to 
try  it  out. 

Machinery  Exhibits  at   Panama-Pacific 
Exposition 

Rapid  progress  is  being  made  in  the  construction  of  the 
main  exhibit  buildings  at  the  Panama-Pacific  Interna- 
tional Exposition  at  San  Francisco.  The  first  of  the 
buildings  is  now  completed  and  five  other  structures  are 
under  way  There  will  be  fourteen  main  exhiljit  buildings 
in  all,  and  contracts  will  be  let  upon  the  others  to  bring 
all  to  completion  by  July,  1914.  Work  upon  the  Ma- 
chinery Building,  the  largest  of  the  group,  is  advancing 
and  the  framing  of  the  main  portion  of  the  structure  is 
partly  completed.  This  will  permit  the  complete  installa- 
tion of  exhibits  by  the  opening  date,  Feb.  20,  1915.    The 


exposition  iiianagemont  plans  a  record  nnt  only  in  con- 
struction but  in  the  presentation  of  a  finished  spectacle 
on  the  opening  day. 

The  department  of  machinery  exhibits  is  thoroughly 
organized  and  filings  for  exhibit  space  have  been  received 
to  an  extent  that  assures  a  fine  display.  Early  applica- 
tions are  especially  welcomed  by  the  management  and 
will  facilitate  the  proper  grouping  of  the  exhibits  and 
the  perfection  of  other  arrangements  essential  to  the  in- 
terests of  exhibitors  as  well  as  to  the  exposition. 

For  the  information  of  exhibitors  the  following  brief 
data  have  been  forwarded  by  the  exposition  company:  The 
Machinery  Building  will  have  nearly  eight  acres  of  floor 
space.  In  addition,  there  will  be  an  auxiliary  structure 
to  be  known  as  the  Gas  and  Fuels  Building.  The  elec- 
trical machinery  will  be  located  in  the  Machinery  Build- 
ing and  classed  under  the  general  heading  of  machinery. 

All  parts  of  the  building  will  be  served  by  adequate 
crane  facilities.  Alternating  and  direct  electric  current, 
gas  and  water  will  be  available  in  any  portion  of  the 
building;  compressed  air  and  steam  will  be  provided  in 
a  section  adjacent  to  the  Gas  and  Fuels  Building.  General 
illumination  is  to  be  provided  by  the  exposition  company, 
but  a  nominal  charge  will  be  made  to  exhibitors  for  other 
utilities  service  they  desire.  Special  rates  for  power  will 
be  made  to  exhibitors  who  use  it  to  show  machinery  in 
motion. 

The  Machinery  Building  floor  is  designed  for  200  lb. 
])er  sq.ft.  The  soil  conditions  w-ill  permit  adequate  founda- 
tions for  heavy  machinery  to  l)e  readily  constructed.  Xo 
charge  will  be  made  for  exhibit  space. 

The  management  urges  that  concerns  and  individuals 
desiring  to  participate  lose  no  time  in  getting  into  touch 
with  the  company  and  filing  applications  for  space. 

Copies  of  the  rules  and  regulations,  the  classification 
of  exhibits,  iilank  applications  for  space,  and  other  in- 
formation prepared  for  the  guidance  of  exhil)itors  will  be 
jiromptly  forwarded  on  request  to  the  Panama-Pacific 
International  Exposition  Co..  San  Francisco,  Calif. 

Bristol   Revolution  Counter 

The  revolution  counter,  made  by  the  Bristol  Co., 
Waterbury,  Conn.,  is  designed  for  use  wherever  mechani- 
cal movement  is  to  be  counted.  It  is  made  of  iron  and 
steel,  according  to  the  metal  best  suited  to  its  purpose. 
The  dials  are  white,  with  i^-in.  figures  in  black. 

The  principal  feature  of  this  counter  is  that  all  the 
figures  can  be  set  back  to  zero  with  one  turn  of  a  key. 
The  counter,  according  to  size,  registers,  10,000,  100,000 
and  l.ono.OOO.     The  casing  is  of  polished  brass. 


Heating  a  building  by  means  of  steam  pipes  embedded  in 
the  concrete  floor  has  been  successfuUy  accomplished  in  the 
chassis  testing  building  of  the  Moline  Automobile  Co..  Mo- 
line.  111.  The  structure  is  120  ft.  long  by  60  ft.  wide  with 
door  openings  extending  completely  across  the  ends  of  the 
building.  The  workmen  are  obliged  frequently  to  lie  on  the 
floor  in  making  necessary  repairs  and  adjustments  and  on 
this  account,  it  was  desired  to  keep  the  floor  surface  com- 
fortably warm.  To  accomplish  this.  1^4 -in.  steam  pipes  spaced 
42  in.  on  centers  were  laid  2  in.  belov,'  the  surface  of  the  6-in. 
floor  slab.  The  concrete  is  reinforced  locally  against  crack- 
ing due  to  the  expansion  of  the  steam  pipes  by  corrugated, 
galvanized  iron  pipes  enclosing  the  former.  Below  the  floor 
slab.  8  in.  of  cinder  fill  is  placed  as  an  insulating  material. 
It  is  stated  that  with  only  five  small  metal  radiators  addi- 
tional, it  is  possible  to  obtain  a  uniform  temperature  of  65 
to  70  deg.   Fahr.  throughout   the  building. — "Contract  Record." 
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Electric  Control  for  Conveyor  Belts 

By  1).  Ji.  Siii:ai;hi: 

Not  loug  ago  the  writer  was  called  upon  to  design  an 
automatic  control  system  for  six  interdependent  conveyor 
belts.  The  conditions  to  be  met  were  such  that  at  first 
it  seemed  difficult  to  achieve  a  satisfactory  result,  bur 
finally  a  system  was  developed  which  promises  to  be  sat- 
isfactory in  every  particular. 


^lomerifary  Confaci-  Hand 
Operated  Swi-f-ches 

COXTROL    CiRCriTS    CoXVErTF.n    WITH    GOVKRXOU 

Four  of  the  belts  are  arranged  so  that  each  dumps 
onto  the  succeeding  one,  thus  forming  a  continuous  con- 
veyor line.  The  other  two  are  used  alternately,  both  be- 
ing fed  by  the  main  belt-conxeyor  line.  The  control  re- 
quirements were  as  follows: 

Should  any  belt  slo])  through  failure  of  driving  ])owcr. 
breaking  of  the  driving  iielt,  overloading  or  clogging,  llic 
others  should  also  stop,  thus  preventing  the  accumulation 
of  load  on  the  motionless  belt.  It  was  necessary  also 
that  all  the  belts  be  arranged  to  stop  or  start  from  any 
one  of  several  points.  Of  course,  it  was  necessary  that 
the  unused  belt  of  the  alternate  pair  should  have  no  ef- 
fect upon  the  operation  of  the  remaining  five. 

The  control  system  as  finally  designed  is  shown  in  the 
sketch.  All  the  belts  are  motor-driven,  and  each  drives, 
through  a  sprocket  and  chain  from  a  friction  roller,  a 
special  governor  of  the  flyball  ty])c.  This  governor  is  so 
arranged  that  at  a  criti(-al  si)ecd.  about  two-thirds  ihc 
running  s|)eed.  an  electrical  contact  is  closed  ;  as  the  speed 
ImIIs  still  lower  the  control  circuit  is  opened,  so  that  when 

'■  belt  and  governor  are  at  rest,  there  is  no  electrical 
'ill  tact 

Moreover,  this  contaet  is  closed  only  as  the  governor 
-lows  to  the  critical  speed  and  not  as  it  is  coming  up 
l(j  speed  |)ast  this  critical  position:  Ihc  pawl  in  this  case 


slips  by  the  switch.  Thus,  in  starting  the  belts  from  rest 
to  full  speed  no  contact  is  made,  but  should  any  one,  or 
all,  the  belts  slow  down  to  a  certain  si)eed,  or  stop,  the 
control  is  closed. 

Each  driving  motor  is  furnished  with  an  auto-starter, 
and  also  with  a  remote-control  circuit-breaker.  These  cir- 
cuit-breakers not  only  act  as  switches  for  the  remote  con- 
trol, but  also  have  overload  and  no-voltage  release  mech- 
anisms. The  relay  current,  or  current  used  to  operate  the 
circuit-breaker  solenoids,  is  taken  from  the  main  feeders, 
but  has  separate  fuses.  For  starting  and  stopping  an  in- 
stantaneous contact,  three-point  hand  switch  is  used,  so 
that  relay  current  uuiy  be  thrown  on  either  the  make  or 
break  solenoid  of  the  circuit-breakers.  The  governor, 
however,  is  connected  only  to  the  solenoid  which  trips  the 
breaker. 

It  is  e\-ident  from  the  foregoing  that  should  any  op- 
erating belt  slow  down  or  stop,  its  governor  will  close  the 
contaet,  and  trip  not  only  its  own  circuit-breaker,  but  all 
the  others.  After  the  cause  of  the  stopping  has  been  re- 
moved all  the  breakers  may  be  thrown  in  from  any  of  the 
hand  switches.  Should  it  beconn'  necessary  to  sto]i  all 
the  belts  by  hand,  this  can  also  be  done  by  throwing  the 
hand  switches  to  the  otlcr  ])oint. 

Water  Rheostats 

BV   R.    ]j.    DAUfiKKRTY 

In  some  recent  testinu'  il  was  neeessai-y  to  construi-t  a 
water  rheostat  to  absorli  the  power  from  a  "JSOO-volt, 
three-phase,  150-kw.  generator.  Tt  was  also  ih-sired  to 
overload  the  generator  u))  to  about  ^i^o  kw..  which  meant 
a  maximum  current  of  about  (id  amp.  per  phase.  On  ac- 
count of  the  high  voltage,  ordinai'v  watei-  was  sufficient 
and  the  rheostat  was  sus])cnded  in  a  ert'ek  running  along- 
side the  power  house. 


Fig.  3.  Rhko- 

STAT   AFriCR  Al- 


There  was  little  JMrormatioii  to  lie  had  upon  rheostats 
of  this  type,  so  the  first  one  built  was  in  the  nature  of 
an  experiment.  For  each  of  the  three  terminals,  two 
pieces  of  li/4-in.  ]npe,  •'?  11.  long,  were  screwed  into  a 
return  bend  with  a  back  outlet.  In  llu'  back  outlet  wa."* 
placed  a  pi]ie  plug  with  a  bole  drilled  for  the  wire,  whieh 
was  held  by  ii  setscrew.  Tliese  pi|)es  were  suspended  from 
a  wooden  frame  and  each  pair  was  |)laced  at  the  vertex 
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of  an  equilateral  triaugle  having  15-in.  legs.  It  was 
found  upon  test  that  when  the  pipes  were  immer.sed  G 
in.,  10  amp.  per  phase  was  absorbed.  When  immersed 
24:  in.,  only  22  amp.  per  phase  was  absorbed,  giving 
a  total  power  consumption  of  about  SO  kw.  As  2  ft.  was 
the  gi'eatest  depth  of  immersion  that  could  be  obtained 
at  a  convenient  spot,  the  rheostat   had   to  be  rebuilt. 

This  time  the  pipes  were  placed  a  little  closer  together, 
the  leg  of  the  triangle  being  reduced  to  IIV2  i'^-  (Sp'' 
Fig.  1.)  In  addition,  a  piece  of  Xo.  24  sheet  iron  of 
dimensions  shown  in  Fig.  2  was  bolted  onto  each  pair  of 
pipes,  holes  being  drilled  in  the  latter  for  that  purpose. 
This  sheet  was  then  bent  back  to  form  an  angle  of  120 
deg.  so  that  each  adjacent  pair  of  sheets  were  parallel. 


Fig.  4.     Rheostat  Set  up  ix  Ckkek 


if  the 


The  point  of  the  sheet  was  Jiut  5  in.  above  the  end 
pipes  so  that  a  light  load  could  be  easily  obtained. 

When  the  rheostat  was  immersed  2  ft.,  as  before,  52 
amp.  per  phase  was  absorbed.  As  this  was  not  suf- 
ficient the  plates  were  bent  to  bring  them  closer  together. 
as  in  Fig.  3.  A  current  of  60  amp.  per  phase  could  then 
be  obtained  with  a  16-in.  immersion. 

The  framework  supporting  the  pii)es  was  suspended 
from  a  tripod  set  up  in  the  creek,  as  shown  in  Fig.  4. 

For  testing  a  110-volt,  direct-current  machine  of  30 
kw.  capacity,  it  was  desired  to  construct  a  rheostat  which 
would  offer  enough  resistance  to  consume  60  amp.  or  less 
and  which  could  also  consume  as  much  as  300  amp.  It 
was  decided  to  use  iron  wire  as  a  resistance  and  keep  it 
cool  by  immersing  it  in  the  creek. 

This  was  impossible  to  calculate  with  any  exactness 
because  no  one  could  tell  what  the  temperature  and  hence 
the  resistance  of  the  wire  might  be  under  the  conditions. 
Two  light  wooden  frames  were  made  that  were  3  ft.  long 
and  11  in.  square.  One  of  these  was  wound  with  60 
turns  of  No.  10  and  the  other  with  60  turns  of  No.  14 
galvanized-iron  wire.  That  made  220  ft.  of  each  size. 
It  was  foimd  that  these  two  frames  in  .series  offered  more 
than  enough  resistance  for  our  purpose.  This  resist- 
ance was  reduced  by  tapping  in  at  different  points  until 


fairly  large  values  of  current  were  reached.  The  two 
frames  were  then  placed  in  parallel  and  then  the  two 
were  cut  down  simultaneously.  The  heaviest  current  car- 
ried was  240  amp.  and  for  that  we  had  59  ft.  of  No.  10 
in  parallel  with  77  ft.  of  No.  14.  The  expected  300  amp. 
was  not  obtained  because  the  waterwheel  being  tested 
was  not  able  to  run  the  generator  at  its  rated  capacity. 

Care   and    Operation   of   Commutators 

The  article  by  11.  S.  Page,  in  the  May  20  issue,  is  very 
instructive  to. the  average  operating  engineer  or  electric- 
ian. The  writer  has  charge  of  a  number  of  machines, 
two  of  which  are  compound-wound,  8-pole,  200  kw.,  600- 
volt,  direct-current  generators  running  at  220  r.p.m.  The 
two  units  are  duplicates  and  are  used  for  street  railway 
service,  the  load  fluctuating  from  0  to  150  per  cent. 

The  commutators  are  30  in.  in  diameter  with  a  6-in. 
face  and  are  fitted  with  eight  brush-holders  of  the  box 
type,  two  brushes  per  holder.  We  were  first  troubled 
with  squeaking  chattering  brushes  and  the  commutators 
were  frequently  lubricated  w-itli  engine  oil  or  vaseline, 
but  this  gave  us  trouble  by  destroying  the  mica  be- 
tween the  segments  at  the  outer  edge  of  the  commutator. 

We  tried  several  grades  and  makes  of  carbon  brushes 
Init  they  would  soon  begin  to  chatter  and  spark  and  burn 
the  commutator.  After  setting  the  brushes  in  oil  for  a 
time  they  would  do  nicely  for  a  few  days  after  which  the 
same  trouble  would  begin  again. 

The  brush-holder  and  brush  adjustments  were  gone 
over  time  and  again  w^ith  no  improvement.  We  tried 
slotting  the  commutators  and  this  helped  for  a  v/hile 
but  at  intervals  the  troubles  would  occur  without  any 
apparent  cause.  We  then  tried  a  good  grade  of  graphite 
brushes  and  this  did  away  with  the  chattering  and 
sqiieaking  but  after  they  were  in  use  for  some  time  they 
would  get  very  hot  and  particles  of  the  brush  would 
adliere  to  the  holders  and  cause  them  to  stick  and  spark 
badly.  The  brush  would  not  touch  the  commutator  but 
this  could  scarcely  be  detected  by  the  eye.  By  going 
over  the  brushes  and  commutators  again  the  troubles 
would  disappear  for  some  time.  Later  we  installed  a 
motor-generator  set  to  operate  between  the  direct-current 
and  alternating-current  systems  so  that  either  system 
woulil  help  out  the  other. 

Next  we  tried  alternate  sets  of  carbon  and  graphite 
brushes.  This  made  the  positive  brushes  graphite  and 
the  negative  cai-bon  or  vice  versa,  then  the  graphite 
brushes  would  get  hot  and  stick  and  spark.  We  then 
placed  one  carbon  and  one  graphite  brush  in  each  holder 
witli  the  graphite  brushes  in  the  positive  holders  on  the 
outside,  but  this  ])art  of  the  commutator  soon  became  so 
badly  burned  that  it  required  frequent  turning.  We, 
therefore,  put  the  carbon  brushes  "in  the  positive  holders 
on  the  outside  but  the  inner  part  of  the  commutator 
would  burn  away  and  require  turning  the  commutator. 

We  discontinued  slotting  the  commutator  but  this  did 
not  help,  so  we  then  placed  two  graphite  brushes,  one 
positive  and  one  negative,  on  the  outside  and  carbon 
brushes  inside,  and  in  thi*  next  two  holders  carbon 
brushes  on  the  outside  and  graphite  inside  and  so  on 
around  the  commutator.  Since  placing  them  this  way 
we  have  had  very  little  trouble. 

C.  E.  Nye. 

Morgantown,  W.  Ya. 
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Cylinder   Heads  of  Horizontal  Single- 
Acting    Motors* 

fU-  ilAX  II.  MCller 

At  the  hegiuning  of  statiouarv-motor  development  a 
great  variety  of  cylinder-head  patterns  prevailed,  but  a 
very  simi)le  form  is  now  gaining  ground.  Both  theory 
and  practice  teach  that  simple,  compact  forms  are  use- 
ful because  they  favor  rapidity  and  completeness  of  com- 
bustion. The  Giildner  design  has  been  of  great  influence 
in  this  respect,  and  its  type  of  simple  coherent  combus- 
tion chamber  with  central  ignition  has  been  carried  from 
the  vertical  to  the  horizontal  engine. 

In  the  gas  engine  there  must  be  a  quick  passage  of  the 
flame  from  the  place  of  ignition  through  the  combustion 
chamber,  the  charge  having  been  already  pre])ared  by 
mixture  and  compression :  while  in  the  oil  engine  there 


which  varies  in  ditt'erent  factories,  it  consists  of  studs 
which  are  either  screwed  into  the  connecting  flange  of 
the  frame  and  hold  the  flange  of  the  cylinder  head,  Fig. 
2.  or  vice  versa,  or  are  screwed  into  the  flange  of  the 
frame  and  pass  through  the  whole  length  of  the  cylinder 
head.  Fig.  3.  These  various  methods  of  attachment  are 
of  differing  worth  and  indirectly  they  are  probably  to 
blame  for  many  cracks  in  cylinder  heads  of  horizontal 
oil  motors. 

Aside  from  cracks  of  characteristic  form  and  position 
that  result  from  cooling  strains  of  the  metal  in  casting, 
may  be  distinguished  all  those  which  occur  in  the  inner 
combustion  chamber  or  in  the  cooling  jacket.  The  former 
are  generally  due  to  insufficient  thickness  of  the  wall  of 
the  combustion  chamber  or  to  irregular  distribution  of 
the  material  by  displacement  of  the  core.  In  part,  such 
cracks  are  also  attributable  to  insufficient  stiffness  of  the 
front  head,  which  may  be  distorted  when  subjected  to  the 


Fig.   1 


Fig.  2 


must  be  a  rapid  impregnation  of  all  the  air  with  the 
sprayed  fuel.  On  one  hand,  a  very  small  compression 
chamber  is  necessary  in  order  to  attain  the  required  de- 
gree of  compression,  while  on  tiie  other,  there  must  be 
provided  valve  ports  corresponding  with  a  high  piston 
speed.  Also,  in  spite  of  these  openings,  the  inner  com- 
bustion chamber  must  be  made  strong  enough,  and  the 
cylinder  head  elastic  enough  to  follow  without  fracture 
the  distorting  forces  that  act  on  it  between  combustion 
chamber  an<l  cooling  jacket. 

Since  the.^e  imposed  conditions  are  in  ]iart  conflicting, 
a  compromise  is  necessary.  It  would  l)e  jireferable,  from 
the  viewpoint  of  cheapness  in  manufacture,  to  have  a 
form  of  cylinder  head  which,  as  in  the  case  of  the  vertical 
motors,  best  exemjilified  in  the  (iiildncr.  could  be  used 
not  only  with  the  ordinary  liquid  and  gaseous  fuels,  but 
aLso  with  heavy  oils  as  in  the  Diesel  or  constant-pressure 
process. 

Of  late,  the  Augsburg-Niirnbcrg  Co.,  in  Germany,  has 
taken  the  lead  in  introducing  a  form  of  combustion  cham- 
ber similar  to  that  shown  by  Fig.  1,  except  in  the  design 
of  the  flanges.     .-Vccording  to  the  form  of  attachment. 

•Translated  from  "Dcr  OeIm<itor. 
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high  pressures.  This  rel'ers  jjriniarily  to  those  designs  in 
which  the  back  wall  of  the  cooling  jai-ket  is  formed  by  a 
cover  bolted  on  (Fig.  4)  aiul  where  consequently  the 
springing  cylinder  head  is  iinsu])iHirted  liy  the  cooling 
jacket. 

In  order  to  resist  such  effects,  which  sooner  or  later, 
cither  by  accidental  strains  or  by  fatigue  of  the  material, 
must  lead  to  fractures  of  the  inner  combustion  chanii)er, 
it  is  important  to  nuike  the  front  wall  so  strong  that, 
even  when  the  core  is  displaced,  the  weakest  part  will 
withstand  breakage.  Also,  it  should  l)e  sufficiently  rigid 
so  that  the  ela.stic  flexures  undergone  at  every  impulse, 
will  l)e  as  small  as  possible;  these  results  to  be  accom- 
plished without  depending  upon  the  cooling  jacket  to 
sustain  the  tensile  forces  and  without  greatly  alTccting 
the  cooling  operation  by  inordinate  thickness  of  the  cyl- 
inder-head wall.  This  requirement  is  be.st  filled  by  sup- 
porting ribs  which  connect  the  outer  part  of  the  head 
with  the  cooling  jacket.    See  Figs.  1,  3  and  :!. 

Besides  the  formation  of  such  cracks  in  the  inner  com- 
bustion ehamher.  attributable  to  defective  material  or  to 
faulty  stifTness  of  the  bend,  cracks  very  often  are  found 
in  the  seats  of  exhaust  valves.     This  happens  more   frc- 
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queutly  in  gas  engines;  than  in  oil  engines,  due  very  often 
to  neglected  and  corroded  valves  and  seats  which  have 
been  working  with  dirty  producer  gas. 

It  is  very  essential  that  there  be  a  uniform  distribution 
of  material  about  the  exhaust-valve  seat  and  also  the 
greatest  possible  effect  of  the  cooling  water  on  the  seat 
from  the  outside.  The  latter  point  requires  that  the 
walls  shall  not  be  too  thick  and  further,  in  large  engines, 
that  there  shall  be  a  maximum  withdrawal  of  heat  from 
the  exhaust-valve  cone  by  a  well  cooled  valve-stem  guide 
bushing,  or  for  large  cylinder  heads,  by  au  independently 
cooled  exhaust  valve. 

More  numerous  and  harder  to  avoid  than  defects  of 
the  inner  combustion  chamber,  are  cracks  in  the  water 
jacket,  especially  of  constant-pressure  horizontal  engines. 
Undoubtedly  the  cracks  are  generally  caused  by  expan- 
sion of  the  combustion  chamber.  The  heat  of  combus- 
tion which  strikes  the  inner  chamber  of  the  cylinder  head 
at  each  impulse,  expands  it,  while  the  water-jacket  tem- 
perature remains  comparatively  low  and  the  combustion 
chamber  tends  to  distort  the  w^ater  jacket  at  the  place 
where  it  is  attached.  Thus  tensile  and  bending  stresses 
and  transverse  forces  arise  in  the  outer  jacket  and  lead 
to  cracks,  and  the  properties  of  cast  iron  are  very  ill 
suited  to  sustaining  such  stresses.  Moreover,  strains  of 
unknown  magnitude  and  form  remain  in  the  casting  from 
the  foundry. 

Therefore,  to  prevent  subsequent  cracking  in  service, 
by  relieving  the  casting  strains,  it  is  necessary  that  cylin- 
der heads  of  horizontal  motors  should  be  annealed,  as  has 
long  been  the  practice  with  vertical  ones. 

Of  transcendent  influence,  however,  is  the  question  of 
design.  This  must,  at  the  start,  eliminate  all  connections 
between  combustion  chamber  and  cooling  jacket  that  are 
not  absolutely  indispensable.  Furthermore,  the  lever  arm 
of  flexure — the  distance  between  the  jacket  and  the  com- 
bustion chamber — should  be  as  great  as  possible  in  order 
that  the  change  of  form  may  be  a  minimum.  Care  must 
also  be  taken  that  the  joint  flange  contains  no  large 
masses  of  material  and  is  as  thoj'oughly  cooled  as  pos- 
sible. 

This  last  point  is  often  neglected,  but  it  is  easy  to 
]ierceive  that  if  the  thick,  and  only  slightly  cooled,  joint 
flange  expands  under  the  higher  temperature  more  than 
the  jacket  to  which  it  is  connected,  it  must  loosen  and 
crack  at  the  joint,  as  is  evidenced  by  the  fact  that  cracks 
of  the  jacket  almost  always  occur  close  along  the  flange. 
At  this  place  the  axial  effects  of  the  external  forces  and 
of  the  inner  tensions,  with  the  radial  stresses  at  the 
flange,  are,  to  a  certain  extent,  accumulated  to  form  very 
considerable  main  stresses.  It  is  also  important  to  avoid 
abrupt  transitions  between  the  jacket  and  flange  and 
further  to  provide  a  minimum  distance  between  packing 
surfaces  and  the  bolt  circle. 

This  last  condition  is  usually  hard  to  meet  simultane- 
ously with  the  others,  since  the  packing  surface  must 
naturally  be  as  near  as  possible  to  the  combustion  cham- 
ber in  order  that  the  load  on  the  studs  shall  not  be  too 
heavy.  This,  however,  for  a  large  jacket  diameter,  neces- 
sitates an  increased  distance  from  the  bolt  circle,  which, 
when  using  thick  flange  bolts,  results  in  an  inordinate 
stress  on  the  jacket  when  they  are  screwed  up  hard. 

If  all  conditions  are  to  be  complied  with  as  well  as 
possible,  then,  after  the  pattern  of  vertical  motors,  the 
jacket  should  be  increased  to  the  flange  diameter  and  the 


strong  studs  should  pass  through  the  inside  of  it,  as  in 
Fig.  3.  This  expedient  has  the  advantage  that  the  jacket 
ran  be  held  together  very  firmly  by  the  tension  of  the 
studs. 

Cylinder  heads  of  this  form,  while  retaining  the  well 
proved  conaxial  position  of  inlet  and  outlet  valves,  have 
lately  been  employed  on  horizontal  Diesel  motors  of  the 
Erfurter  Maschineufabrik  Franz  Beyer  &  Co.,  of  Erfurt. 
(rermany,  and  it  may  be  assumed  that  this  design,  which 
had  already  been  tried  on  small  Deutz  gas  engines,  will 
also  be  justified  for  horizontal   Diesel  motors. 


The  Warwill  Producer 

By  JAitKS  A.   Si;.\uKi! 

With  the  usual  suction-gas  plant  in  which  a  firebrick 
lining  is  used,  trouble  frequently  arises  in  connection  with 
the  lining,  and  the  efforts  of  the  manufacturers  lia\e 
been    to   make   the   lining   as   homogeneous   as   possible. 


Waier  Supply 


SliCTIOX     THROUGH     PRODUCER     AND     SCRUBBEK 

Moreover,  after  running  the  producer  for  some  hours,  the 
lining,  in  direct  contact  with  the  fire,  is  apt  to  become 
partly  fused  and  form  clinker,  decreasing  the  gas-making 
area  and  preventing  the  plant  from  working  at  its  full 
capacity.  Hence  a  type  of  generator  which  does  not 
depend  upon  a  firebrick  lining  deserves  attention.  This  is 
not  new  and  untried,  but  has  stood  rigorous  tests  both  as 
regards  efficiency  and  life.  Such  a  producer  is  built  by 
the  Warwill  Engineering  Works  of  Abertillery,  Eng., 
;ind,  although  employing  the  same  principles  as  adopted 
in  most  gas  plants,  embodies  some  unusual  features  of 
<  onstruction,  which  are  illustrated  in  Fig.  1. 

The  furnace  lining  is  of  cast  iron,  entirely  surrounded 
l)y  a  water  jacket,  which  also  forms  the  vaporizer.  This, 
besides  serving  to  supply  the  necessary  steam,  also  keeps 
the  temperature  of  the  lining  sufficiently  low  to  prevent 
the  adhesion  of  clinker.  Moreover,  since  the  lining  is  of 
cast  iron,  and  is  always  kept  at  a  comparatively  low  tem- 
])erature,  it  does  not  burn  away,  thus  minimizing  repairs 
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and  renewals.  A  further  point  ul  iniportam-e  is  that  air 
leaks  are  practically  elimiiiatecl. 

In  order  to  secure  so  far  as  possil)le  conlinuous  work- 
ing, even  iu  the  smallest  sizes  of  jjlants,  the  makers 
employ  a  movable  cage  into  which  all  clinker  gravitates 
and  is  removed  through  the  door  of  the  generator.  This 
has  the  effect  that  the  fire  is  always  kept  clean  and  bright ; 
an  essential  feature  iu  plants  that  are  reijuired  to  run 
continuously  for  long  periods. 

Eeference  to  the  illustration  shows  that  some  radical 
differences  exist  between  this  type  and  some  of  the  more 
common  forms  as  regards  the  scrubber.  Iu  the  ordinary 
coke-packed  scruijber  there  is  a  tendency  for  the  inter- 
stices to  become  filled  with  foreign  matter,  such  as  grit, 
dust,  particles  of  tar,  etc.,  and  the  coke  has  to  be  renewed 
at  frequent  intervals,  often  iuvolviug  stoppage  of  the 
plant.  Moreover,  about  60  per  cent,  of  the  volume  of  the 
scrubber  is  taken  up  by  the  coke  itself,  the  remainder, 
less  than  oue-half  the  total  capacity,  being  available  as 
gas  space.  The  resistance  offered  by  the  coke-packed 
scrubber  is  never  uuiform,  but  is  continually  increasing, 
owing  to  the  accumulatiou  of  dirt  and  dust  on  the  sur- 
face of  the  coke.  Frequently,  owing  to  the  presence  of 
free  ammonia  and  sulphur  compounds,  the  odors  arising 
from  coke  scrubbers  have  been  found  objectionable. 

The  scrubber  is  arranged  in  a  series  of  water  seals,  kept 
in  constant  agitation  by  the  suction  of  the  engine,  and  in 
this  way  the  impurities  taken  from  the  gas  are  not  alloweo 
to  deposit  in  the  scrubber,  but  are  washed  from  each 
division  into  the  one  immediately  below  it,  until  eventu- 
ally by  means  of  the  overflow  they  leave  the  scrubber. 

The  plant  throughout  is  made  of  a  special  mixture  of 
cast  iron,  the  uncombined  carbon  of  which  is  found  to 
resist  corrosion  much  better  than  the  combined  carbon 
of  mild  .steel.  Both  the  scrubber  and  generator  are  built 
in  short  sections,  and  occupy  very  little  ground  space. 

Up  to  the  present  the  average  life  of  the  Warwill  plant 
lias  not  been  determined.  Whether  the  makers  can  fur- 
nish any  information  on  this  jioint  remains  to  be  .seen,  but 
it  is  stated  that  there  are  ])liuits  working  today  which 
were  erected  the  latter  part  of  l!)ii7,  and  have  not  iici'dcd 
extensive  repairs  or  renewals. 


Cleaning  Blast- Furnace  Gas 


* 


i'.v   Ki;i:n  11.  Wacxki: 


With  Jiractically  the  same  character  of  ajijJaratus — lirst, 
dry-dust  cleaners;  second,  some  sort  of  .static  towers  like 
the  Czchokke  or  Steinhardt,  and,  finally,  the  Tiieiseii 
washer,  the  cost  of  the  final  cleaning  varies  between  15 
and  C,->v.  per  100,000  cu.ft.  of  blast-furnace  gas  cleaned, 
fliis  being  ba.sed  on  $10  per  1  .ooo.OOO  gal.  of  water  and 
one  cent  ])er  kilowatt-liour.  Why  such  discrepancies 
should  exist  is  difficult  to  exitlaiii.  For  instance,  at  one 
of  the  corporation  plants,  the  final  ileaiiing,  based  on 
100,000  cu.ft.  of  gas  cosfs  file,  at  another  47r.,  a  third 
'2of>..  at  another  20c.  and  at  still  anntlier  15c. 

l^fr.  Sampson  mentioned  tliat  some  new  a])parafiis, 
wliirh  is  along  the  lino  of  mechanical  disintegrators, 
claimed  to  use  about  20  gal.  of  water  per  100,000  cu.ft. 


•niscusBlon  of  Mr.  Sampson's  paper  on  "Opprntlnf?  flas  En- 
gines tJslnsr  Blast-Furnace  Gas."  which  was  presented  at  the 
sprlne  meeting  of  the  A.  S  M.  K.  and  printed  In  abstract  In 
last  week's  issue. 


(if  gas,  for  the  whole  cleaning  process,  and  in  operate  on 
less  power  than  the  Theisen  washers  Me  also  slated  that 
with  the  present  process  from  90  to  100  gal.  are  used 
for  the  entire  cleaning  process.  Besides  the  Theisen 
washer  mentioned  by  Mr.  Sampson,  there  are  two  others, 
which  are  attracting  a  great  deal  of  attention  in  Europe 
in  connection  with  this  process,  namely,  the  Schwari 
washer  and  the  Feld  washer.  These  both  require  less 
power  than  the  Theisen  washer,  but  the  Feld  requires 
i-oiisiderably  less  power  than  the  Schwarz. 

7\t  The  blast  furnaces  iu  Donawitz,  where  1,600,000 
lu.ft.  of  gas  is  treated  per  hour,  the  total  power  with  the 
Schwarz  washers  amounts  to  from  124  to  128  hp.  At  the 
l)la.st  furnaces  in  Pompey,  France,  of  the  same  capacity, 
the  Feld  wa.shers  use  from  50  to  5.5  hp. ;  this  power  in- 
cludes that  necessary  for  the  exhausters. 

Each  section  of  the  Feld  washer  contains  a  series  of 
jjerforated  truncated  cones,  the  lower  ends  dipping  into 
the  water,  and  by  the  revolving  of  these  cones,  giving  a 
peripheral  speed  of  1600  ft.  per  min.,  the  water  is  carried 
up  inside  the  cones  and  hurled  out  of  the  jierforations  in 
a  finely  divided  spray. 

In  the  blast-furnace  plant  at  Pompey,  France,  where 
the  Feld  washers  are  also  in  use  for  cleaning  bla.st-fur- 
nace  gas  for  gas-engine  purposes,  prior  to  the  u.se  of  the 
Feld  washers,  it  was  necessary  to  open  the  valve  chests 
on  the  engines  about  once  every  ten  days  and  remove 
the  accumulated  dust;  since  the  installation  of  the  Feld 
system,  it  has  only  become  necessary  to  open  the  valve 
chests  about  once  every  three  months.  These  washers  have 
been  in  continuous  operation  for  about  30  months  without 
a  sliutdown  for  cleaning  or  repairs — the  washers  being 
self-cleaning,  the  water  carrying  the  dust,  leaves  th" 
washer  in  the  form  of  thin  mud,  which  is  easily  handled 
by  centrifugal  pumps. 

Gas-Engine    Piston  Troubles 

licccntly  the  writer  was  called  in  to  cxaniir.c  n  gas 
engine  of  the  horizontal  type,  which  the  operator  said 
was  trying  to  knock  its  cylinder  head  out.  ll  was  fouinl 
when  opening  up  the  cylinder  that  the  rings  were  kcjit  in 
place  by  an  ordinary  junk  ring  held  by  eight  ~s-in. 
studs,  one  of  which  had  dropped  out,  and  had  been 
pounded  to  jiicces.  This  had  driven  one  of  the  otliir 
studs  into  the  junk  plate,  splitting  it  and  breaking  out  a 
large  piece. 

As  this  engine  ran  a  small  mill,  it  was  necessary  to 
have  it  running  at  the  earliest  moment.  We  obtained  a 
spare  junk  ring  from  the  makers,  which  had  to  have  all  the 
holes  plugged  and  fresh  ones  drilled.  Wlicn  it  came  to 
jiutting  the  junk  back,  it  was  found  that  all  the  studs 
were  loose  in  tlie  piston  head,  and  as  one  could  not  he  ob- 
(ained  locally,  as  a  last  resort  they  were  diiijied  into 
thick  boiled  oil,  which  kept  them  tight  until  the  arrival 
of  a  new  set,  when,  judging  from  the  trouble  in  rciiiov- 
ing,  they  W(nild  have  lasted  much  longer. 

From  observations  on  a  number  of  gas-engine  ])istons 
fitted  with  junk  plates,  the  writer  has  found  a  tendency 
for  the  screws  to  work  loose,  wliich.  after  all,  is  not  to  be 
wondered  at  when  the  great  changes  in  temperature  are 
taken  into  account.     This  refers  to  noncooled  pi.stons. 

E.  RussuLL  PiancE. 

TTochdale.  EiiL'laiid. 
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Rates  and  Regulations   for  Central- 
Station    Hot-Water   Heating 

In  its  controversy  with  the  Toledo  Railway  &  Light 
Co.,  the  public  service  commission  of  Ohio  has  issued  an 
important  decision  prescribing  rules  for  determining  the 
amount  of  radiation  required,  rates  for  service,  and  the 
spec.iications  to  be  met  in  such  service.  The  new  sched- 
■u!e  issued  by  the  commission  is  to  go  into  effect  Sept.  15, 
1913,  and  should  have  its  influence  on  the  central-station 
heating  industry  in  the  state. 

For  determining  the  square  feet  of  radiation  required 
to  heat  a  building,  the  following  rule  is  to  be  used :  De- 
iermine  the  area  of  the  exposed  walls  in  the  building. 
From  this  subtract  the  area  of  windows  and  door  open- 
ings (frame  measurements).  This  remainder  should  be 
divided  by  the  wall  constant  given  in  Table  1,  and  to  the 
result  should  be  added  the  area  of  window  and  door 
openings    (frame  measurements).     This  sum  should   be 

TABLE  I.     W.\LL  CONST.\.\'TS 

For  j-in.  wall 1 

For  2-in.  wall 2 

For  4-in.  wall 3 

For  6-to9-in.  wall  5 

For  9-to  10-in.  W.1II  7 

For  13-to  27-in.  wall  .                                                     8 

TABLE  2.     TE.MPER.\TLRE  CON.STA.\"T.S 

For  65  deg.  F 0,0075 

For  70  deg.  F 0.0082 

For  73  deg.  F 0.009 

multiplied  by  75,  and  to  this  result  should  be  added  the 
cubic  contents  of  the  room.  Multiplying  the  sum  last 
obtained  by  the  temperature  constant  given  in  Table  2, 
will  give  the  square  feet  of  cast-iron  radiation  reqttired 
to  heat  0  building  of  good  construction.  Any  room  or 
space  hfiving  an  opening  which  may  communicate  with 
the  rooms  to  be  heated  must  be  included  in  the  measure- 
ment for  space  heated,  whether  radiation  be  installed  or 
not. 

The  rule  is  for  ideal  conditions  and  to  the  radiation 
requirement  determined  by  its  use,  there  must  be  added 
a  percentage  to  provide  for  exposed  locations,  bad  con- 
struction, insufficient  or  improper  repairs  and  other  con- 
ditions which  would  make  the  minimum  radiation  re- 
quirement inadequate  to  kee])  the  building  comfortably 
warm.  For  the.se  conditions  which  cannot  be  ascertained 
by  general  rule  add  from  5  to  85  per  cent,  to  the  mini- 
mum for  ideal  conditions. 

It  is  specified  that  the  heating  company  must  furnish 
hot  water  in  sufficient  quantity  to  heat  the  building  to 
a  temperature  of  70  deg.  F.  in  the  coldest  weather,  pro- 
vided that  sufficient  radiation  be  installed  by  the  con- 
sumer to  maintain  the  desired  temperature.  Evidence 
of  the  sufficiency  of  the  quantity  of  water  shall  be  that  the 
temperature  of  the  hot  water  has  not  dropped  more  than 
30  deg.  F.  while  passing  through  the  consumer's  heating 
system,  as  shown  by  not  less  than  four  tests  taken  15  min. 
apart  in  succession,  the  tests  to  be  made  at  the  point  of 
entrance  of  service  to  the  building. 

Surface  area   of  all   hot-water   pipes   installed   in  the 


liasement  or  elsewhere  not  included  in  the  measurement 
for  radiation  will  be  charged  for  as  radiation,  unless 
covered  with  at  least  1-in.  covering.  The  following  rates 
were  ordered  to  be  put  into  effect: 


Amount  of  Radiation 
Installed 

0  to  500 
500  to  2000 
2000  to  5000 
5000  or  over 


Cost  of  Radiation  per 
Season,  per  Sq.Ft. 
$0.20 
0.1888 
0.1777 
0. 1660 


For  indirccl  radiation  40  per  cent,  of  liic  ai)ove  rates  are 
to  be  added. 

Efficiency  of  Underground  Steam 
Mains 

In  a  paper  read  before  the  annual  meeting  of  the  Engi- 
neering Society  of  the  American  District  Steam  Co., 
Byron  T.  Gilford  defined  the  efficiency  of  a  pipe  covering 
as  the  percentage  of  heat  saved  by  using  the  covering. 
For  example,  90  per  cent,  efficiency  would  mean  that  thc 
covering  saved  90  per  cent,  of  the  heat  lost  by  the  bare 
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—  Hundredths  of  a  Pound  of  Steam 

Po^tn         Difference  in  Line  Loss  per  Square  Foot  of 
Underground  Main  Surface  per  Hour 

Value  of  Efficient  Insulation 

pipe.  The  line  loss  in  underground  steam  mains  varies 
from  0.4  Hi.  or  less  of  sieam  per  square  foot  of  pipe  sur- 
face per  hour  in  the  most  efficient  construction  to  0.14  lb. 
or  more  per  square  foot  of  surface  with  insulation  of  in- 
ferior quality. 

To  show  the  advantage  of  more  efficient  covering,  tii? 
author  took  a  concrete  case  with  the  following  assump- 
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tions:  Square  feet  of  surface  in  the  mains  and  services, 
13,423;  capacity  in  pounds  of  steam  per  liour,  30,000; 
average  selling  rate  per  thousand  pounds  of  steam,  55c.; 
hours  in  heating  season  from  Oct.  1  to  June  1,  5832. 

The  accompauA'ing  table  gives  the  pounds  of  steam  re- 
quired per  season  for  the  system  outlined  above,  with  in- 
sulation of  different  qualities  covering  the  piping: 

Insu-  Pounds  Steam         Line  Loss 


lat 

on 

per  Season 

in  Dollars 

No 

1  Line  loss  at  0 .  04 

= 

3.131,316 

$939 

No 

2  Line  loss  at  0.05 

= 

3,914,147 

1173 

No 

3  Line  loss  at  0 .  06 

= 

4,696,874 

1409 

No 

4  Line  loss  at  0  07 

= 

5,479,806 

1644 

No 

5  Line  loss  at  0  08 

= 

6.262,632 

1879 

No 

6  Line  loss  at  0 .  09 

= 

7,045,463 

2113 

No 

7  Line  loss  at  0  10 

= 

7,S2S,294 

2348 

No 

S  Line  loss  at  0 .  U 

= 

8,611,021 

2583 

No 

9  Line  loss  at  0 .  12 

= 

9,393,748 

2818 

No. 

10  Line  loss  at  0  13 

= 

10,176,680 

3033 

No. 

11  Line  loss  at  0  14 

= 

10,9.59,612 

3288 

The  line  loss  in  dollars  given  in  this  table  was  com- 
puted on  a  basis  of  30c.  per  1000  lb.  as  the  generating 
cost  of  the  steam.  From  these  data  it  is  easy  to  compare 
the  saving  of  one  insulation  over  the  other,  for  example, 
by  using  Xo.  1  instead  of  Xo.  8  a  saving  in  line  loss  of 
$1644  will  be  effected. 

It  is  generally  recognized  that  a  good  pipe  line  will  last 
about  20  years,  so  that  for  depreciation  31/2  per  ceni. 
(sinking  fund)  of  the  investment  would  be  charged.  Al- 
lowing 5  per  cent,  for  interest  it  is  plain  that  a  fixed 
charge  of  8i,'2  per  cent,  on  the  investment  must  be  paid 
every  year.  To  calculate  the  amount  it  would  be  ad- 
visable to  spend  for  efficient  covering  the  fLxed  charges 
(interest  and  depreciation)  on  the  additional  investment 
should  be  compared  with  the  decreased  income  due  to 
greater  line  loss.  By  using  Xo.  1  instead  of  Xo.  8,  the 
insulation  will  save  $1644  per  year.  This  is  8^^  per 
cent,  of  $19,341.20  and  anyone  would  be  justified  in  pay- 
ing this  additional  sum  for  the  13,423  .sq.ft.  of  under- 
ground pipe  surface,  that  is,  Xo.  1  insulation  on  the  pip- 
ing is  worth  $19,341  more  than  Xo.  8  insulation. 

Under  these  conditions  the  eventual  saving  per  square 
foot  of  surface  is 

*19,341        ,,    ,, 

Tlie  line  loss  for  Xo.  1  insulation  is  0.04  lb.  .steam  per 
square  foot  per  hour,  the  line  loss  for  Xo.  8  is  0.11,  mak- 
ing a  difference  in  line  loss  of  0.07  lb.  of  steam  per  square 
foot  per  hour.  For  each  0.01  lb.  of  steam  it  is  then  pos- 
sible to  save  per  square  foot  of  surface  per  hour,  $144  -=- 
7  =  20.6c.  Calling  this  figure  21,  it  is  not  difficult  to 
properly  cla.«sify  and  value  different  styles  of  insulation. 
Take,  for  example,  1000  ft.  of  8-in.  line.  To  compare 
two  insulations,  one  with  a  line  loss  of  0.05  lb.  per  iir, 
and  one  with  a  line  loss  of  0.14  lb.  per  hr.,  the  difference 
being  0.09  lb.,  the  following  expri'ssion  may  be  used: 

/(  X  s  X  I^  X  21c. 
where 

II  =  Ilundrcdtlis  nf  ])(ninds  nf  steam  lost  per  square 

foot  : 
.<(  =  Surface  of  the  ])i|i('  ]ii'r 
L  =  Length  of  line  ; 
21c.  =  Constant  based  on  3<)c, 
.■)H32  hr.  per  sea.>ioii. 
Substitnting  in  this  formula  tlic 
^mf)lc  gives: 

9   X   2.25   X    1000   X   21    =  $4252..')0 
This  shows  that  $1.25  per  lineal   foot  of  8-in.  line  in 
the  increased  value  of  the  more  efficient  insulation.     The 


lineal  foot  : 

j.er  1000  lb.  of  steam, 

values  in  the  above  ex- 


accompanying  chart,  which  shows  the  value  of  efficieot  in- 
sulation on  pipes  of  different  diameters,  was  based  upon 
this  formula.  As  an  example  in  the  use  of  the  chart,  take 
a  12-in.  pipe  line  when  the  difference  in  efficiency  i.s  0.08 
lb.  of  steam  per  hour.  Find  8  on  the  horizontal  scale  and 
follow  this  line  up  to  the  12-iu.  line,  tiien  follow  hori- 
zontally to  the  left  and  fmd  that  the  difference  in  value 
is  $5.61  per  lineal  foot. 

Coal  Required  for  Heating 

In  the  issue  of  Apr.  15,  W.  L.  Durand  gave  a  preferred 
rule  for  estimating  the  amount  of  coal  required  during 
the  heating  season,  and  also  made  some  objections  to  three 
rules  used  in  Xew  York  City  for  the  same  purpose.  Mr. 
Durand  showed  that  for  pea  coal  of  12,000  B.t.u.,  78.75, 
or  practically  80,  lb.  per  sq.ft.  of  radiating  surface  per 
season  would  be  required.  The  three  rules  to  whi^h  he 
'objected  were  as  follows: 

1.  Grate  area  multiplied  by  4-i  equals  tons  of  coal 
burned  per  season. 

2.  Each  cubic  foot  of  contents  irill  require  0.9  lb.  of 
coal  per  heating  season. 


3. 


Exposed  wall  .mi- face 


4.0 


+  2  X  (ilass  surface 


=  tons  of  riial  jier  Iicatint/  season 

Some  interesting  data  bearing  on  tlicse  rules  have  been 
submitted  by  the  engineer  of  a  large" department  store  in 
Chicago.  The  building  has  a  contents  of  18,000,000  cu.ft., 
a  wall  surface,  exclusive  of  glass,  of  240,000  sq.ft.,  a  roof 
area  of  99,000  sq.ft.,  and  a  glass  surface  of  240,000  sq.ft. 
The  building  is  heated  entirely  by  live  steam,  and  is 
equipped  with  160,000  sq.ft.  of  radiation,  which  to  the 
volume  bears  a  ratio  of  1  to  112.5. 

liule  2  allows  0.9  lb.  of  coal  per  cubic  foot.  Thus, 
0.9  X  18,000,000  =  16,200,000  lb.  =  8100  .'thort  tons. 
Averaging  the  five  years  1908  to  1912,  inclusi\e,  the 
actual  coal  consumed  was  7250  tons.  It  should  be  men- 
tioned, however,  that  about  one-sixth  of  the  volume  given 
above  is  in  the  basement  and  sub-basement,  which  re- 
quire less  heat  than  the  space  above  ground.  Assuming 
that  only  50  per  cent,  of  the  heat  per  unit  of  volume  is 
required  and  figuring  the  entire  building  as  above  ground, 
it  would  bring  the  coal  consumption  up  to  7855  tons, 
as  eom])ared  to  the  8100  tons  given  by  the  rule.  As  a 
rough  approximation  the  rule  appears  to  give  results 
very  close  to  the  actual  in  this  jiarticular  ca.se. 

In  Chicago,  a  constant  of  1  lb.  instead  of  0.9  is  often 
used,  and  naturally,  as  it  is  colder  there  than  in  New 
York  City,  and  the  heat  value  of  the  average  coal  is  lower. 

Adding  the  roof  ar(>a  to  the  wall  .surface  of  the  store 

gives  339.000  s(|.fl.:  tiun  substituting  in  Rule  3, 

339, 0(M) 

-    ,   -       +  2  X  240,000 

J.   :^ 

=  5553  tuns 


100 
msiderablv  lowci-  tlian   the 


ncliial  tons  of 


This  vahu 
coal  i)iirned. 

Taking  the  actual  coal  ((insunipl  imi  of  tlie  building  and 
dividing  by  the  square  feet  i<(  radiation,  gives: 
14,5<iO,(iOO 

"TfuiTttirrr 

of  coal  per  square  foot  of  radiation.  'I'bis  is  a  little  higher 
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than  the  78.75  given  by  Mr.  Dnraiid.  Imt  niioht  be  ex- 
pected, due  to  the  colder  climate  and  the  poorer  i[ualit_v 
of  coal  generally  used  in  Chicago. 

A  smdl  factory  building,,  100x11)0  ft.  and  90  ft. 
high,  with  windows  in  the  two  ends  and  the  side  walls 
blank,  used  250  tons,  or  500,000  lb.  of  coal.  The  cubical 
capacity  of  the  building  is  900,000  cu.ft.  By  Rule  2  it 
wotild  require  405  tons,  and  by  Rule  3,  235  tons  of  coal, 
the  latter  being  nearly  correct. 

From  the  foregoing  it  would  appear  that  Rule  2  is  cor- 
rect for  large  buildings  and  incorrect  for  small  struc- 
tures; while  Rule  3  is  Just  the  reverse.  It  must  be  borne 
in  mind,  however,  that  the  contributor  who  sent  in  the 
above  data  has  taken  two  buildings  representing  extreme 
eases  and  they  may  be  the  proverbial  exceptions  that 
prove  the  rule. 

The  figures  given  are  averages  and  not  absolutely  cor- 
rect. It  would  be  interesting  to  hear  from  other  readers 
of  PowEE  as  to  how  these  rules  check  with  results  ob- 
tained in  their  ])lant.-. 

Live-Steam  Connections  to  Exhaust- 
Steam  Heating  System 

The  Apr.  15  isstie  of  Poweu  contained  an  article  by 
Charles  H.  Bromley  entitled,  "Some  Troubles  of  Steam- 
Heating  Systems."  In  the  second  paragraph  the  author 
suggests  a  method  of  connecting  the  live-  and  exhaust- 
steam  mains  to  avoid  excessive  use  of  live  steam  for  heat- 
ing. I  overcame  the  same  trouble  in  another  manner 
which  I  believe  simpler  and  more  economical. 

The  .system,  using  exhaust  steam  at  14  lb.  prcssuic  was 


Pii 


1.    Typiiat.    (oxxici  tjoxs    hktwhkn    Live-Steam 
Hi;ai]N(;   Mains   and   Exhaust 


installed  in  a  six-story  and  basement  factory  building, 
the  live  and  exhaust  mains  being  horizontal  were  installed 
on  the  third  floor  of  the  building,  extending  around  on 
all  four  sides  near  the  walls  and  hard  against  the  floor 
beams.  From  the  exhaust  main  vertical  risers  were  run 
to  the  upper  and  lower  floors  to  ordinary  pipe  coils,  each 
coil  being  controlled  by  a  valve  between  the  riser  and  coil. 
The  returns  were  connected  to  a  common  riser,  one  on 
each  side  of  the  building  and  these  in  turn  were  con- 
nected to  a  horizontal  return  in  the  basement  and  this 
connected  to  the  feed-water  heater. 

The  live-steam  main.  1 14  in.  in  diameter,  was  located 


alongside  of  the  exhaust  main,  as  shown  in  the  accom- 
panying sketches.  The  feature  is  the  connection  be- 
tween the  live  and  exhaust  mains,  as  shown  in  Fig.  1. 
The  connections  are  y2-in.  pipe  bends,  with  valves  located, 
as  shown,  to  control  the  flow  of  steam. 

This  arrangement  admits  no  live  steam  into  the  ex- 
haust main,  except  when  desired,  and  gives  control  of  tlir 


•>XHArsT  ^Iaiv 


steam  so  that  it  can  be  directed  to  any  coil  or  coils  in  the 
system  independently  of  all  other  coils. 

An  additional  feature  of  the  live-steam  main  consists 
of  a  loop  or  pipe  bend,  as  shown  in  Fig.  2.  This  allows 
for  expansion  without  an  expansion  joint  and  also  obviates 
water-hammer.  The  method  of  hanging  the  live-steam 
pipe  to  the  exhaust  main  is  also  shown  in  this  sketch. 

This  system  has  been  in  constant  use  for  more  than  six 
months  and  is  gi\iiig  perfect  service. 

B.   1{.  Lkeds. 

Philadelphia.  Pcnn. 

Commission  Control  of  Public  Utilities 

Satisfactory  rates  and  good  service  would  be  the  rule 
if  all  utilities  held  the  same  views  as  D.  L.  Gaskill.  Fol- 
lowing are  a  few  paragraphs  from  his  paper  read  before 
the  Xational  District  Heating  Association,  at  Indianap- 
olis : 

■'The  State  Utility  Commission,  api)ointed  by  the 
highest  power  of  the  state,  with  jurisdiction  over  the 
wb(de  of  the  state,  opened  up  the  way  for  the  solution 
of  the  trouble  between  the  people  and  the  utility.  After 
a  few  years'  experience  with  the  state  commissions  when 
they  have  been  given  ample  funds  and  power,  most  of  the 
ill  feeling  and  distrust  existing  between  the  utility  and 
the  public  has  disappeared  and  a  feeling  of  cooperation 
and  confidence  has  taken  its  place. 

"Under  the  so  called  home  rule  doctrine  that  is  being 
put  forward  in  some  states  as  a  progressive  step,  the 
value  of  utility  control  is  in  grave  danger  of  being  de- 
stroyed. Local  control  of  utilities  will  have  neither  the 
power  nor  knowledge  to  prevent  duplication  of  plants  and 
will  be  generally  subject  to  the  popular  but  false  idea 
that  competition  in  utility  service  brings  low  prices. 
Where  there  is  state  utility  control,  sufficiently  compli- 
cated to  draw  broad-minded  men  to  its  service,  such  er- 
rors would  not  be  permitted. 

"Under  intelligent  state  control,  we  may  ex])ect  event- 
ually to  have  all  the  intricate  problems  of  utility  man- 
asrement  worked  out  to  a  standard. 
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Government  Plants 

The  government  is  showing  increasing  interest  in  the 
central-station  and  the  isolated-plant  question.  Secretary 
of  the  Treasury  McAdoo  has  awarded  the  contract  for  an 
installation  to  furnish  heat,  light  and  power  for  the  fed- 
eral building  in  Chicago,  in  which  the  post  office  is  lo- 
cated. This  is  a  consequence  of  an  expert  investigation, 
which  revealed  that  a  saving  of  ten  thousand  dollars  a 
year  to  the  government  was  possible.  It  is  a  source  of 
gratification  that  the  central  station,  which  had  been  sup- 
plying the  current  for  light  and  power,  could  not  Itold  the 
business  even  by  offering  a  rate  far  lielow  what  it  is  charg- 
ing other  Chicago  consumers  and  wielding  all  the  political 
influence  it  could  bring  to  bear. 

The  success  and  economy  of  the  plants  already  in  use 
in  government  buildings  seems  to  have  decided  the  Secre- 
tary to  extend  the  system  of  government  plants  to  other 
large  structures.  If  this  is  so,  the  State  House  in  Tren- 
ton deserves  attention.  There  a  plant  nearly  large  enough 
to  run  the  building  remains  idle  with  all  the  standing 
charges  against  it,  and  men  enough  to  run  it  are  employed 
to  run  tlie  boilers  for  heating  and  nearly,  if  not  quite, 
coal  enough  to  run  it  is  burned  under  the  heating  boil- 
ers, while  the  State  of  Xew  Jersey  pays  the  Public  Service 
Corporation  six  cents  a  kilowatt-hour  for  current. 


C>olliery   Boiler  Plants 

While  there  are  .some  exceptions,  the  power  plants  of 
most  collieries  do  not  compare  favorably  with  those  found 
operating  manufacturing  establishments.  This  applies 
particularly  to  the  boiler  room  where  operating  conditions 
are  far  from  ideal.  Many  such  installations  are  very  dirty 
with  coal  strewn  thickly  over  the  floor  and  ashpits  nearly 
full  of  ashes.  Wlien  the  ashpit  is  cleaned  out,  but  scant 
attempt  is  made  to  prevent  mixing  good  coal  with  the 
ashes  and  throwing  all  out  together.  Then,  again,  neglect 
is  indicated  by  the  cracked  condition  of  the  boiler  .settings, 
especially  where  return-tubular  boilers  are  used,  and  by 
badly  crai-ked  furnace  fronts  and  warped  fire-doors.  Many 
of  the  latter  are  so  out  of  shape  that  it  is  impossible  to 
shut  them  tightly. 

Leakage  of  air  through  the  cracked  iioiler  setting  into 
the  combustion  chamber  and  an  excessive  amount  of  air 
leakage  past  the  furnace  doors  above  the  fires  produces 
but  one  result,  improper  combustion. 

If  the  exteriors  of  the  boilers  sliuw  neglect,  it  is  natural 
to  as.sume  that  the  interiors  are  im  better,  and,  if  .so,  many 
of  them  are  evidently  operating  inuler  dangerou.'s  condi- 
tions. The  few  colliery  plant<  operating  without  this 
neglect  of  economy  and  safety,  for  some  are  kept  dean 
and  ordcrlv.  liv  contrast,  reflect  tlie  greater  discredit  on 
the  rest. 

Reasons  for  this  state  of  affairs  are  cheap  coal,  indiffer- 
ence, ignorance  and  lack  of  opportunity.    The  first  three 


proliably  ha\e  much  more  to  do  with  tlie  effect  than  the 
last  named. 

None  of  these  reasons  is  sufficient  to  excuse  the  iiitu- 
ation.  Even  if  the  coal  is  cheap,  it  is  worth  as  much  in 
the  plant  coal  bin  as  on  a  car  ready  for  shipment.  If 
a  ton  of  coal  is  worth  a  dollar  when  readv  for  the  mar- 
ket it  is  worth  a  dollar  in  the  boiler  room.  Every  ton  of 
coal  needlessly  consumed  in  the  boiler  furnace  is  a  dol- 
lar thrown  away. 

Let  a  good  fireman  ask  for  a  ten-cent  increase  in  wage 
and  the  probabilities  are  that  his  request  will  be  refused. 
Let  him  needlessly  waste  a  ton  of  coal  and  nothing  is  said. 

How  do  you  account  for  this  Mr.  Superintendent?  Is 
it  not  hecau,se  the  one  item  will  show-  on  the  operatiijg 
charges  against  the  plant  in  dollars  and  cents,  while  the 
other  is  charged  against  the  plant  operation  as  just  coal? 

An  increase  in  the  selling  price  of  coal  is  maintained 
by  the  mine  operators  as  justifiable,  because  of  the  in- 
creased cost  of  production,  but  has  any  attention  been  given 
to  the  economical  operation  of  the  power  plant,  which 
produces  the  steam  and  power  necessary  as  an  element 
in  economical  production  ?  We  believe  not  in  a  large 
number  of  installations. 

Is  not  the  boiler  plant  left  in  the  hands  of  men  who 
are  coal  handlers  rather  than  men  capable  of  keeping  the 
boilers  in  proper  condition?  Although  neglect  plays  an 
important  part  in  the  conditions  existing  in  so  many  of 
these  mine  plants  it  would  appear  that  ignorance  regard- 
ing boiler  economy  and  safe  ojieration  is  largely  respon- 
sible. 

The  superintendent  of  a  mine  has  enough  to  do  with 
matters  pertaining  to  coal  movement  without  being 
obliged  to  attend  to  boiler  operation.  The  solution  of  the 
problem  would  be  to  place  such  plants  in  charge  of  com- 
petent men,  who  would  be  held  responsible  for  economical 
operation,  and  then  back  them  up  in  their  endeavors  to 
produce  desirahlc  rcsidt>. 

The  Engineer's  Chair 

One  of  our  readers  recently  asked  if  an  engineer's  chair 
was  a  desirable  adjunct  to  an  engiiu^  room  and  questioned 
the  advisability  of  reading  while  on  duty.  It  apjjears 
that  the  management  at  his  plant  had  ordered  the  chair 
ami  tal)le  to  be  removed  and  had  denied  the  eni])loyces 
the  privilege  of  reading  while  on  duty.  As  he  put  it, 
eight  hours  was  a  long  time  to  he  on  foot,  and  besides  tlie 
order  was  a  .serious  reflection  on  tlie  faithful  dischnrge 
of  duty  by  the  staff. 

Our  opinion  would  be  that  it  all  depends  on  the  man, 
and  his  attitude  toward  his  work.  The  efficient,  unin- 
terrupted and  safe  running  of  the  plant  are  the  first  con- 
siderations. The  num  who  is  an  engineer  because  he  Iims 
a  lively  interest  in  his  work  aiul  enjoys  to  the  Tull  "(he 
inner  compensation  whicii  goes  with  duties  well  done"  is 
unlikely  to  abuse  either  the  privilege  of  sitting  down  or 
of  rending  while  on  dtity.    If  he  does  read  it  is  something 
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■which  will  help  him  directly  in  his  work  and  not  the 
latest  cheap  novels  or  copies  of  trashy  periodicals. 
To  keep  up  with  the  times  and  make  himself  more  valu- 
able to  his  employer,  reading  the  current  literature  in 
his  field  is  an  absolute  necessity,  and  whether  he  reads 
some  or  all  of  it  at  the  plant  depends  upon  the  condi- 
tions, the  efficiency  of  his  co-workers  and,  as  we  have 
said  before,  upon  his  own  character  and  disposition. 

In  some  instances  theie  may  be  a  tendency  to  sit  too 
long,  and  this  will  be  apparent  in  the  man  who  has  no 
interest  in  the  plant  beyond  keeping  clear  of  a  shutdown 
or  in  the  man  who  grouches  along  day  by  day  with  one 
eye  on  the  clock  and  the  other  on  his  pay  check  at  the 
end  of  the  month.  Such  an  employee  bears  watching  and 
should  not  be  afforded  facilities  to  make  himself  too  com- 
fortable. In  any  event  he  will  not  do  any  reading  of  the 
right  kind,  and  ten  chances  to  one  will  neglect  his  duties 
anyway. 

He  is  not  the  man  to  be  trusted  in  a  plant  in  any  ca- 
pacity, and  rather  than  to  make  a  ruling  concerning  the 
utilization  of  his  leisure  moments,  it  would  pay  the  com- 
pany to  replace  him  with  a  trustworthy  employee. 


Breakdown-Service  Rates 

Acc'ordiug  to  Tlie  Isolated  Plant,  more  than  one  hun- 
dred owners  of  private  power  plants  have  signed  a  petition 
to  be  presented  to  the  Public  Service  Commission  asking 
that  body  to  fully  investigate  the  existing  rates  of  the 
New  York  Edison  company  for  breakdown  service,  in 
case  the  company  refuses  to  consider  the  question  of  arbi- 
tration. These  owners  have  promised  financial  assistance 
for  carrying  on  a  suit,  if  necessary,  in  an  attempt  to  ob- 
tain a  just  rate  for  such  service. 

Breakdown  service  is  desirable  as  a  safeguard  against 
the  possible  failure  of  the  isolated  plant.  It  is  conceded 
that  a  just  rate  for  such  service  should  be  charged  to 
cover  the  cost  of  installing  the  service,  interest  on  the 
investment  and  for  the  protection  the  service  affords. 

At  the  present  rate  .barged  in  Xew  York  City  the 
users  of  breakdown  service  practically  guarantee  to  use 
thirty  dollars  worth  of  electricity  per  year  for  each  kilo- 
watt of  maximum  demand.  This  means  that  if  the  owner 
of  an  isolated  plant  having  a  maximum  capacity  of  two 
hundred  kilowatts  has  a  central-station  connection  to  his 
switchboard  as  a  precaution  against  shutdowns,  he 
guarantees  to  pay  for  six  thousand  dollars  worth  of  elec- 
trical energy  during  the  year,  no  matter  whether  he  uses 
it  or  not. 

Naturally,  the  central  station  does  not  seek  for  nor 
favor  this  kind  of  service.  It  would  prefer  to  put  the 
isolated  plant  out  of  business.  But  it  is  a  legitimate  ser- 
vice for  the  consumer  to  demand,  and  the  central  station, 
in  its  capacity  as  a  public  tttility  ought  to  furnish  it  at 
a  fair  profit  upon  the  cost  of  its  rendition. 

One  of  the  excuses  for  the  high  rate  demanded  is  that 
the  central  station  must  put  in  a  kilowatt  of  extra  capac- 
ity for  each  kilowatt  of  stand-by  service  which  it  takes 
on,  must  have  extra  boilers,  generating  units  and  help 
ready  to  furnish  all  of  this  current  on  an  instant's  de- 
mand. As  a  matter  of  fact  they  do  no  such  thing.  It  is 
inconceivable  that  every  isolated  plant  having  stand-by 
service  could  break  down  at  the  same  time,  and  at  that 
time  all  be  running  at  their  maximum  capacity.  The  elec- 


tric company  should  not  be  allowed  to  charge  overhead 
costs  upon  more  than  the  actual  reserve  capacity  held  for 
stand-by  service,  and  this  apportioned  upon  the  plants  so 
served.  It  should  be  allowed  a  fair  profit  upon  the  ser- 
vice so  tendered  based  upon  its  actual  cost,  and  it  should 
be  compelled  to  furnish  such  service  at  a  price  which 
would  yield  such  a  profit,  regardless  of  whether  it  wants 
to  or  not. 

Signs  of  the  Times 

Continually  increasing  demands  for  high-grade  power- 
plant  equipment,  capable  of  sustained  high  economy,  have 
caused  builders  of  it  to  make  greater  elforts  than  ever  be- 
fore to  develop  and  perfect  more  economical  apparatus. 

Manufacturers  of  steam  meters  and  feed-water  meters, 
COv  recorders,  recording-pressure  gages,  thermometers, 
pyrometers,  etc.,  have  met  the  demands  of  the  progressive 
engineers,  and  new  devices  for  indicating  and  recording 
operating  data  are  being  developed.  Tube  cleaners  and 
scrapers,  and  feed-water  compounds  and  treating  ap- 
paratus are  finding  more  extensive  application.  The 
practice  of  buying  coal  on  the  basis  of  the  number  of  heat 
units  it  contains  is  spreading. 

These  are  the  external  signs  of  the  times.  They  point 
to  changes  in  the  practice  of  plant  design  and  operalion. 
Originally,  almost  the  only  aim  was  to  keep  the  wheels 
turning.  Now,  however,  with  well  perfected  equipment 
available,  more  care  is  exercised  in  plant  design,  and  low 
operating  cost  takes  precedence  over  low  first  cost  in  the 
average  case. 

The  Lazwell  drainage-pumping  plant,  described  in  this 
issue,  is  a  fair  example  of  the  improvements  in  design.  As 
recent  as  ten  years  ago  it  would  have  been  considered 
foolhardy  to  erect  a  plant  of  this  character  on  a  swamp 
for  the  sole  purpose  of  pumping  "ditch  water."  Almost 
any  kind  of  machinery  was  usually  considered  good 
enough  and  the  cheaper  the  better. 

With  improvements  in  design  come  greater  skill  and 
knowledge  in  operation.  The  raw  materials,  coal  and 
water,  are  better  understood  and  now  it  is  not  uncommon 
to  analyze  them  systematically  to  the  end  that  the  one 
may  be  purchased  and  used  more  satisfactorily  and  the 
other  may  be  suitably  treated  when  needful  to  prevent 
waste  through  incrustation  and  corrosion. 

The  advantages  of  keeping  close  account  of  operating 
economy  are  fast  being  recognized  and  used ;  hence  the 
increasing  demand  for  instruments  and  gages  to  point 
to  bad  symptoms  before  too  great  inroads  have  been  made 
in  the  coal  pile. 

Much  progress  has  been  made  but  much  more  still  re- 
mains to  be  made.  And  a  large  part  of  this  remainder  is 
within  the  province  of  the  operating  man. 

A  metropolitan  daily  commenting  editorially  on  New 
York  City's  smoke  nuisance,  says : 

"The  volume  of  the  nuisance  maintained  by  the  Hall 
of  Records  is  not  so  great  as  that  charged  against  the 
New  York  Edison  Co.,  but  the  smoke-stacks  of  the  latter 
organization  are  greater." 

The  conclusion  reached  is  that  the  more  stacks  the  more 
smoke,  regardless  of  the  amount  and  kind  of  coal  burned, 
the  way  it  is  burned,  and,  in  fact,  whether  or  not  any  at 
all  is  burned!    A  smoke-stack  simply  must  smoke. 
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Why  Do  Boiler  Tubes  Become 
Grooved? 

The  photograph  shows  the  corroded  end  of  a  4-iu. 
tube  taken  from  a  horizontal  tubular  boiler.  Five  tubes 
in  one  boiler  and  two  in  another  were  taken  from  our 
lioilers  recently.  The  corroded  tubes  were  all  most  seri- 
ously afEected  on  top,  the  bottoms  being  Ijut  slightly  cor- 
roded. 

The  groove  in  the  tube  end  shown  was  so  deep  that 
it  penetrated  clear  through  in  one  place.     The  thickness 


Corroded  End  of  Boilkr  Tube 

of  the  tube  at  the  bottom  of  the  groove  is  less  than  V^t 
in. 

It  would  be  of  interest  to  read  discussions  as  to  the 
cause  of  grooves  forming  in  tubes.  It  will  be  understood 
that  the  thickness  of  the  boiler  head  is  y2  in.,  and  that 
the  grooves  form  close  to  the  head  on  the  inside  of  the 
boiler. 

Sydney  Whitaker. 

Granville.  Til. 

Why  Not  a  Higher  Vacuum? 

We  have  an  old-style  engine  running  condensing  and 
the  most  vacuum  we  can  obtain  is  10  in.  The  engine  is 
of  the  double  poppet-valve  type,  16x42  in.,  making  about 
78  r.p.m.,  and  taking  steam  about  %  of  the  stroke.  The 
exhaust  pipe  is  8  in.  in  diameter  and  all  packing  around 
the  rods  seems  to  be  in  good  condition  and  the  exhausi 
line  is  tight.  Recently  wc  rei)a(ked  all  the  tubes  on  both 
ends  of  the  condenser. 

The  condenser  has  320  thrcc-quarter-inch  tubes,  8  ft. 
long,  and  has  a  partition  running  through  the  center. 
The  intake  is  at  the  bottom  and  the  outlet  at  the  top. 
We  liave  three  8-in.  deep-well  jiumps  delivering  water 
to  the  condenser.  The  circulating  water  is  about  58  dog. 
F.  entering,  and  about  !)0  dcg.  leaving  the  condenser. 
Is  tiie  condenser  too  small  ?  Coidd  not  the  intake  of  the 
condenser  lie  on  top  instead  of  on  the  bottom,  and  what 
difTcrenco  would  it  make? 

Rockport,  Ind.  Willi.\m  II.  Shew. 


Vent  Pipe  Prevents  Water-Hammer 
in  Heater 

To  stop  the  annoying  water-hammer  in  a  feed-water 
heater,  I  made  changes  in  the  piping  as  described  below : 

In  the  illustration  A  is  a  sheet-iron  tank  used  as  a 
hotwell,  B  is  the  feed-pump  suction,  C  is  the  overflow  to 
the  sewer,  D  the  makeup-water  line,  and  E  is  the  return 
main  from  a  pair  of  dryers.  Originally  cold  water  was 
used  as  makeup  water  and  the  noise  resulting  from  its 
use  was  intolerable.  I  changed  the  cold-water  connection 
D,  so  as  to  feed  hot  water  to  the  tank.  This  stopped  the 
noise  some,  but  not  entirely,  so  I  got  after  it  again  and 
put  a  5-ft.  length  of  3-in.  pipe  F  in  the  tee  in  the  return 
main  E,  and  reduced  to  11^4  in.  to  vent  it  Ijack  into  the 


Text  i.\  Heater  to  Pretext  Water-Hajimer 

tank.  There  is  very  little  noise  now,  as  the  .steam  that  i? 
in  the  return  water  can  expand  in  the  3-iii.  riser  and 
pass  over  to  the  tank. 

1{.  Y.  Bll-ROEI!. 

Somerville.  X.  .T. 

Piston  Sticks  and  Breaks   in   Cylinder 

While  shutting  (lur  ])lant  down  for  rc])airs  this  sum- 
mer we  had  a  26xlS-in.  engine  cylinder  rebored  and  a 
new  piston  made  for  the  same.  The  work  was  done  by  a 
local  concern.  When  the  new  piston  was  jdaced  in  the 
cylinder,  it  lacked  about  V„4  in.  of  being  a  snug  fit.  The 
engine  was  started  and  r\ni  about  five  hours  with  a  very 
light  load.  During  this  time  we  were  using  an  inferior 
grade  of  cylinder  oil  which,  wc  afterward  found  out,  was 
sent  by  mistake.  When  the  maximum  load  was  reached 
and  the  governor  had  iiicrea.«ed  the  cutoff  from  '/,.,  to 
about  %  of  the  stroke,  there  was  a  slight  chattcring-like 
motion  of  the  coiinecling-rod.     A  few  minutes  later  the; 
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piston  broke  into  50  or  more  pieces  without  doing  any 
further  damage  to  the  engine. 

My  opinion  is  that  the  piston  broke,  due  to  its  expan- 
sion caused  by  not  making  proper  allowance  for  the  in- 
creasing temperature.  Insufficient  lubrication  caused  ex- 
cessive friction  between  the  piston  and  the  wall  of  the 
cylinder,  thereby  raising  the  temperature  above  that  due 
to  the  pressure  of  steam. 

The  piston  stuck  and  stopped  and  the  momentum  of 
the  flywheel  forced   the   rod   through  the   jMston. 

J.  W.  Dickson. 

Memphis.  Tenu. 

Lubricator  Improperly  Located 

While  employed  in  a  large  railway  power  jjlant,  we  ex- 
perienced considerable  trouble  with  the  lubrication  of  the 
high-pressure  cylinder  and  valves  of  a  2000-hp.  horizontal 
cross-compound  Corliss  engine.  The  oil  pump  was  lo- 
cated on  the  outer  side  of  the  low-pressure  cylinder,  the 
latter  being  about  12  ft.  distant  from  the  high-pressure 
cvlinder,  as  there  was  a  large  generator  and  flywheel  on 
tlie  engine  shaft  between  the  main  bearings.     This  dis- 
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The  oil  pump  was  transferred  to  the  outer  side  of  the 
high-pressure  cylinder,  thus  reversing  the  arrangement 
and  doing  away  with  further  trouble  as  there  was  no  pres- 
sure on  the  low-]n-essure  side  to  force  the  oil  back  toward 
the  piim]i. 

EinvAiU)  \V.  M(  (iuixion. 

I'aiiania  ('anal  Zone. 


Automatic  Control  for   Draft  Fan 

The  accompanying  illustration  shows  an  automatic  ar- 
rangement I  made  to  control  the  fan  blower  for  a  boiler 
]ilaiit. 

Nearly  all  installations  of  engine-driven  forced-draft 
outfits  for  boilers  are  automatically  controlled  by  a  damper 
regulator  or  diaphragm  valve,  and  the  arrangements  of 
levers,  valves,  chains,  pulleys,  rods,  etc.,  to  accomplish 
this  purpose  are  sometimes  marvelously  intricate  and 
usually  the  more  levers  there  are  the  more  troublesome 
is  the  device. 

My  system  appears  to  be  free  from  the  objections  to 
which  chains,  pulleys,  guides,  etc.,  are  heir.  It  consists 
of  a  diaphragm  valve  installed  in  the  steam-supply  pipe 
to  the  blower  engine  or  steam-jet  blower,  the  diaphragm 
chamber  of  which  is  connected  by  a  %-in.  pipe  to  the 


OiL-Puiip  CoxxECTioxs  OX  Cross-Compouxd  Exgixe 

tauce  between  the  cylinders  made  it  necessary  to  have  40 
ft.  of  i/4-in.  pipe  from  the  oil  pump  to  the  high-pressure 
cylinder.  The  pipe  led  down  the  outer  side  of  the  low- 
pres.sure  cylinder  through  the  floor  and  across  under  it  to 
the  outer  side  of  the  high-pressure  cylinder  and  up  to  an 
inlet  in  the  steam  pipe  over  the  throttle  valve  on  top  of 
the  high-pressure  cylinder. 

Most  check  valves  leak  more  or  less  after  being  in  ser- 
vice for  a  time,  especially  if  under  high  pressure.  As  the 
pressure  was  180  lb.  in  this  case,  it  happened  that  after 
the  engine  was  shut  down  for  a  number  of  hours,  the 
pressure  on  the  high-pressure  lubricator  inlet  would  force 
the  oil  through  the  leaky  check  valves  and  back  through 
the  pipe  into  the  lubricator  pump,  condensed  steam  tak- 
ing the  place  of  the  oil  in  the  pipe.  Then  on  starting,  it 
would  require  possibly  an  hour's  running  of  the  engine  at 
full  speed  to  pump  the  oil  back  through  the  40-ft.  pipe. 
This  unsatisfactory  condition  made  it  necessary  to  use 
the  more  or  less  wasteful  hand-pump  lubricator  on  the 
high-pressure  cylinder  at  frequent  intervals  for  an  hour 
or  more  after  starting  the  engine  to  get  sufficient  oil  to 
the  piston  and  valves. 


Fan    Blowiok   Controlled   by   a   Damper    Regulator 

chamber   of  the   damper   regulator  on   whicli   comes  the 
pressure  to  move  the  damper-regulator  piston. 

When  the  steam  pressure  rises  to  the  point  for  which 
the  regulator  is  set,  water  pressure  is  admitted  to  the 
damper  piston,  also  through  the  %-in.  pipe  connection  to 
the  diaphragm  on  the  steam  valve  and  closes  it,  thus 
shutting  down  the  blower.  In  case  the  blower  is  run  by 
an  engine  which  must  keep  turning  over  to  prevent  stop- 
ping on  the  center,  a  bypass  valve  can  be  provided  past 
the  diaphragm  valve  and  this  bypass  adjusted  for  the 
])roper  speed. 

In  practice  this  diaphragm  valve  can  be  provided  with 
a  weak  spring  so  it  will  close  before  enough  pressure  ac- 
cumulates to  move  the  damper  and  also  be  the  last  thing 
to  open. 

Any  number  of  similar  valves  can  be  operated  by  the 
one  damper  regulator  and  at  any  distance,  around  cor- 
ners, etc.,  the  only  expense  being  the  waste  of  the  water 
the  diaphragm  holds  at  each  operation ;  even  this  can 
be  returned  to  the  supply  tank. 

B.  S.  Rejiliei". 

Brooktvii,  X.  Y. 
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A  Radical  Cure  for  Hot  Bearings 

The  main  Ijuarings  of  our  rro,ss-coniiiouii(l  eiijj:iiio  are 
16  X  32  in.  fitted  with  the  usual  babbitted  top  shell,  ami. 
besides  the  50,000-lb.  fly-wheel,  they  carried  the  armature 
of  a  500-kw.  generator. 

This  bearing,  which  was  on  the  high-pressure  engine, 
had  given  trouble  from  the  start,  and  I  was  told  when 
coming  to  the  plant  that  this  machine  had  never  been  run 
to  speed  (100  r.p.m. )  longer  than  a  few  hours,  and  then 
the  bearing  ran  very  hot,  necessitating  the  removal  of  the 
shells  and  cutting  out  of  the  oil  grooves.  I  had  the  engine 
started,  and,  after  running  a  short  time,  the  generator 
was  cut  in  on  the  line.  In  a  few  minutes  smoke  was  seen 
coming  from  one  of  the  handholes  in  the  bearing  cap  be- 
fore heat  coiild  be  felt  at  either  of  the  handholes  in  the 
cap. 

The  load  was  reduced,  the  machine  taken  off  the  line 
and  the  speed  lowered  to  the  point  of  turning  over  slowly. 
Ry  this  time  the  heat  had  come  out  on  the  end  of  the 
shaft,  so  the  Iiand  '(udd  not  be  held  upon  it. 

Desiring  to  learn  where  the  trouble  started  and  not 
being  a  believer  in  the  use  of  a  top  bearing  shell,  I  pre- 
pared at  once  to  do  away  with  it  l)y  having  the  carpenters 
make  a  frame  to  place  over  the  quarter  bearings,  the  two 
side  pieces  of  the  frame  being  notched  to  receive  the  end 
pieces.  While  the  carpenters  were  doing  this  I  took  ofE 
the  shell  and  found  the  oil  grooves  well  plugged.  I  cut 
open  the  grooves  and  scraped  the  bearings.  Everything 
was  then  replaced  except  the  top  bearing  shell.  After  this 
the  engineer  was  able  to  run  his  hand  the  entire  length 
of  the  journal  and  tell  where  the  heating  started. 

The  machine  was  again  started  and  shortly  after  was 
heating  just  as  much  as  before.  I  removed  the  cap  and 
th"  quarter  bearings,  and  using  a  flat  chisel  with  faces 
ground  to  a  long  angle,  and  holding  the  chisel  at  a  right 
angle  to  the  journal,  I  cut  along  the  entire  length,  turn- 
ing up  a  "fin."  I  then  smoothed  the  ragged  edge  with  a 
file,  my  object  being  to  use  this  fin  to  cut  out  the  babbitt 
metal  by  turning  the  engine  over.  T  did  this  with  the 
(nuuter  bearings  out,  after  which  I  wiped  away  all  the 
babbitt.  T  peened  the  fin  down  smooth,  using  a  fine  file 
for  finishing  the  surface.  The  job  proved  to  be  a  suc- 
cess from  the  start,  and  that  was  the  best  running  bear- 
ing in  the  engine  room. 

r.  .\.  Stafkoimi. 

.\ransas  T'ass.  Tex. 

[  With  extreme  care  a  skilled  nuui  might  be  successful 
with  such  a  method.  Severe  cutting  would  result  it  chips 
from   the  shaft    remained    in   the   bearing.— Editor.] 

What  Becomes  of  the  Water? 

The  acconii)anying  sketch  is  an  illustration  of  our  sight- 
feed  oilers  for  lubricating  the  engine  cylinders. 

Referring  to  the  diagram,  the  oil  enters  the  pipe  A 
under  200  lb.  pressure,  passes  through  the  regulating 
needle  valve  /?.  through  the  sight-feed  glass  and  out 
through  C  to  the  cylinder.  D  and  /?  are  globe  stop  valves. 
.Ml  but  two  oilers' work  perfectly.  These  arc  located  on 
tbr  high-pressure  cylinder  of  a  ir>nn-hp..  tandem-com- 
jpound  engine.  With  these  two  oilers  the  water  will  disap- 
pear from  the  sight-feed  glass  almost  every  time  the  en- 
gine is  shut  down,  the  oil  remaining  and  .soiling  the  gla.ss 
so  that  every  morning  T  have  t<>  Idow  out  the  glass,  nvi] 
allow  more  .steam  to  condense. 


This  has  been  getting  rather  monotonous,  so  lately  I 
have  had  the  night  engineer  close  the  valve  D  just  before 
shutting  down  the  engine,  and  so  far  have  had  no  more 
trouble. 

However,  this  does  not  explain  where  the  water  went 
to.     These  two  oilers  are  connected  to  the  steam  chests 


Feecf  Glass 


Lubricator  Th.\t  Gavk  Troublk 

of  the  engine,  all  the  rest  are  connected  above  the  throt- 
tle so  that  they  are  subject  to  full  boiler  pressure  at  all 
times.  The  two  causing  the  trouble  are  subject  to  boiler 
pressure  while  the  engine  is  running  and  about  25  in. 
of  vacuum  after  the  steam  has  been  shut  off  and  the  en- 
gine turned  over  a  few  revolutions. 

The  only  possible  explanation  I  can  gi\e  is  that  the 
sudden  drop  in  pressure,  when  steam  is  shut  oft',  causes 
the  water  to  evaporate  in  the  glass.  The  quantity  lost, 
however,  is  over  half  the  total  in  the  glass,  and  it  does 
not  seem  possible  that  the  heat  in  the  water  will  accouiit 
for  this  much. 

Thojias  G.  Thihstox. 

Chicago.   III. 

Indicator  Diagrams  for  Comment 

The  aionipanying  indicator  diagrams  surely  are  un- 
usual. They  were  given  to  me  by  an  engineer  at  one  of  the 
plants  in  our  town,  and  all  the  information   that  I  can 


T)Kn:ciivi 


give  is  that  they  were  taken  from  a  t'orliss  engine  with  a 
70-11).  spring,  and  the  size  of  the  cylinder  is  18\l?(!  in. 
The  engine  runs  at  68  r.|i.ni.  T  would  he  ]deased  to  havo 
readers  comment  ou  the  diagrams. 

Joiiv  T.  Sii  Mil'.  .Tw. 
f'anton.  Miss. 
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Advantages   of  the  Steam  Turbine 

In  the  article,  page  ol4,  of  the  Apr.  8  issue,  J.  8.  Leese, 
designates  many  of  the  turbine's  good  qualities,  but  he 
does  not  give  the  turbine  all  the  credit  it  deserves.  If 
he  had  handled  large  reciprocating  sets  and  then  turbines 
of  corresponding  or  larger  sizes  he  would  fully  appreciate 
other  factors  which  he  omitted.  For  instances,  the 
stand-by  losses  are  considerablj'  less  than  with  reciprocat- 
ing sets;  the  turbine  can  be  handled  with  less  help,  and 
can  be  brought  from  a  cold  state  into  service  while  warm- 
ing a  reciprocating  set.  The  packing  troubles  are  cut  to 
a  minimum  and  the  only  moving  parts  requiring  atten- 
tion, are  those  connected  with  the  oil  pump  and  governor 
gear. 

Then  the  consumption  of  oil  is  much  less,  and  frequent 
adjusting  of  bearings  is  eliminated,  unless  there  has  been 
heating.  The  exhaust  condensate  can  be  returned  direct 
to  the  boilers  without  traces  of  oil.  Foundations  are  cut 
down  to  a  minimum;  in  fact,  a  girder-constructed  plat- 
form to  allow  the  condenser  to  be  placed  underneath,  with 
either  lead  or  felt  placed  between  the  sole  plate  and 
girders,  is  all  that  is  required. 

A  number  of  drains  are  done  away  with  and  there  is 
less  danger  of  damage  being  done  if  a  slug  of  water 
happens  to  come  over  from  the  boilers.  These  favorable 
points  added  to  those  given  by  Mr.  Leese  only  do  the 
turbine's  cause  partial  justice. 

From  my  experience  many  turbine  spindles  are  dis- 
torted from  the  effects  of  leakj-  valves  while  idle  and  too 
long  a  time  taken  in  wajming  up  with  the  machine 
stopped.  The  correct  way  to  warm  up  is  to  get  the  ma- 
chine turning  over  very  slowly  on  the  warming  valve ;  if 
the  warming  valve  is  not  large  enough  to  start  the  rotor 
a  puff  of  steam  from  the  main  stop  valve  can  be  applied, 
the  machine  then  being  kept  turning  over  with  steam 
from  the  warming  valve.  Particular  notice  should  be 
taken  that  neither  of  these  two  valves  are  leaking,  as  the 
hot  steam  playing  on  the  rotor  in  one  position  for  a 
long  period  is  likely  to  cause  local  distortion. 

E.  ErssELL  Pearce. 

Rochdale,  England. 

Volumes  of  Frustums 

In  the  Mar.  11  issue  of  Power,  page  355,  is  given  a 
rule  for  finding  the  volume  of  a  frustum  of  a  pyramid  or 
cone.  It  should  be  noted  that  this  rule  does  not  apply  to 
frustums  of  wedges,  and,  therefore,  the  solution  of  the 
first  problem  directly  under  the  rule  is  incorrect.  The 
foundation  described  is  a  frustum  of  a  wedge  but  not  of 
a  pyramid. 

It  may  be  further  remarked  that  it  is  not  often  neces- 
sary to  actually  extract  the  square  root  in  applying  the 
rule  as  the  numerical  terms  may  usually  be  arranged  so 
as  to  avoid  this  operation.  In  the  second  example,  we 
find  that 


The  ex])ression  under  the  radical  can  be  grouped  as  fol- 
lows : 

300=  X  260-  X  0.7854= 
The  square  root  of  this  expression  is  obtained  by  simply 
dropping  the  exponent  2  from  each  factor.     Hence 


V  5  X  *  =  300  X  260  X  0.7854 

The  average  man  dislikes  to  extract  the  square  root  or  to 
multiply  large  numbers.  By  following  the  plan  suggested 
above  the  labor  involved  in  the  operation  is  minimized. 

The  prismoidal  formula*  can  be  used  in  obtaining  the 
volume  of  frustums  and  has  a  wider  application  than  the 
ordinary  rule,  but  apparently  is  not  so  well  known. 

M.  D.  Gravatt. 

Scrauton.  Pcnn. 


Why  Boiler  Tubes  Leak 

Answering  the  inquiry  by  E.  H.  Hart,  in  the  May  20 
issue,  I  would  advise  that  several  reasons  can  be  suggested 
as  the  cause  of  boiler  tubes  leaking  at  their  ends. 

Perhaps  the  fire-doors  are  left  open  over  night  to  keep 
the  steam  pressure  down,  allowing  a  lai'ge  quantity  of  air 
to  circulate  around  the  shell  of  the  boiler,  and  it  would 
perhaps  hit  the  tube  ends,  causing  them  to  leak.  There 
may  be  defects  in  the  brickwork  around  the  back  end  of 
the  boiler,  and  cold  air  may  get  through  and  strike  the 
tube  ends.  The  feed-water  pipe  may  be  installed  in  such 
a  manner  that  cold  water  entering  the  boiler  discharges 
against  the  tube  ends.  Mr.  Hart  does  not  say  whether 
the  tubes  are  corroded  or  jiist  loosen  and  leak. 

James  E.  Xoble. 

Toronto,  Ont.,  Canada. 


V  5  X  &  =  V  (3002  X  0.7854)  X  (2602  x  0.7854) 


Replying  to  E.  H.  Hart,  as  to  trouble  with  the  out- 
side tubes  of  boilers  leaking  at  the  ends.  I  would  state 
that  these  tubes,  being  the  more  inaccessible,  probably  are 
heavily  scaled.  This  would  cause  undue  heating  and  leak- 
ing of  the  tubes  at  their  ends.  It  is  a  difficult  problem 
at  times  to  get  at  the  outside  tubes. 

John  F.  Hurst. 

Louisville,  Ky. 

Pumping  Air  Exhaust  of  Mine  Pump 

On  page  577  of  the  Apr.  22  issue  is  a  letter  by  Mr. 
Houston  on  "Piping  Mine-Pump  Air  Exhaust."  He  says 
the  pump  in  question,  which  is  a  12  and  6  by  13-in.,  works 
against  a  400-ft.  head.  This  would  be  equal  to  a  pres- 
sure of  about  173  lb.  per  sq.in. 

The  maximum  air  pressure  is  given  as  90  lb.  per  sq.in., 
and,  of  course,  would  be  still  less  at  the  exhaust  end. 
Mr.  Houston  states  that  the  pump  is  started  by  turning 
the  exhaust  to  the  atmosphere  until  discharge  takes  place 
through  the  regular  discharge  pipe,  after  which  the  ex- 

*The  use  of  this  formula  is  explained  in  the  Study  Ques- 
tions, June  4,  1912. 


June  17.  1913 
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liaust  is  turned  into  the  latter.  As  there  is  a  check  valve 
on  the  exhaust  pipe  to  prevent  a  flow  of  water  to  the  air 
end  of  the  pump,  it  looks  as  though  air  at  90-lb.  pressure 
can  be  depended  upon  to  open  a  valve  against  a  water 
pressure  of  173  lb. 

The  only  way  that  I  can  see  how  such  could  be  done 
is  to  get  the  exhaust  into  the  discharge  pipe  before  the 
static-head  pressure  of  the  water  reached  the  given  air 
pressure.  Or,  if  the  discharge  pipe  were  full  when  the 
pump  was  to  be  started,  it  could  be  drained  off  to  the 
required  head. 

Of  course,  when  the  pump  is  once  in  operation  as  de- 
scribed, the  head  pressure  will  not  be  that  due  to  400  ft., 
as  the  action  of  the  air  would  tend  to  be  the  same  as  in 
an  air-lift  system.  This  would  mean  that  there  would 
be  alternate  layers  of  water  and  air  all  the  way  up  iu  the 
discharge  pipe. 

This  would  bring  about  a  condition  that  Mr.  Houston 
should  experiment  with  regarding  the  effect  on  the  capa- 
city of  the  pump.  A  given  flow  of  water  and  air  mixed 
would  mean  a  lesser  pump  capacity  than  if  the  pipe  con- 
tained only  water.  But  as  the  pressure  would  be  reduced 
owing  to  the  presence  of  the  air.  the  velocity  of  flow 
would  he  increased  with  a  given  inimp  speed. 

.T.  A.  Carruthers. 

Ildsmer,  B.   (_'.,  Canada. 


Regarding  the  method  of  piping  the  exhaust  and  dis- 
charge from  a  mine  pump  explained  by  Mr.  Houston,  in 
PovvKR  of  Apr.  22,  1913,  I  felt  at  first  with  Mr.  Bridges 
(Power,  May  27,  1913,  p.  75.5)  that  I  had  one  on  riie 
editor.  However,  before  I  got  through  I  had  thoroughly 
satisfied  myself  that  Mr.  Houston  was  correct. 

The  point  seems  to  be  that  after  making  the  new 
connections  the  pump  does  not  begin  to  work  against  the 
400-ft.  head,  but  instead  the  pipe  from  the  pump  to  the 
surface  is  empty.  As  the  water  begins  to  rise  in  the  pipe, 
the  air  from  the  pump  begins  to  exhaust  into  the  pipe 
too,  thereby  lessening  the  average  specific  gravity  of  the 
column  contents  against  which  the  air  must  exhaust.  The 
air  discharged  by  each  stroke  of  the  pump  would  be  eight 
times  the  volume  of  water  discharged  if  it  expanded  only 
to  an  average  of  371/0  lb.  gage  pressure.  If  all  eight  vol- 
umes of  the  air  remained  in  the  pipe  there  would  be  room 
for  only  45  ft.  of  water  column,  equivalent  to  only  about 
20  lb.  gage,  which  would  allow  for  a  still  greater  expan- 
sion of  the  air.  .4s  a  matter  of  fact,  equilibrium  would 
bo  reached  by  a  certain  amount  of  air  rushing  up  past  the 
water,  but  theory  seems  to  ]ioint  to  a  big  leeway  for  this 
process.  Even  after  the  pump  was  originally  started  with 
tlie  new  connections,  and  then  shut  down,  the  pipe  woulil 
not  rcinaiii  full  enough  of  walcr  to  prevent  again  start- 
ing the  pump,  added  to  which,  it  is  always  pos.sible  to 
bleed  the  line  before  restarting.  H'  the  pump  had  to  be 
started  with  the  90-lb.  air  exhau.st  pii)ed  in  against  a  400- 
ft.  water  column,  Mr.  Bridges  is  right,  there  would  be 
'"nothing  doing,"  but  it  does  not  work  that  way. 

Donald  M.  Liddell. 

Elizabeth,  N.  J. 

Comments  on  Flue-Gas  Readings 

The  statement  made  by  F.  .V.  Lowe  under  tiie  title, 
"Fluo-Oas  Readings  for  Criticism."  in  Power  of  May  20, 
1913:     "Tt  will  be  noticed  that  a  minus  sign  is  put  be- 


fore some  of  the  CO  readings.  This  sign  indicates  that 
the  CO  reads  less  than  the  0"  seems  to  need  some  ex- 
planation. All  of  the  CO  readings  are  less  than  the  0 
readings.  If  the  statement  should  mean  that  the  CO 
reads  less  than  zero,  it  is  probably  to  be  explained  by  the 
use  of  an  old  cuprous-chloride  solution,  which  gave  up 
some  of  its  CO  to  the  gas  being  tested. 

DOXALI)  il.  LiDDELL. 

Elizabeth.  X.  J. 

Best  Form  of  Link 

Referring  to  the  problem  of  S.  N.  Bowman,  page  642, 
May  6  issue,  as  the  bending  stresses  in  the  links  would 
depend  on  their  own  weight  they  should  be  of  I-beam  sec- 
tion, so  as  to  combine  the  greatest  stiffness  with  the  least 
area  of  cross-section.  The  dimensions  of  their  cross-sec- 
tion would  depend  on  the  permissible  vertical  motion  of 
the  suspended  weight  after  its  impact,  as  upon  impact 
there  would  be  a  shortening  of  the  distance  between  the 
suspending  pins,  due  to  deflection  of  the  links,  and  the 
amount  of  that  deflection  would  depend  upon  the  specific 
weight  and  bending  resistance  of  the  material  em])loyed 
for  the  links. 

A.  T.  Kaslet. 

Swissvalc.  Penn. 


Referring  to  the  problem  submitted  by  S.  X.  Bow- 
man, in  the  May  6  issue,  it  is  a  law  of  mechanics  that 
when  a  body  descends  from  one  horizontal  plane  to  an- 
other, without  friction,  then  when  it  has  reached  the 
lower  plane  its  velocity  will  be  the  same  as  if  the  body 
fell  freely  from  the  one  plane  to  the  other,  no  matter 
what  patli  is  followed.  This  means  that  the  weight  at 
the  instant  the  blow  is  struck  will  have  the  same  velocity 
that  it  would  have  by  falling  10  ft.  from  a  position  of 
rest.     Therefore,  the  velocity  at  impact  will  be 

V  =  V  2gh  =  8.02  VIK)  =  25.34  ft.  2)er  sec. 
The  centrifugal  force  of  a  body  revolving  about  a  point 


m  V  - 


Mass 


weight 


32.16  ' 

(•  =  Telocity  in  feet  per  second ; 
A'  ^  Radius  in  feet. 
Hence  the  centrifugal  force  of  the  descendin<: 
15,000 


weight  is 


F  = 


32.16 


X  25.34- 


18 


=  l(l,(i4(i  //;. 


To  this  must  be  ailded  the  weight  of  15.(miii  lb.,  making 
a  total  tensional  stress  of  31,r)10  lb.  on  the  four  rods  or 
links,  which  is 

31.610  -H  I  -=  7910  //).  per  link 
Owing  to  the  jar  at  the  instant  the  l)low  is  struck  the  fac- 
tor of  safety  should  be  iiigh  and  on  this  point  engineers 
would  probably  differ  somewhat.  However,  if  the  links 
were  of  wrought  iron,  a  load  of  5000  lb.  jier  sq.in.  would 
certainly  be  within  (he  limit  of  safety,  which  gives 
7010 

Kmo  "  '^■''^  "''■'"■  '"'  ""■'     ''  "''■'"- 

a.s  th<'  minimum  area  of  cross-section  of  cacii  rod.    Taking 
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the  weight  of  1  cii.iii.  of  wrought  iron  as  0.28  lb.  and 
allowing  2  ft.  on  each  link  for  the  eye,  the  four  rods 
will  weigh  about  450  lb.,  which  does  not  add  enough  to 
the  load  supported  to  make  a  second  calculation  of  area 
necessar}-.  Tleuce,  wrought-iron  links  having  a  cross-sec- 
tion of  1.6  sq.iu.  each  will  be  strong  enough  as  far  as 
tensioual  stresses  are  concerned. 

When  the  weight  strikes,  the  centrifugal  force  ceases 
at  once,  therefore,  any  other  stress  that  might  occur  will 
arise  from  the  effect  of  stopping  the  motion  suddenly. 
As  the  weight  hits  squarely  and  horizontally  no  vertical 
stresses  will  be  set  ui3,  which  leaves  only  the  motion  of 
the  links  to  be  considered.  The  kinetic  energy  of  a  mov- 
ing body  is  found  by  multiplying  the  weight  by  the  square 
of  the  velocity  of  its  center  of  gravity  and  dividing  the 
result  by  64.32.  The  velocity  of  the  center  of  the  rod  is 
one-half  that  of  the  lower  end :  hence 


Kinetic  energy  of  the  four  links 
=  1123  ft.-Jb. 


450  X  12.6'; 
64.32 


This  energy  is  given  up  while  the  weight  is  moving  2  in., 
or  as  the  center  of  the  links  is  moving  1  in.  =  jV  ft. 
Xow  bearing  in  mind  that  the  retarding  force  multiplied 
by  the  distance  through  which  it  acts  equals  the  kinetic 
energy  of  the  rods, 

F  Xi^=  1133 
or 

F  =   13.4'r6  lb. 
that  is,  the  inertia  of  the   rods  at  the  time  of  imjjact, 
causes  a  force  of 

13,476  -e-  4  =  3369  lb. 
per  rod,  provided  the  center  of  the  rod  comes  to  rest  after 
moving  1  in.  As  a  matter  of  fact,  however,  the  links  will 
vibrate  or  spring  much  more  than  this  and  it  would  not 
be  unreasonable  to  expect  an  18-ft.  rod  a  little  more  than 
1  in.  in  diameter,  to  spring  2  in.  or  even  more  at  the  in- 
stant of  impact,  so  that  the  actual  horizontal  force  from 
this  cause  would  probably  be  less  than  1000  lb.  per  rod. 
With  the  low  terminal  stress  allowed,  a  link  of  round 
cross-section  and  of  cross-sectional  area  to  safely  take 
care  of  the  stress  of  tension  will  be  amply  strong  enough 
to  provide  for  any  other  stresses  that  will  occur  in  this 
case.  If  the  links  are  made  of  flat  iron,  they  should  be 
made  so  that  the  flat  side  is  perpendicular  to  the  plane 
of  motion.  Otherwise,  severe  stresses  may  be  set  up  at 
the  instant  of  impact. 

An  intricate  theoretical  discussion  may  be  woven  about 
this  problem,  but  I  have  considered  it  as  a  practical  ex- 
ample and  have  used  a  practical  method  of  solving  it. 
Slightly  different  results,  no  doubt,  can  be  obtained  by 
other  methods,  but  the  results  here  are  close  enough  for 
all  purposes. 

W.  G.  Hawley. 

Scranton,  Penn. 


Valve  Setting 

Mr.  Walehli's  theory  (page  614,  Apr.  29  issue)  that 
the  engine  should  be  turned  opposite  to  the  action  of 
the  connecting-rod  to  locate  points  A,  B  and  C  in  his 
sketch  is  correct  for  putting  the  engine  on  center,  as  lost 
motion  in  the  crankpin  and  the  crosshead  pin  should  be 
taken  up  on  each  side  of  the  center  by  rotating  the  wheel 


so  as  to  strain  the  connecting-rod  in  the  same  direction 
as  when  the  engine  is  running. 

The  statement  of  the  "Power  Handbook"  refers  to  the 
way  of  putting  the  engine  on  the  center  to  adjust  the 
valve.  The  booklet  is  correct  in  stating  that  lost  motion 
of  the  eccentric,  valve  rod,  etc.,  should  be  taken  up  by 
turning  the  wheel  in  the  same  direction  as  when  the  en- 
gine is  running.  With  C  properly  located  it  makes  no 
difference  whether  lost  motion  is  greater  in  one  place 
than  another,  as,  in  locating  the  point  C ,  the  valve  is  not 
being  adjusted,  and  when  setting  the  valve,  C  is  already 
located  and  the  connecting-rod  could  then  be  discon- 
nected. 

However,  any  engine  needs  keying  up  if  it  has  enough 
lost  motion  in  either  place  to  make  any  noticeable  dif- 
ference which  method  is  used. 

Harry  U.  Everett. 

Fort  Apache.  Ariz. 

Preventing  Cylinder  Condensation 

The  article  on  page  705  of  Power,  May  20,  relative  to 
cylinder  condensation  and  the  remark  contained  therein 
as  to  it  being  common  for  engineers  to  run  engines  with 
the  drip  valves  open,  or  partially  so,  leads  me  to  sug- 
gest a  remedy  I  have  employed  successfully  to  overcome 
this  practice. 

The  plan  consists  simply  of  the  installation  of  auto- 
matic cylinder  cocks.  I  have  obtained  excellent  satisfac- 
tion by  the  use  of  these  cocks  on  slow-  and  moderate- 
speed  slide-valve  engines,  especially  on  low-pressure  cylin- 
ders exhausting  into  a  vacuum  in  which  case  the  outlet 
or  drain  from  the  cock  should  be  connected  to  the  ex- 
haust pipe  between  the  condenser  and  exhaust  valve. 

These  cocks  also  work  well  on  noneondensing  slide- 
valve  engines  as,  being  connected  to  the  lowest  point,  they 
permit  the  accumulated  condensation  of  each  stroke  to  be 
blown  out  of  the  cylinder  without  the  loss  of  any  steam. 

The  drainage  pocket  illustrated  in  the  article  referred 
to  would  require  special  and  peculiar  design  for  use  on 
any  cylinder  having  four  rotary  or  Corliss  valves.  In 
this  style  of  cylinder  it  would  appear  that  the  exhaust 
port  in  the  cylinder,  being  in  the  bottom  at  each  end, 
should  form  practically  just  such  a  pocket  or  well  having 
a  cubical  capacity  the  clear  length,  width  and  the  depth 
of  exhaust  port  from  cylinder  counterbore,  into  which 
the  exhaust  port  opens  to  the  top  of  the  exhaust  valve. 

W.  Oliver. 

Racine.  Wis. 

Losses  Due  to  Compressor  Piping 

The  story  with  the  title  cpioted  above,  as  told  by  A.  D. 
Palmer,  on  page  611,  in  the  issue  of  Apr.  29,  is  somewhat 
puzzling.  With  an  insufficient  supply  of  steam  at  too  low 
a  pressure  the  compressor  ran  at  200  r.p.m.,  while  with 
plenty  of  steam  at  a  higher  pressure  it  ran  at  only  1?5 
r.p.m.  At  the  higher  speed  the  air  pressure  maintained 
was  20  to  40  lb.,  while  at  the  lower  speed  the  pressure 
was  50  to  70  lb.  In  both  these  particulars  the  results 
reported  are  exactly  the  reverse  of  what  should  have  beer, 
expected,  and  it  would  seem  that  some  additional  explan- 
ation would  be  in  order. 

Frank  Richards. 

Xew  York  City. 
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Foot  Val 


-What 


IS   a 


foot   valve. 


A  foot  valve  is  a  check  valve  such  as  is  usually  plact 
the  lower  end  of  a  pump  suction  pipe  to  prevent  the  wat 
the  pipe  from  running  down  when  the  suction  is  not  ir 
tion  as  between  strokes,   or  starts  and  stops. 


Oil  In  Gas  Collector — On  the  surface  of  the  water  in  a 
collector  for  flue-gas  analysis  samples,  oil  is  used.  What 
is  it  for  and   what   kind   should   be   used? 

J.    W.    D. 

The  oil  forms  a  seal  and  prevents  the  water  from  absorb- 
ing any  of  the  elements  of  the  gas  sample.  An  ordinary  ma- 
chine oil  may  be  used.  How  to  use  it  is  told  in  a  letter  by 
Robert  H.  Schafer,  "Another  Serviceable  Gas  Collector."  in 
the  Dec.    17,    1912,   issue  of  "Power,"  page   910. 


Suddenly  Opened  Valve  Effect — What  effect  would  it  have 
on  the  water  line  of  a  boiler  to  suddenly  open  a  stop  valve 
or   safety   valve? 

P.   C. 

If  the  valve  is  opened  suddenly  while  the  boiler  is  under 
pressure,  the  water  line  of  the  boiler  would  rise,  for  steam 
would  be  suddenly  liberated  in  the  body  of  the  water  of  the 
boiler  and  In  ascending  to  the  steam  space,  the  steam  would 
tend  to  lift  the  whole  body  of  the  water. 


Steam  Generation  Temperature — At  what  temperature  will 
steam  begin  to  be  generated  in  a  boiler  filled  to  the  run- 
ning level  with  water  at  35  deg.  F.  and  the  steam  space  filled 
with   air   at    100    lb.    pressure? 

L.    C.    S. 

So  far  as  the  temperatui-e  at  which  steam  will  begin  to 
be  formed  is  concerned  these  conditions  are  no  different  than 
if  the  boiler  were  in  regular  operation  at  100  lb.  steam  pres- 
sure. The  temperature  will,  therefore,  be  that  found  in  steam 
tables  corresponding  to  a  pressure  of  100  lb.  gage  or  338.1  F. 
In  this  case  the  water  will  have  to  be  raised  through  a 
temperature  range  of 

33S>.1  —  35  =  303.1   deg. 


Xumber  of  StayboltH  Required — If  the  area  of  the  segment 
of  the  head  of  a  tubular  boiler  above  the  tubes  is  714  sq.in., 
and  the  steam  pressure  is  100  lb.  gage,  how  many  I'g-in. 
braces  would  be  required  of  a  working  strength  of  7500  lb. 
per  sq.in.  of  cross-section? 

P.    M. 
The   total   pressure   to  be  resisted   is 

714  X  100  =  71.400   lb. 
A   IH-in.   diameter  stay  would   have  a  cross-sectional   area 
of  0.994  sq.in.      Then   its  allowable   strain   is 

7500    X   0.994   =   7455  lb. 
and  the   number   of  stays  required   is 
71,400 

=    9.57 

7455 
or   the   next  largest   whole   number,   ten. 


Removlnir  Boiler  Tnben — What  is  the  proper  way  to  re- 
move tubes  from  a  vertical  tubular  boiler  and  what  is  the 
best  way  to  put  In  new   tubes? 

L.    M.   N. 

The  common  way  to  remove  tubes  is  to  cut  the  ends  with 
a  cape  chisel.  One  end  of  the  tube  Is  silt  through  and  is 
then  collapsed  enough  to  drive  It  Into  the  boiler  so  that 
the  tube  may  be  removed  through  the  tube  sheet  on  the  op- 
posite end  of  the  boiler.  Care  must  be  taken  not  to  Injure 
the  sides  or  edges  of  the  tube  holes,  otherwise  It  will  be 
difficult  to  make  the  new  tubes  tight.  To  remove  tubes 
from  an  upright  boiler  without  throwing  It  over  on  Its 
side,  the  tubes  are  detached  from  the  furnace-tube  sheet, 
and  sufficiently  loosened  In  the  ujiper  dui'  sheet  to  withdraw 
the  tubes  through  the  top.  New  tubPs  have  to  be  expanded 
into  the  tube  sheets,  preferably  using  a  roller  expander. 
Beading  Is  done  with  a  thumbing  tool,  which  must  be  han- 
dled with  care  to  avoid  splitting  thi-  tube  ends,  especially  If 
the  tubes  are  not  of  the  best  quality. 


cylinder  occurring  at  the  ends  of  the  strokes.  Is  this  due 
to  condensation,  and  if  so,  how  can  it  be  remedied?  It  is 
a  Corliss  engine  and  has  no  cylinder  cocks. 

J.  P.  M. 
As  shown  by  the  diagrams  sent  with  the  inquirj',  steam  is 
expanded  down  to  and  probably  at  times  below  exhaust 
pressure.  The  noise  is,  therefore,  likely  due  to  the  exhaust 
valves  being  subjected  to  pressure  on  the  reverse  side  at  the 
end  of  each  stroke.  Lowering  the  initial  pressure  would  stop 
the  trouble,  and,  if  it  is  not  convenient  or  desirable  to  decrease 
the  boiler  pressure,  the  admission  may  be  throttled,  which 
would  have  the  additional  advantage  of  insuring  dry  steam, 
so  that  if  there  were  trouble  from  condensation  it  should 
be  removed  also.  Another  remedy  is  to  crack  the  indicator 
cock  so  as  to  prevent  the  pressure  in  the  cylinder  from 
becoming  less  than  that  in  the  exhaust  pipe.  This  would  be 
advisable  only  if  the  initial  pressure  cannot  be  reduced 
enough  to  prevent  expanding  to  such  a  low  terminal  pres- 
sure. 


Increased  Boiler  Hor.sepo"er — If  a  boiler  5  ft.  3  in.  long 
containing  134  tubes,  2^4  in.  in  diameter,  is  retubed  with  2',4- 
in.  tubes,   how  much  is  the   horsepower  increased? 

P.  C. 

A  2 1.4 -in.   tube  has  a  circumference  of 

2Vi    X    3.1416    =    7.068   in., 
and    a    212-in.    tube, 

2%    X   3.1416   =   7.S54  in. 
The   2^/2 -in.   tube   is,   therefore, 

7.S54   —    7.068    =    0.7S6    in. 
greater    in    circumference   and    the   length   of   the   tube    being 
5   ft.   3   in.,   or  66   in.   the   increase   of  area,   using   134  tubes   is 
0.786    X    66    X    134 

=    48.27    sq.ft. 

144 
Allowing,  according  to   modern   commercial  rating  of   tubular 
boilers,   a  boiler  horsepower  to  each  10  sq.ft.   of  heating  sur- 
face and  the   new   tubes  would   increase   the   horsepower 
48.27 

=    4.827  hp. 

10 

Or,    by    the    old    rating    of    15    sq.ft.    per    hp., 
4S.27 

=    3.22   hp. 

15 


Variation  of  Boiler  Efficiency  with  Load — What  are  the 
comparative  efficiencies  of  a  boiler  at  different  percentages 
of  rated  capacity?  What  is  the  greatest  capacity  at  Vvhich 
it   would   be   desirable   to   operate   a   boiler   continuously? 

S.    C.    A. 

Under  ordinary  good  conditions  of  operation  and  good 
proportions,  with  clean  boilers,  the  highest  efficiency  is  usu- 
ally obtained  when  forced  to  about  50  per  cent,  excess  of 
normal  capacity.  At  one-quarter  capacity  boilers  will  gen- 
erally yield  about  three-fourths  the  efficiency  of  50  per  cent. 
estimated  capacity  and  their  efficiency  gradually  increases  up 
to  150-pcr  cent,  capacity.  At  200  per  cent,  a  boiler  will 
usually  give  a  higher  efficiency  for  a  short  time,  or  until 
the  flues  become  dirty,  requiring  extraordinary  cleaning.  It 
is  never  advisable  to  overload  a  boiler  more  than  50  per 
cent,  as  the  grates,  furnace  linings,  walls  and  man.v  parts 
are  likely  to  be  damaged  when  used  at  furnace  tempera- 
tures  exceeding  those    for   which   they   were   designed. 

If  the  boiler  has  been  set  with  the  size  of  grate,  kind  of 
setting,  etc.,  appropriate  for  a  given  capacity,  it  would  not 
be  desirable  to  operate  it  at  any  higher  capacity  continu- 
ously even  though  higher  efficiency  might  be  obtained,  as 
the  parts  are  likely  to  be  Injured  and  any  advantage  gained 
would  be  likely  to  be  more  than  offset  by  the  greater  care 
iind  attention  for  cleaning,  repairing,  safety,  etc.,  that  would 
be    entailed. 


KuKlne    !"• 


I.I- -There    la 


r-lnttering    noise    in    uur   engine 


Errata:  Vacuum  at  HlKh  AltitudeH — In  the  answer  to  the 
liHiuiry  under  the  above  title  in  the  June  10  Issue,  the  mis- 
take was  made  of  subtracting  0.03  lb,  from  9.8  lb.  instead  of 
adding  it.  The  pressure  should  have  been  9.83  lb.  per  sq.in., 
which   would   balance 

9.83    X    2.0366    =    20.009  In. 
of  mercury  Instead   of  as  given  before  19.887   In.      The  error  Is 
not  serious  In  amount  nor  does  It  affect  the  final  statement. 
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ENGINEERS'     STUDY    COURSE  I 


Making  a  Flue-Gas  Analysis 

FoUowiug  are  the  solutions  of  the  problems  in  the  last 
lesson.  Applying  the  formula  given  in  the  same  lesson 
as  the  problems  we  have 

C  X  14,600  +  (  ff 5  )  (J2,000  =  0.6365  X  1-1,600 


+  (0.0526  — '^•^'.'^'^  62,000  =  11,773  B.f.ii.  per  lb. 


In  the  second  problem  the  sum  of  the  jiercentages  of 
volatile  matter  and  fixed  carbon  is 

35.51   4-  50.06   =  85.57 
and  dividing  this  into  the  percentage  of  fixed  carbon  and 
multiplying  the  quotienr  by  100  gives 

§^  X  lOU  =  58.0 

the  percentage  of  fixed  carbon  in  the  combustible.  After 
locating  the  58.5  point  at  the  bottom  of  Fig.  2,  in  the  last 
lesson,  tracing  an  imaginary  line  straight  up  to  the  curve 
and  then  horizontally  across  to  the  left  margin,  we  find 
that  the  heat  value  per  pound  of  combustible  matter  is 
1-1,975  B.t.u.  Then,  as  but  85.57  per  cent,  of  the  coal 
in  the  problem  is  combustible  matter,  the  heat  value  per 
pound  of  coal  is 

14,975  X  85.57  -^  KM)  =  12.S14  B.f.n. 

Yahe  of  FLUE-GAt;  Analysis 

Thus  far  we  luive  been  studying  fundamental  princi- 
ples only  and,  no  doubt,  many  have  wondered  what  was 
the  use  of  lumbering  up  their  brains  with  such  matter  if 
it  could  not  be  put  to  some  practical  use  in  plant  opera- 
tion. Beginning  with  the  present  article  we  will  take  up 
the  application  of  these  principles  and  after  we  have 
mastered  a  few  more,  we  will  be  able  to  apply  all  of 
them  to  good  advantage  in  securing  greater  eflSciency  in 
boiler  operation 

Let  us  assume  that  we  have  succeeded  in  discovering 
the  best  coal,  all  things  considered,  for  our  plant.  By 
making  proximate  analyses  and  estimating  heat  values  we 
have  found  one  grade  of  coal  which  has  minimum  mois- 
ture and  ash ;  consequently,  it  gives  maximum  heat-gen- 
erating material  per  dollar  invested.  Upon  actual  trial 
in  the  boiler  room  it  is  found  to  work  satisfactorily  with 
the  existing  equipment.  It  does  not  clinker  badly  and, 
hence,  the  firemen  can  handle  it  easily  and  efficiently  and 
maintain  the  steam  pressure  uniform  without  undue 
trouble. 

Our  next  problem  is :  How  best  to  burn  this  coal  so  as 
to  get  most  of  the  heat  it  contains  into  the  boiler  and 
generate  the  greatest  quantity  of  steam  possible  per  pound 
of  coal  fired.  And  right  here  is  where  our  knowledge  of 
the  underlying  principle  of  combustion  comes  into  use. 

Excess  Air  Xecessart 

In  preceding  lectures  it  was  shown  that  each  pound  of 
coal   of  a   certain   composition   requires   a   certain   fixed 


weight  of  air  for  complete  combustion  and  the  method  of 
figuring  this  weight  was  given.  But,  this  theoretically 
required  amount  of  air  will  not  suffice  in  the  boiler  plant 
because  if  only  the  required  amount  is  supplied,  the  dis- 
tribution must  be  perfect  so  that  each  particle  of  oxygen 
in  the  air  may  come  in  contact  with  a  particle  of  car- 
bon or  hydrogen.  If  this  does  not  take  place,  some  of 
the  ox3'gen  will  escape  without  combining  with  its  al- 
lotted share  of  the  combustible  matter,  with  the  result 
that  either  of  the  two  following  things  may  happen  :  Some 
of  the  hydrogen  may  escape  unburned,  or  some  of  the 
carbon  may  be  only  partly  burned  and  form  CO  instead 
of  C0„. 

In  the  boiler  plant  this  perfect  distribution  of  the  oxy- 
gen is  impossible.  Consequently,  an  excess  quantity  of 
air  must  be  supplied  to  the  fuel  in  the  furnace  in  order 
that  complete  combustion  of  every  particle  of  the  burn- 
able matter  may  be  effected  and  no  loss  suffered  from 
combustible  gases  escaping  up  the  chimney. 

1:mportance  ok  Kxowixg  Required  Excess 

Now.  too  much  excess  air  is  equally  or  even  more  detri- 
mental to  good  economy  than  too  little.  Assume  a  given 
coal  requires  10  lb.  of  air  per  lb.  of  coal  for  complete  com- 
bustion and  that  the  gases  formed  weigh  10.75  lb.  The 
heat  value  of  a  pound  of  this  coal  is,  say,  10,000  B.t.u. 
Immediately  after  combustion  all  this  heat  is  contained 
in  the  10.75  lb.  of  gases  and  due  to  this  fact  their  tem- 
perature is  very  high.  We  are  not  ready  just  yet  to  esti- 
mate how  high,  so  let  us  assume  the  temperature  to  be 
3500  deg.  F.  As  these  intensely  hot  gases  come  in  contact 
with  the  heating  surface  of  the  boiler  and  give  up  their 
heat  to  the  water  within,  their  temperature  falls  until  it 
reaches,  say,  500  deg.  as  the  gases  leave  the  boiler.  The 
gases  are  still  much  hotter  than  was  the  air  and  coal 
which  went  to  make  them  up  and  as  they  obtained  their 
heat  from  the  coal,  all  the  coal's  heat  did  not  go  into  the 
boiler  to  make  steam,  but  some  was  lost  up  the  chimney. 

i^ow,  if  20.75  lb.  of  air  were  fed  per  pound  of  coal,  in- 
stead of  only  the  required  10  lb.,  doulile  the  quantity  of 
g.-ises  would  pass  from  the  boiler.  And  as  these  gases  would 
escape  up  the  chimney  at  about  the  same  temperature  as 
the  10.75  lb.,  the  heat  loss  would  be  about  double  that  in 
the  first  case.  This  is  true  because  with  equal  tempera- 
ture the  heat  contained  in  21.50  lb.  of  gas  is  just  double 
the  amount  contained  in  10.75  lb. 

Thus,  it  is  important  to  discover  just  what  amount  of 
excess  air  is  most  economical  under  the  existing  condi- 
tions in  your  plant  and  in  order  to  know  this  some  means 
must  be  employed  to  measure  or  calculate  the  air  supjjly 
to  the  boiler. 

EsTiJiATixG  Air  SrppLiED 

Direct  measurement  would  be  difiicult  to  make  and 
unsati.sfactory  in  accuracy.  A  far  easier  and  more  ac- 
curate means  is  to  analyze  the  flue  gases  and  calculate 
the  air  supply  from  this  analysis  and  the  coal  analysis. 
Flue-gas  analysis  is  also  useful  in  checking  boiler  opera- 
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tion  from  day  tu  ilin'  i^o  as  to  be  sure  conditions  will  re- 
main economical. 

Si.Mi'LiciTY  OF  Flue-Gas  Analysis 

Somehow  or  otlier,  flue-gas  analysis  has  a  very  inysteri- 
ous  and  forbidding  sound.  People  are  inclined  to  think 
it  is  too  deep  and  dark  for  them  to  understand  and ,  con- 
sequently, many  have  not  made  the  good  use  of  it  that 
they  should.  As  a  matter  of  actual  fact,  it  is  simple  to 
understaiid  and  easy  to  master.  The  trouble  has  been, 
however,  that  apparenth'  no  one  has  taken  the  trouble  to 
explain  the  case  fully  and  thoroughly.  This  is  Just  what 
Power  now  aims  to  do.  And  right  here  perhaps  is  a  good 
place  to  remind  you  that  if  what  we  print  in  this  depart- 
ment is  not  perfectly  clear  to  you  or  if  you  cannot  suc- 
ceed without  further  assistance,  do  not  hesitate  to  write 
for  help  or  advice.  You  letter  will  be  welcome;  it  will  be 
turned  over  to  the  writer  of  these  lectures  and  treated 
confidentially. 

Appai!ati"s  I\equiim:i) 

A  suitable  apparatus  is  required  for  making  a  flue-gas 
analysis.  Numerous  typos  are  on  the  market  all  of  which 
liave  points  of  merit.  Most  of  them,  however,  are  based 
on  the  Orsat  apparatus  which  was  designed  by  a  man  of 
that  name  and  which  has  been  so  extensively  used  that 
the  name  has  come  to  be  almost  as  typical  as  such  names 
as  C'orli.ss,  Babbitt,  etc.  For  this  reason,  the  principle 
and  operation  of  the  Orsat  only  will  be  given  here. 

Following  is  a  list  of  the  essentials  of  a  flue-gas  an- 
alyzing outfit : 

1  standarJ  Orsat-Muencke  flue-gas  analysis  apparatus. .  S20.00 

2  rubber  ;:a3  bags  for  pipettes  {5>  oOc.  each 1 .  00 

2  large  g.ass  bottles,  (m  oOc.  each 1 .00 

2  rubber  corks  for  bottles  @  15c.  each 0 .  30 

10  ft.  ailimony  rubber  tubing  (i  in.)  @  10c 1 .  00 

10  ft.  of  {-in.  glass  tubing  in  5-ft.  lengths  (6;  2c.  0.20 

4  Mohr's  pinch  cocks  @+  8c.  each 0.  32 

1  German-glass  funnel  (2-in.  size) 0. 10 

1  lb.  caustic  potash  (purified  sticks) 0  S.') 

i  lb.  p>TOKallic  acid '^11^ 

1  lb.  commercial  copper  oxide 0 .  oo 

I  lb.  muriatic  acid 0 .  .30 

10  ft.  copper  wire  No.  10  gage  @  10c I  00 

Total $26 .  92 

There  are  several  different  makes  of  Orsat  apparatus, 
such  as  Orsat-JIuencke,  Orsat-Lunge,  Orsat-Fischer.  etc. 
But  all  are  based  on  exactly  the  same  principle  and  differ 
only  in  regard  to  minor  details  of  construction.  For  in- 
stance, the  Orsat-Fischer  has  four  pipettes  instead  of 
three.    Just  what  a  j)ipette  is  will  he  clear  presently. 


All  predictions  of  past  years  that  coal  could  not  1)«  worked 
at  a  Kri-ater  depth  than  1500  ft.  no  lonjfer  hold  water.  .\t  the 
present  day,  accordiniE^  to  W.  K.  (iarforth,  president  of  the 
Eritish  Institute  of  Mining  Engineers,  coal  is  being  mined  at 
depths  exceeding  3000  ft.  The  adoption  of  a  system  of  long- 
wall  working  has  solved  the  question  of  superincumbent 
weight.  The  coal  is  exposed  to  this  w»  ight  for  a  very  short 
time  and   places  are  closed   up   rapidly. 


For  the  increase  of  the  Birmingham.  England,  municipal 
electric  supply,  it  is  proposed  to  erect  a  new  power  station  at 
Nechells,  with  an  ultimate  capacity  of  100.000  kw..  of  which 
10.000  are  to  be  available  for  the  winter  1915-16.  Marine  type 
water-tube  boilers,  fitted  with  superheaters  and  overhead 
economizers  are  to  be  erected.  Ashes  are  to  be  removed  from 
the  boilers  by  a  new  system  operated  by  air  suction.  The 
cost  of  the  first  Installment  of  the  station.  Including  the  ex- 
tensions required  In  substation  ertuipment  for  the  next  five 
years  Is  estimated  at  $2,346,000.  The  Summer  T.,ane  station 
(25,500  kw.)  Is  also  to  be  Increased  to  36.500  kw.  capacity  next 
year.  The  stations  at  Water  .St.  and  .Vston  have  3040  and 
4550  kw.   capacity,   respectively. 


OVER    THE    SPILLWAY 

JUST     JESTS,     JABS,     JOSHES     AND     JUMBLES 


Right  up  to  now,  we  believed  that  "imitation  is  the  sin- 
cerest  flattery."  Now  we're  skeptical — having  seen  the  cal- 
endar of  the  Viscosity  Oil  Co.  It's  well  named,  and  literally.- 
Anything  viscous  is  ropy  and  glutinous,  which  may  be  the  rea- 
son it  roped  our  "What  the  Diagrams  Tell,"  published  in  1910, 
and  glut(t)inously  adhered  to  it  in  every  detail  but  one — it 
did  not  photograph  the  word  "Power"  along  with  the  rest  of 
the  chart.  If  the  Viscosity  Oil  Co.  has  an  explanation  to 
offer,  all  well  and  good.  If  not,  we'll  take  it  for  granted  that 
it's  willing  to  stand  by  its  apparent  ignorance  of  the  meaning 
of  the  word  "ethics."  We  say  ethics  because  it  sounds  so 
real   polite;   it   could   be    made   stronger. 

Our  much  esteemed  cjpntemporary,    "Factory,"   is  as  meaty, 

juicy  and  appetizing  as  a  porterhouse  steak.     But .      If  we 

have  earned  our  right  to  be  critical,  we  ask  where  in  Tophet 
did  that  cubist  artist  get  the  idea  on  the  front  cover  that  a 
tornado  of  smoke  typifies  a  busy  factory?  The  more  Are 
the  less  smoke  is  Hoyle  today. 

Nothing  is  more  unconsciously  hypocritical,  remarks  Dr. 
Talbot,  than  "We  have  done  a  great  deal  for  our  employees." 
The  good  doctor  says  it  should  read:  "We  have  done  a  great 
deal  to  make  conditions  favorable  for  profitable  worli."  The 
lay  public  has  been  so  completely  carnegied  into  the  belief 
that  every  man  who  spends  a  dollar  on  bettering  his  plant  or 
shop  is  a  philanthropist,  that  it  is  refreshing  to  have  the 
actual   truth.      Hooray   for  the   doctor! 


WH.VT'S    IX    .-V    X.VMEf 

By    Billy    B.    Damm 

In  a  manner  of  speaking,  the  Bard  of  Avon  called  the  turn 
in  "Othello."  when  he  remarked.  "He  that  filches  from  me 
my  good  name  robs  me  of  that  which  not  enriches  him  anc'l 
makes  me  poor  indeed."  But  it  must  be  a  good  name,  and 
cpinion  differs  as  to  what  constitutes  a  good  name.  Now, 
there's  Orlando  Dammit,  of  Elmsford.  N.  C.  He  wants  thj 
state  solons  to  change  his.  The  joljesmiths,  wanting  to 
heckle  Orlando,  ask  why. 

I  ask  Dammit,  w-hy  NOT?  Dammit,  why  not?  I'd  change 
it.  Let's  see;  O.  Dammit — Orlando  D.  Mit — O.  Mit —  T  can  t 
get  it.  Dammit.  But  cheer  up.  Dammit.  Dammit,  cheer  up! 
Say,  Orlando,  supposing  you —  It's  no  use.  Dammit;  see  the 
legislature,  but  steer  clear  of  tliose  lobbyists  Blankitt  and 
Dashitt. 

Tour  not  alone.  Dammit,  in  your  difficulty.  We  once  knew 
a  grocer — nice  fellow,  but  a  little  light  weight — whose  sign 
read; 

"A.    SCHWINDLER" 
He  really  wasn't,  but  folks  kept  saying  so.     It  was  suggested 
that   he  get  a  new  sign  and   spell  out  his  Christian  name,   the 
first    in    ancient    histor.v.      The    new    sign    he    nailed    up    read: 

"ADAM  SCHWINDLER" 

You  certainly  haven't  forgotten  the  Dam  family.  Giv.  A. 
Dam,  fat  Willie  Dam,  Lena  Dam  and  Godfrey  Dam?  Think 
of  this  crowd  going  to  hear  Wagner's  opera  of  "Goetterdaem- 
merung"! 

Gretchen  Sehwein,  in  my  home  town,  up  and  married  Mil- 
ton Hogg,  and  the  envious  began  to  wonder  how  she  could 
have   made  a  Hogg  of  herself. 

Helga  Johansen  went  to  school  with  mo — a  real  nice,  joll.v 
girl,  and  we  called  her  Helga.  Some  of  us  fondly  called  her 
Hel — just  like  Liz.  for  Lizzie,  and  Gwen  for  Gwendolyn. 
We'd  see  a  girl  down  the  street  starting  off  for  school,  and 
Tommy  Rott  would  say;  "Billy,  that  looks  like  Hel!"  Well. 
she  did  and  she  didn't.  Many  of  the  fellows  would  go  to  Hel 
with  their  troubles,  she  was  that  sympathetic.  She  after- 
ward married  a  chap  named  Biers,  who  drank  himsidf  to 
death. 

There's  lots  In  a  name,  depending  on  the  point  of  view. 
I  knew  a  man  who  gave  his  to  sevi'U  different  ladies.  When 
ho  had  done  his  six  years  he  told  mi>  that  he  had  made  up 
his  mind  to  settle  down — he'd  already  settled  up  with  thn 
Irate  seven — and  get  married. 

Traugut  Walslngham's  mother  named  him  after  hiM-  grand- 
father, so  that  the  boys  couldn't  nickname  him.  They  called 
him    "Gutsy"    his    first    day    on    the    street. 

What's  In  a  name?  You  can  s.'arch  me.  as  Blink  Boffuin 
said    when    asked    wh.re    all    the    bugs    went    In    wintertime. 
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Steam=Boiler  Efficiencies 


By  a.  Jjk.mkxt* 


SYyOPSI.'^ — Anstrer  io  William  Kent's  criiicisnis  of 
the  e.rperi>Henis  on  transmission  of  heat  into  steam  boil- 
ers made  by  Henrij  Kreisinger  and  Walter  Ray  for  the 
Bureau  of  Mines. 

Under  the  above  title,  William  Kent,  in  the  October 
issue  of  the  Engineering  Digest,  severely  criticizes  ex- 
periments described  in  the  Bureau  of  Mines  Bulletin  No. 
18,  entitled  "The  Transmission  of  Heat  into  Steam  Boil- 
ers," by  Henry  T.  Kreisinger  and  Walter  T.  Eay.  In 
addition,  he  charges  the  bureau  with  wasting  money  and 
effort  in  executing  this  work.  The  research  was  a  worthy 
one.  Its  execution  was  in  the  hands  of  those  who  origi- 
nated it.  The  research  had  the  unqualified  endorsement 
of  Prof.  L.  P.  Brcckenridge,  who  had  charge  of  the 
steaming  tests,  and  his  influence  was  an  important  fac- 
tor in  advancing  the  experiments. 

Mr.  Kent  quotes  from  an  earlier  Bulletin,  No.  325, 
page  178,  as  follows:  '"The  authors  see  no  reason  why 
boilers  cannot  be  constructed  and  probably  operated  with 
entire  satisfaction,  which  will  produce  about  ten  times 
the  amount  of  steam  now  obtained  per  square  foot  of 
heating  surface  and  with  no  difficulty  in  obtaining  dry 
steam."  And  he  says  that  five  years  later,  in  Bulletin 
18,  the  authors  do  not  repeat  this  "extragavant"  state- 
ment, but  are  content  with  the  milder  one  that  "the  pres- 
ent steaming  capacity  can  be  tripled  and  quadrupled  by 
forcing  over  the  heating  surface  three  or  four  times  the 
weight  of  gases  now  passed  over  them." 

The  writer's  understanding  is  that,  when  the  authors 
made  the  lirst  statement,  they  had  in  mind  the  belief 
then  held  by  many  people  that  boiler  capacity  is  limited 
by  the  capacity  of  the  metal-heating  surface  to  convey 
heat  from  the  receiving  to  the  delivery  side  of  the  plate. 
What  they  probably  meant  was  that  the  heat  transmit- 
ting capacity  of  the  plate  or  tube  is  at  least  ten  times 
the  capacity  usually  expected  of  it;  there  is  no  evidence 
that  this  statement  is  not  true.  Before  the  bulletin  con- 
taining the  statement  was  published,  Mr.  Ray  made  for 
me  an  estimate  of  the  power  necessary  to  force  sufficient 
gases  through  a  boiler  to  insure  the  large  capacities  in 
question  and  his  figures  showed  that,  long  before  a  ca- 
pacity ten  times  greater  than  usually  obtained  was  se- 
cured, the  entire  steam  production  of  the  boiler  would 
be  required  to  furnish  power  for  the  draft,  even  with 
the  most  efficient  fans. 

Most  of  their  experiments  were  made  with  a  very  small 
boiler,  a  piece  of  laboratory  apparatus.  The  heat  was 
furnished  by  wire  coils  electrically  heated.  Air  passing 
over  these  coils  carried  heat  to  the  boiler  surface.  This 
arrangement  enabled  an  exact  regulation  and  avoided  the 
dangers  of  incomplete  combustion  incident  to  any  form 
of  fire.  Thus  it  eliminated  the  troublesome  variables 
which  cause  confusion  and  lead  to  erroneous  conclusions 
in  experiments  with  large  boilers  heated  by  combustion. 
Hence  the  small  boiler  was  justified,  notwithstanding 
Mr.  Kent's  argument  that  a  large  boiler  should  have  been 
employed. 

The  authors  make  prominent  what  they  call  "true  boiler 

•Consulting  Engineer,   29  South  I.a  Salle  St.,  Chicago.  111. 


efficiency,"  whu-h  allows  for  the  contents  of  a  boiler  being 
jiotter  than  the  atmosphere,  for  which  reason  less  heat 
will  flow  into  it  than  if  it  were  at  atmospheric  tempera- 
ture. All  heat  in  the  gases  below  the  steam  tempera- 
lure  would  not  be  available  to  the  boiler  and  is  not 
charged  to  it  in  the  true  boiler  efficiency.  Whether  this 
particular  expression  is  justified  and  some  other  would 
have  been  better,  may  be  questioned,  but  not  the  fact 
above  stated,  yet  Mr.  Kent  presents  several  examples  in 
an  effort  to  disprove  it.  Apparently  he  considers  this 
"true  efficiency"  analogous  to  constant  efficiency,  because 
his  calculations  which  give  a  discordant  result  instead  of 
a  constant  one,  embody  several  variable  conditions,  such 
as  initial  temperature,  capacity  and  steam  temperature. 
Mr.  Kent  states  that  "a  steam  boiler  has  no  efficiency 
which  depends  only  on  the  .structure."  This  seems  to 
be  his  principal  disagreement  with  those  adopting  newer 
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views  on  steam-generator  performance.  Evidently  he 
holds  to  the  old  theory  that  has  denied  individuality  to 
the  boiler,  and  insisted  that  instead  of  its  being  a 
definite  part  in  steam-generating  apparatus,  a  '"boiler" 
includes  boiler  proper,  fire  bars  or  stoker,  brick  walls, 
fire,  chimney,  etc.  He  states  that  it  can  have  no  efficiency 
which  is  not  dependent  on  its  operation,  meaning  that  of 
the  combined  apparatus  plus  condition  of  combustion, 
which  includes  all  the  possible  variables,  as  imperfect 
combustion,  fuel  lost  in  ashes,  excess  of  air,  etc. 

AVhen  such  an  eminent  authority  as  Mr.  Kent  states 
that  a  boiler  can  have  no  efficiency  based  on  its  structure, 
argument  to  the  contrary  calls  for  positive  proof.  In  the 
latter  part  of  Bulletin  18  are  some  examples  of  large 
boiler  performance  corroborating  experience  with  the 
small  boilers.  One  is  that  of  boilers  in  the  plants  of 
the  Commonwealth  Edison  Co.,  in  Chicago.  These  were 
of  the  box-header  water-tube  type,  having  no  baffles  nor 
division  plates  within  the  tube  surface. 

The  hot  gases  entered  at  the  bottom  of  the  tube  sur- 
face in  the  rear  and  left  at  the  top  in  front.  One  boiler 
had  two  horizontal  baffles  inserted,  as  shown  at  page  157 
of  Bulletin  18,  which  caused  the  gases  to  flow  in  a  much 
more  restricted  channel  than  before,  and  to  traverse  a 
distance  of  36  ft.  in  contact  with  the  ttibe  surface,  in- 
stead of  13  ft.  in  the  unbaffled  boiler.  The  two  boilers 
were  in  the  same  batterv  and  otherwise  identical.    There- 
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,  fore  any  difference  in  their  performance  must  be  due  to 
the  diiference  in  baiSing. 

In  the  tests,  the  batHed  boiler  had  one-third  less  draft 
in  its  furnace  than  the  other,  due  to  the  resistance  of  the 
baffling,  yet  it  evaporated  5  per  cent,  more  water,  and 
with  only  two-thirds  as  much  of  the  same  coal.  One  of 
these  boilers  absorbed  more  of  the  heat  flowing  through 
it  than  the  other,  and  did  so  because  of  its  structure,  for 
the  fire,  as  shown  by  gas  analysis,  was  the  same  for  each 
boiler. 

The  basic  claim  of  Messrs.  Ray  and  Kreisinger  is  that 
+he  velocity  of  the  gases  has  an  important  influence  on 
the  flow  of  heat  into  the  boiler.  In  this  connection  Mr. 
Kent  quotes  from  Bulletin  18  the  statement  that  "the 
eificiency  of  a  boiler  as  a  heat  absorber  can  be  increased 
by  arranging  the  heating  surfaces  in  such  a  way  that  the 
gas  passages  are  long  and  of  small  cross-section,"  which 
he  says,  "is  merely  a  deduction  from  unproved  hypothe- 
sis." Xevertheless,  this  is  just  what  was  done  with  the 
Commonwealth  boilers.  That  Mr.  Kent  makes  no  refer- 
ence whatever  to  the  work  of  Prof.  John  T.  Nicolson,  the 
tests  of  the  Interbdrough  Rapid  Transit  Co.  and  Com- 
monwealth Edison  Co.,  which  are  all  with  "actual  boil- 
ers," is  strange,  considering  a  review  of  Bulletin  18,  in 
which  these  appear,  could  not  properly  ignore  these  ex- 
periments. 

That  the  velocity  of  the  gases  has  an  effect  is  apparent 
without  the  evidence  of  such  tests.  An  object  at  lower 
temperature  will  be  heated  faster  by  a  flowing  current 
of  hot  air  than  by  air  without  motion,  just  as  a  person 
gets  colder  if  the  wind  blows  than  if  it  is  still,  the  tem- 
perature being  the  same. 

Three  Principal  Elements 

As  I  look  at  the  matter,  the  efficiency  of  a  boiler  is 
based  on  three  principal  elements  as  follows : 

1.  Form  of  gas  passages,  causing  the  hot  gases  to 
come  in  contact  with  more  or  less  heating  surface. 

2.  Time  in  which  the  heated  gases  are  in  contact 
with  the  heating  surface. 

3.  Velocity  of  the  hot  gases  in  their  flow  through,  or 
in  contact  with  the  heating  surface. 

Upon  this  basis  the  operali<m  of  the  triple-flow  boiler 
of  the  Commonwealth  Edison  Co.,  may  be  defined  as  com- 
pared with  the  single-flow  boiler  as  follows: 

A.  The  multiplicity  of  passages  carried  the  gases  into 
(•'intact  with  more  heating  surface. 

1j.  The  contracted  areas  necessarily  increased  the 
vrlocity. 

('.  The  length  of  travel  of  gases  being  greater  than 
''  increased  velocity,  they  were  con.sequently  among  the 
ing  surfaces  a  longer  time. 

.Vs  I  understand  the  conclusions  of  the  authors  of 
Bulletin  18,  they  consider  that  when  capacity  has  passed 
a  certain  point,  efficiency  becomes  constant.  Before  that 
point  is  reached,  however,  it  decreases  as  capacity  in- 
creases. Thus  efficiency  would  drop  as  capacity  increases 
until  this  point  is  reached,  after  which  it  would  become 
constant.  Mr.  Ray  informs  me  that  with  the  single-pass 
"i  lie  boilers  used  at  the  St.  Louis  E.xposition,  the  point 
onstant  efficiency  began  at  an  evaporation  of  6.9  lb. 
<ii  water  per  square  foot  of  heating  surface  per  hour. 
When  the  same  boiler  had  been  double-passed  by  the  in- 
sertion of  one  baffle,  efficiency  became  constant  at  an 
evaporation  of  4.3  lb.  of  water  per  square  foot.  Also  that 


with  an  average  2-in.  locomotive  boiler  tube,  constant  effi- 
ciency is  reached  at  a  capacity  of  3.5  lb.  evaporation. 
These  figures  are,  no  doubt,  based  on  average  furnace 
action;  variation  in  condition  of  combustion  would  have 
a  corresponding  effect  on  the  efficiency  of  operation. 

In  an  attempt  to  throw  some  light  on  this  problem,  I 
have  analyzed  the  very  excellent  and  important  tests 
made  by  Doctor  Jacobus  on  the  large  boilers  in  the  Delray 
station  of  the  Detroit  Edison  Co.  The  results,  as  he 
presented  them  in  a  paper  before  the  American  Society 
of  Mechanical  Engineers,  are  efficiency  of  operation  based 
on  coal  as  fired,  but  I  have  recalculated  the  tests  on  the 
basis  of  coal  as  burned,  neglecting  incomf)lete  combustion 
of  hydrocarbons,  a  small  but  unknown  quantity.  Only 
those  tests  for  which  a  heat  balance  was  made  are  avail- 
able. The  result  is  shown  in  the  accompanying  diagram. 
Two  curves  have  been  drawn.  The  broken  one  best  fits 
the  points,  and  shows  efficiency  declining  as  capacity  in- 
creases throughotit  the  full  range  of  tests. 

Unforttinately,  however,  for  this  version  of  the  matter, 
extending  the  curve  to  zero  evaporation,  at  which  point 
the  gases  would  leave  at  steam  temperature,  it  intersects 
the  ordinate  of  zero  capacity  at  an  impossible  efficiency. 
If  ill  drawing  the  curve,  it  is  started  at  88  per  cent,  effi- 
ciency, certainly  as  high  as  permissible,  it  necessarily 
takes  the  form  of  the  full  line,  indicating  that  efficieiuy 
becomes  constant  at  an  evaporation  of  four  pounds. 

I  feel  that  we  should  not  condemn  this  work  of  the 
Bureau  of  Mines  unless  there  is  more  ground  for  it  than 
critics  have  yet  advanced.  If  the  full-line  curve  in  this 
diagram  i^resents  the  truth,  it  is  certainly  a  matter  of 
the  greatest  economic  importance,  so  great  in  fact  that 
if  the  the  whole  cost  of  the  Bureau  of  Mines  to  dale  be 
charged  to  this  one  investigation,  it  would  be  had  at  low 
price. 

Ample  corroborative  proof  is  available  for  the  support 
of  all  claims  of  the  authors  of  Bulletin  18,  except  iliat 
of  a  constant  efficiency,  and  while  my  diagram  is  not 
conclusive,  I  hope  this  discussion  may  lead  to  further 
study  of  the  matter. 

Chicago  Federal  Plant 

During  the  Taft  administration  experts  investigated 
the  possible  saving  to  the  government  by  furnishing  its 
own  light  and  power  as  well  as  its  heat  in  the  federal 
building  in  Chicago,  containing  the  post  office. 

Although  their  report  indicated  that  $10,000  a  year 
could  be  saved,  political  influence  and  a  proposal  from 
the  Commonwealth  Edison  Co.  to  reduce  the  charge  led 
Secretary  Mac\'eagh  to  pass  the  question  to  Secretary 
McAdoo.  The  latter  has  shown  his  decision  by  awarding 
a  contract  to  the  Ilarrisburg  Foundry  &  Machine  Works 
for  the  engines  and  generators  at  a  cost  of  $42,000.  This 
is  taken  to  be  a  declaration  of  the  present  administra- 
tion's policy  in  matters  of  the  kind  and  it  is  anticipated 
that  there  will  be  many  more  additions  to  the  number 
of  plants  already  operated  by  the  government. 


Many  engineers  assume  that  most  boiler  explosions  are 
caused  by  some  mysterious  Influence  which  cannot  be  fore- 
seen or  guarded  tigalnst,  but  as  a  fact,  a  definite  cause  can 
be  given  for  most  explosions  of  conslder.ible  violence.  That 
a  larger  percentage  of  boiler  explosions  are  due  to  causes 
that  might  have  been  foreseen  and  prevented,  is  a  well  es- 
etabllshd   fact. — "Southern   Engineer." 
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American    Order   of    Steam  Engineers 
Convention 

The  tweuty-seventh  annual  convention  of  the  American 
Order  of  Steam  Engineers  and  the  eighth  annual  exhibi- 
tion of  the  American  Supply  Men's  Association  were  held 
in  Odd  Fellows  Temple,  Thiladelphia,  Penn.,  June  2 
to  6. 


^Men's  Association.  This  proved  a  most  enjoyable  affaii 
and  was  well  attended. 

Thursday  afternoon's  program  included  a  trolley  trip 
and  outing  to  Maple  Grove  Park,  with  the  usual  athletii. 
events  and  amusements.  An  interesting  feature  was  tht 
ball  game  between  the  engineers  and  the  supply  men.  The 
engineers  won,  the  score  being  9  to  7. 

bn  Friday  evening  the  closing  session  of  the  supreme 


The   Delegates   at  the   Philadelphia    Ci)Xvexti().v 


On  Monday  morning  there  was  a  session  of  the  supreme 
council  and  "the  delegates  were  seated.  Hon.  Rudolph 
Blankeuburg,  mayor  of  Philadelphia,  officially  opened  the 
convention  and  the  exhibition  in  the  evening. 

After  a  brief  session  on  Tuesday,  an  enjoyable  boat 
trip  on  the  steamer  "Thomas  Clyde"  was  taken,  the  party 
returning  to  the  city  at  6  o'clock. 

There  were  two  official  sessions  on  Wednesday,  and  in 
the  evening  at  8  o'clock  a  reception  and  entertainment 
were  given  under  the  auspices  of  the  Ameru  an  Supply 


council   was  held.     The  iollowing  supreme  officers  werf 
elected  for  the  coming  year : 

Chief  engineer,  George  W.  Goodwin,  Baltimore;  first 
assistant  engineer,  Harry  Tallifeare,  Atlanta;  recording 
engineer,  William  A.  Hardin,  Atlantic  City,  N.  J.;  cor 
respondent,  Edward  Reboul,  Germantown,  Penn.;  treas 
urer  engineer,  Michael  Helmstreit,  Philadelphia,  Penn. 
senior  master  mechanic,  Daniel  Buntin,  Philadelphia 
Penn. ;  junior  master  mechanic,  Charles  0.  M.  Bear,  Al 
leutown,  Penn.;  chaplain,  L.  J.  Callaway,  Philadelphia. 


The  Supply  Mex  and  Guests  at  the  Convention 


June  17,  iyi3 
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Peiui.;  iiLside  seutiuel,  Philip  Kirkwood,  Baltimore;  out- 
side seutiuel,  Henry  Messer,  Columbia,  Penn.;  trustee 
B.  B.  Heilman,  Reading,  Peun. 

The  next  convention  will  be  held  in  Baltimore. 

The  American  Supply  Men's  Association  elected  the 
following  officers:  President,  Fred  L.  Jahn;  vice-presi- 
dent, Harry  Souders;  secretary,  Charles  A.  Wilhoft; 
treasurer,  John  W.  Armour;  chairman  of  executive  com- 
mittee, Frank  Martin;  director  of  exhibits,  Hart  Hill. 

The  exhibitors  were :  Albany  Lubricating  Co.,  Anchor 
Packing  Co.,  Armstrong  Cork  Co.,  Baseler  &  Heinekeu, 
Inc.,  S.  F.  Bowser  &  Co.,  Inc.,  F.  H.  Brown  Packing 
Co.,  Buhne  Metal  Packing  Co.,  Collieries  Supply  & 
Equipment  Co.,  Cyrus  Borgner  Co.,  James  Y.  Colpitts, 
Uearljorn  Chemical  Co.,  Diamond  Power  Specialty  Co., 
Joseph  Dixon  Crucible  Co.,  R.  &  J.  Dick,  Ltd.,  Duemler 
&  Co.,  Economy  Fuse  &  Manufacturing  Co.,  Engineer- 
ing Supply  Co.,  Fairbanks  Co.,  Fisher  Governor  Co., 
Ford  &  Kendig,  France  Packing  Co.,  Frick  Grate  Co.. 
Garlock  Packing  Co.,  Greene,  Tweed  &  Co.,  Griscom-Rus- 
sell   Co.,   Hawkeye   Compound   Co.,   Home   Rubber   Co.. 

E.  F.  Houghton  &  Co.,  Paul  B.  Huyette  Co.,  Inc.,  Hazar.l 
Manufacturing  Co.,  Jenkins  Bros.,  H.  W.  Johns-Man- 
ville  Co.,  Kelly  &  Jones  Co.,  Keystone  Lubricating  Co.. 
Leavitt  Machine  Co.,  Local  Steam  Packing  Co.,  the  Lun- 
keiiheimer  Co.,  Lagonda  Manufacturing  Co.,  McArdlc 
&  Cooney,  McLeod  &  Henry  Co.,  National  Tube  Co., 
Nelson  A'alve  Co.,  George  B.  Xewton  Coal  Co.,  Xew 
York  Belling  &  Packing  Co.,  Power,  Philadelphia  Grease 
Manufacturing  Co.,  Peerless  Rubber  Manufacturing  Co., 
Pliihidelphia  Bourse,  Popular  Engineer,  Quaker  City 
Rul)ber  Co.,  E.  J.  Rooksby  &  Co.,  William  C.  Robinson 
&  Sons  Co.,  Frank  H.  Stewart,  Schade  Yalve  Co.,  Joseph 

F.  Schiller,  C.  E.  Squires  Co.,  Souihern  Engineer,  Texas 
Co.,  Travelers  Indemnity  Co.,  Trill  Indicator  Co.,  U.  S. 
Graphite  Co.,  H.  B.  L'nderwood  Co.,  Yacuum  Oil  Co.. 
Thomas  C.  Warley  &  Co.,  Watson  &  ]McDaniel  Co.,  Klisha 
Webb  &  Son  Co.,  Washburn  &  Granger,  Samuel  T.  Wil- 
son, Yarnall-Waring  Co.,  Warren  Webster  &  Co.,  Zurn 
Oil  Co. 

Illinois  State  N.  A.  S.  E.  Convention 

Tli<-  ninth  aiimial  convention  of  the  Illinois  .State  -Associa- 
tion of  the  National  Association  of  .Stationary  Engineers  was 
held    at    Rockford    on    May    28.    29    and    30. 

At  th<'  opening  session  on  Wednesday.  Rev.  F.  W.  Lynch 
pronounced  the  invocation,  followed  by  Mayor  W.  W.  Bennett's 
address  of  welcome.  National  President  .Tohn  F.  McGrath 
responded  and  other  appropriate  speeches  were  made  by  F.  E. 
Carpenter.  National  .Secretary  Raven.  John  W.  Lane,  editor  of 
the  "National  Engineer,"  and  XV.  L.  Osborne,  president  of  th  ■ 
Central  States  Exhibitors'  Association.  State  President  .John 
Morgan  was  then  Introduced  and  having  called  the  conven- 
tion   to   order   appointed    the   various   committees. 

After  the  brief  executive  sesslo  i  in  the  evening  the  dele- 
gates joined  the  visitors  at  the  Armory  where  the  exhibit  of 
the  thlrly-odd  members  of  the  exhibitors'  association  was  held 
and  an   impromptu   entertainment  was  given. 

Following  the  business  session  on  Thursday  morning  the 
delegates  and  visitors  enjoyed  an  automobile  ride  to  the  sev- 
eral beautiful  parks  and  other  points  of  local  Interest.  Tn 
the  afternoon  an  excursion  on  the  steamboat  "Illinois"  w.is 
taken  to  a  grove  8  mll<»  up  the  Rock  River  where  a  baseball 
game  between  the  engineers  and  suiiplymen  was  settled  in 
favor  of  the  former  with  a  score  of  S  to  X.  The  winners  are 
enl'tled  to  retain  for  another  year  the  silver  lovlng-eup  trophy 
which  was  donated  by  the  Supply  Men's  Association  a  year 
ago  and  which  was  won  by  the  rhlca.To  Engineers'  Visltint; 
Club  last   fall. 

On  Thursday  evening.  Prof.  D.  R.  ^fead.  of  the  T'niverslty 
of  Wisconsin,  was  to  have  given  a  lerture  on  "Hydro-Klectric 
Developments,"   but   as  he   was   unavoidably   called   away,   Os- 
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born  Monnett.  chief  smoke  inspector  of  Chicago,  lectured  on 
"Smolce   Prevention"  instead. 

The  annual  election  of  officers  was  held  on  Friday  morn- 
ing, resulting  in  the  choice  of  the  following:  W.  E.  Hill,  Rock 
Island,  president;  Fred  G.  Weller,  Peoria,  vice-president;  G. 
Anderson,  Chicago,  secretary-treasurer;  Henry  Misostow,  Chi- 
cago, state  deputy. 

The   next  convention   will   be   held   in    Peoria. 


Indiana  N.  A.  S.  E.  Convention 

The  Indiana  State  Association  of  the  National  Association 
oT  Stationary  Engineers  held  its  ninth  annual  convention  in 
Terre  Haute  on  June  4.  5  and  6.  with  the  Filbeck  Hotel  for 
headquarters.  The  mechanical  exhibit  by  the  Central  States 
Exhibitors'  Association  and  the  convention  sessions  were 
held  in  the  Knights  of  Pythias  Temple.  The  first  session 
was  called  to  order  by  H.  E.  Smith,  chairman  of  the  local 
committee,  at  9:30  a.m.,  Wednesday.  Mayor  Louis  Gerhardt 
then  welcomed  the  delegates  and  visitors  to  the  city  and 
National  President  John  F.  McGrath  responded.  After  ap- 
propriate speeches  by  H.  R.  Ihrie,  secretary  of  the  Terre 
Haute  Commercial  Club,  National  Secretary  Fred  Raven  and 
others,  the  supplymen's  exhibit  was  formally  opened  by 
President  Osborne,  and  a  brief  address  was  made  by  Past 
National   President   Charles    W.    Naylor. 

In  the  afternoon  visits  were  paid  to  the  water  works,  the 
American  Hominy  Mills,  the  light  and  power  station  and 
the  Prox  Machine  Co.  In  the  evening  Prof.  F.  Wagner,  of 
the  Rose  Polytechnic  Institute,  gave  an  illustrated  lecture  on 
"Steam   Turbines" 

At  the  Friday  morning  session  the  following  officers  were 
elected:  President,  George  R.  Fields,  Terre  Haute;  vice-pres- 
ident, Louis  Minke,  Evansville;  secretary.  Albert  Franke. 
Terre  Haute;   treasurer,   A.   T.    Arens,   South   Bend. 

In  the  afternoon  the  delegates,  visitors  and  supplymen 
enjoyed  a  30-mile  boat  ride  on  the  Wabash  River;  a  fish  fry 
was   served   on    the    boat. 


Stevens    Institute's    Forty-First 
Commencement 

The  forty-first  commencement  of  Stevens  Institute  of 
Technology,  Hoboken,  N.  J.,  took  place  on  June  10.  Sixty- 
five  men  were  graduated,  each  receiving  the  degree  of  me- 
chanical engineer,  the  only  degree  conferred  upon  graduation. 

The  valedictory  address  was  delivered  by  Jerome  Strauss. 
of  Bro.^klyn.  -'  f.,  who  was  also  honored  with  the  distinc- 
tion ct  winning  the  Stil.man  Prize  in  Applied  Technology, 
which  is  annually  awarded  lO  the  member  of  the  senior  class 
who  prepares  the  best  paper  on  a  subject  pertaining  to  ap- 
plied technology.  The  subject  for  the  prize  paper  selected  by 
the  Committee  of  the  Faculty  and  open  to  competition  among 
members  of  this  year's  graduating  class  was.  "Advantages 
and  Applications  of  the  Low-pressure   Steam   Turbine.  " 

Believing  that  our  readers  would  be  interested  in  review- 
ing Mr-  Strauss'  paper,  we  have  arranged  to  publish  an  ab- 
stract  of   the   same   in   an   early   issue   of   "Power  " 


Government  Light  and  Power  Plant 
for  Chicago  Post  Office 

Secretary  McAdoo,  of  the  Treasury  Department,  on  June  2. 
ordered  the  installation  of  the  Government's  own  lighting 
and   power  plant  in  the  Chicago   post-office  building. 

This  action,  ending  a  long  controversy  between  the  Treas- 
ury Department  and  a  private  contractor  as  to  the  ability 
of  the  Government  to  make  a  saving  through  the  operation 
of  its  own  plant,  forecasts  the  possible  extension  of  the  policy 
to  Federal  buildings  in  other  big  cities,  especially  New  York. 

For  Protection  of   Electric-Service 
Employees 

The  following  requirements  for  the  protection  of  em- 
ployees of  all  public-service  corporations  in  the  jurisdic- 
tion of  the  Public  Service  Commission,  First  District 
(New  York  City),  will  be  in  force  on  and  after  .July  1 : 

(li      All    high-tension    switch    compartments    shall,    so    far 


as  their  construction  will  permit,  be  so  inclosed  as  to  make 
it  impossible,  except  when  necessarily  opening  the  compart- 
ments, for  employees  to  come  in  contact  with  electrically 
charged  parts  either  from  or  above  the  floor  level. 

(2)  All  exposed  high-tension  cables  in  power  or  substa- 
tions shall  be  inclosed  by  screens  or  otherwise  protected. 

(3)  There  shall  be  posted,  in  conspicuous  places  in  all 
the  power  houses  and  substations,  diagrams  describing  and 
showing  the  relative  location  of  wires  and  cables  (except 
lighting  and  signal  wires)  and  the  switches,  etc.,  controlling 
them  and  all  such  wires,  cables  and  connections  shall  be  so 
tagged  and  numbered  that  they  may  be  readily  identified. 

(4)  All  machines  for  the  generation  of  current  or  con- 
nected with  such  generation  shall  be  so  protected  by  railings 
and  gratings  as  to  safeguard  operators  and  others  from  com- 
ing in  contact  with  moving  or  electrically  charged  parts. 

(5)  There  shall  be  at  least  two  operators  on  duty  in 
rotary-transformer  stations  delivering  current  at  500  volts  or 
higher    when    the    same    are    in    operation. 

(6)  AH  water-level  glasses  or  gage-glasses  on  tanks, 
standpipes,  or  other  storage  receivers  under  pressure,  shall 
be  protected  by  screens  to  prevent  injury  in  case  of  a  burst- 
ing  glass. 

(7)  Test  cocks  on  water  columns  shall  be  fitted  with  ex- 
tension rods  or  chains  so  as  to  be  operative  from  the  boiler- 
room   floor  level. 

(S)  All  stop  valves  on  steam  boilers  shall  be  of  the 
automatic   self-closing   type. 

(9)  Outlets    of   all    safety    valves   shall   be   vertical. 

(10)  All  furnace  doors  on  hand-fired  boilers  shall  be 
fitted  with  latches  or  catches  to  prevent  them  from  being 
blown   open. 

(11)  All  moving  parts  of  stokers  shall  be  so  protected, 
wherever  possible,  as  to  prevent  accidental  contact  with  such 
moving  parts. 

(12)  All  large  main  cutout  stop  valves  shall  be  provided 
witii  means  whereby  the  same  may  be  closed  from  the  boiler 
or   engine-room    floor   or  other    remote   point. 

(13)  All  large  steam  units  shall  be  fitted  with  automatic 
self-closing  valves. 

(14)  All  high-speed  engines  shall  be  fitted  with  auto- 
matic safety  stops. 

(15)  Elevator  wells  shall  be  properly  and  substantially 
inclosed,  secured  or  guarded  and  shall  be  provided  witli 
proper  traps  and  automatic  doors  in  or  at  all  elevator  ways 
so  as  to  furnish  substantial  covering  when  closed  and  to 
open  and  close  by  action  of  the  elevator  when  ascending  or 
descending. 

(16)  All  openings  in  floors  shall  be  roped  off  or  protected 
by  railings  when  left  unguarded,  and,  in  addition,  a  red 
light  shall  be  hung  in  the  immediate  vicinity  when  the 
location  is  unlighted  or  poorly  lighted. 

(17)  All  stairways  shall  be  provided  with  safety  treads, 
kept  free  from  oil  and  water  and  be  properly  protected  with 
hand-rails. 

(IS)  Shafting  running  along  or  passing  through  floors 
shall   be   housed   or  screened   or  otherwise   properly  guarded. 

(19)  All  belting  shall  be  inclosed  or  otherwise  protected 
wherever   accidental   contact   is   possible. 

(20)  Gear-case  covers  completely  inclosing  the  gears 
shall  be  fitted  to  all  machine  tools  and  be  kept  in  place  while 
such   tools   are   being   used. 

(21)  Set  screws  and  keys  in  exposed  positions  on  moving 
machinery  and  shafting  shall  be  countersunk  or  otherwise 
properly    protected. 

(22)  Buzz  saws  and  band  saws  shall  be  protected  so  as 
to   prevent   accidental   contact  with   saw    blades. 

(23)  Grinding  and  emery  wheels  shall  be  properly 
guarded  and  equipped  with  hoods  and  exhaust  pipes  to  draw 
oft  finely   powdered  material. 

(24)  Guard  glasses  shall  be  provided  for  employees  and 
used  by  them  when  engaged  upon  any  work  causing  chips 
or  fragments  to  fly.  and  wire  screens  of  a  portable  or  perma- 
nent type  shall  be  set  up  on  work  benches  or  around  em- 
ployees  engaged    in   chipping. 

(25)  A  sufficient  number  of  pails  of  clean,  dry  sand  must 
be  kept  in  all  power  stations,  substations,  auxiliary  and 
switching   stations. 

(26)  Power  stations,  substations,  auxiliary  and  switching 
stations  shall  be  provided  with  a  sufficient  number  of  chem- 
ical fire  extinguishers  of  such  a  type  that  the  contents  can- 
not act  as  an  electrical  conductor.  No  other  extinguishers 
shall  be  kept  for  use  unless  conspicuously  labeled  that  they 
are  not  to  be  used  until  current  has  been  shut  off. 

(27)  All  power  stations,  substations,  auxiliary  and 
switching  stations  and  shops  shall  be  provided  with  a  first- 
aid   or  emergency   kit. 

(2S)  Provision  shall  be  made  whereby  pulmotors  will  be 
available  in  case  of  accidents. 
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And  it  is  further  ordered  that  on  or  before  June  1,  1913. 
said  companies  and  said  receivers  adopt,  promulgate  and 
thereafter  rigidly  enforce  rules  and  regulations  to  govern 
their  employees  in  the  handling  of  high-tension  apparatus 
and  in  the  handling  of  steam  and  mechanical  apparatus  in 
power  stations,    substations   and    shops. 


The  next  annual  meeting  of  the  National  Conservation  Con- 
gress will  be  held  in  Washington,  D.  C.  Nov.  18,  19  and  20. 
Especial  importance  attaches  to  the  selection  of  Washington 
for  the  reason  that  certain  private  interests  opposed  to  con- 
servation have  recently  sought  to  make  it  appear  that  there 
is  lack  of  harmony  between  the  Conservation  Congress  and 
the  Conservation  Association.  That  Washington  was  chosen 
after  consultation  between  offlcers  of  both  organizations  shows 
that  the  congress  and  the  association  aru  working  as  a  unit 
with  identical  aims.  There  are  already  indications  of  a  rec- 
ord   attendance. 

Under  the  active  administration  of  President  Charles 
Lathrop  Pack,  the  work  of  the  National  Conservation  Con- 
gress is  making  gratifying  headway.  One  of  his  most  im- 
portant steps  was  the  appointment  of  a  forestry  committee 
of  which  the  chairman  is  Henry  S.  Graves,  Chief  Forester 
of  the  United  States  Government.  The  work  is  being  briskly 
advanced    by    this    committee. 

An  important  phase  of  conservation  to  be  considered  at 
the  W^ashington  meeting  involves  the  tremendous  fire  waste 
in  the  cities  of  America.  At  the  request  of  the  National  Board 
of  Fire  Underwriters,  the  Executive  Committee  has  agreed 
to  give  place  on  the  program  for  discussion  of  tliis  moment- 
ous question.  The  vast  loss  to  the  country  through  prevent- 
able fires  will  be  shown  in  concrete  and  comprehensive  form 
and  means  will  be  considered  for  minimizing  this  unnecessary 
waste. 

"Undoubtedly,  the  live  questions  of  forestry  and  water 
power  will  dominate  this  year's  congress,"  said  President 
Pack.  "Already  the  lines  are  being  drawn  for  a  fight.  This 
is  shown  by  misleading  reports  which  the  common  enemy  of 
conservation  have  been  scattering  to  the  effect  that  there 
might  not  be  harmony  between  ourselves.  As  to  water  power, 
the  Conservation  Congress  has  always  held  that  the  remain- 
ing sites  in  the  hands  of  the  Federal  Government  should  not 
in  any  way  pass  to  the  use  of  private  interests  without  safe- 
guarding the  treasure  now  the  property  of  the  people.  The 
report  of  the  able  committee  on  water  power  will  be  awaited 
with  great  interest.  They  are  to  report  at  the  November 
meeting  in  Washington." 


10,  on  the  "Victoria  Luise,"  of  the  Hamburg- American  Line. 
He  is  a  member  of  the  official  party  of  the  American  Society 
of  Mechanical  Engineers  on  its  way  to  attend  the  joint  meet- 
ing with  the  German  national  engineering  society,  the  Verein 
Deutscher  Ingenieure.  Mr.  Low  is  accompanied  by  Mrs.  Low 
and  their  son,  Giles,  and  will  visit  a  number  of  the  principal 
industrial  cities  in  Germany,  Great  Britain.  Switzerland  and 
Prance  before  returning  to  New  York  the  last  of  August. 

Charles  A.  Carels.  chairman  of  the  board  of  directors  of 
Carels  Freres,  of  Ghent.  Belgium,  is  visiting  the  United  States 
to  arrange  for  the  manufacture  of  the  Carels-Diesel  engine 
in  this  country.  Mr.  Carels,  as  representative  of  his  associ- 
ates, says  they  are  very  strong  believers  in  the  possibility 
of  the  development  of  the  Diesel  engine  in  the  United  States 
and  of  its  commercial  future.  They  have  recently  employed 
D.  G.  Baker,  an  American  engineer,  as  director-general  of 
production  at  their  plant  in  Ghent.  Mr.  Carels  is  visiting  a 
number  of  the  largest  machine  builders  with  a  view  of  buy- 
ing some  additional  American  tools  and  equipment  for  the 
Ghent  plant.  At  the  present  time  70  per  cent,  of  their  tools 
are  of  American  manufacture.  Mr.  Carels  is  now  on  a  trip 
to   Cleveland.    Cincinnati,    Detroit   and    other    points. 

George  R.  CroU,  general  superintendent  of  mechanical 
equipment  for  Thomas  Borthwick  &  Sons,  Ltd.,  Australasia, 
who  is  on  a  tour  in  this  country  and  Europe,  recently  spent  a 
week  in  Chicago  inspecting  the  meat-packing  plants.  He  is 
in  charge  of  the  five  Borthwick  plants,  two  in  New  Zealand  and 
three  in  Australia,  where  meats,  tallow,  wool,  etc.,  are  pre- 
pared  for  shipment   to   England   and   the  Continent. 

Mr.  Croll  stated  that  the  operating  conditions  throughout 
Australasia  compared  very  favorably  with  those  prevailing  in 
this  country.  The  eight-hour  day  is  universal.  At  the  plants 
under  his  charge  the  entire  engineering  force  is  employed 
steadily  through  the  year,  although  the  works  are  sh\it 
down  annually  for  several  months.  During  the  off-season 
the  men  are  employed  with  repairs,  renewals,  etc.  The  men 
are  each  given  a  two- weeks'  vacation  with  full  pay.  They 
obtain  their  meats  at  wholesale  prices  and  usually  have  a 
kitchen  garden  near  their  homes.  The  chief  engineer  is  pro- 
vided with  free  electric  light.  All  regular  overtime  work  is 
paid  for.  but  emergency  overtime  work  is  cheerfully  per- 
formed by  the  men  without  pay. 

As  a  fine  spirit  of  fair  play  usually  exists  between  em- 
ployers and  employees,  it  is  not  uncommon  for  men  to  spend 
their  lives  with  one  concern.  Mr.  Croll  grew  up  in  the  meat- 
export  business,  starting  as  an  apprentice  In  operating  engi- 
neering. He  has  been  a  reader  of  "Power"  for  23  years,  and 
encourages  his  men  to  read  it  regularly  by  providing  a  copy 
for  each  plant.  His  object  is  to  assist  the  young  men  to  the 
more  important  positions  constantly  being  created  by  the 
erection  of  additional  plants.  The  practice  of  promoting  men 
already    empIo\'ed    by    the    firm    pi-evails. 


PERvSONALS 


T.  Mhyre  Hofstad.  St.  Petersburg,  Alaska,  has  been  ap- 
pointed agent  for  that  territory  for  the  Blanchard  Machine 
Co.,  Cambridge,  Mass.,  manufacturers  of  oil  engines,  marine 
and   stationary. 

John  Kollln,  for  several  years  sales  manager  with  the 
Patterson-Allen  Engineering  Co..  has  been  appointed  general 
manager  of  the  Monarch  Specialty  Manufacturing  Co..  New 
York  City,  which  manufactures  and  deals  in  engineering 
specialties. 

H.  L.  Watson,  a  member  of  the  American  Society  of  Me- 
chanical Engineers,  formerly  sales  engineer  with  the  Allis- 
Chalmers  Manufacturing  Co.,  Milwaukee,  has  accepted  the 
position  of  sales  manager  for  the  De  Laval  Steam  Turbine 
Co.,  Trenton.   N.  J. 

H.  P.  Bouslog,  formerly  chief  engineer  of  the  lighting 
plant  of  the  Interstate  Public  Service  Co,  Shelbyvllle.  Ind., 
has  been  appointed  chief  engineer  of  the  power  station  of 
the  interurban  lines  of  that  company,  formerly  the  Indian- 
apolis, Columbus  &  Southern  Tiactlon  Co..  at  Edlnburg,  Ind., 
to  succeed   Levi   Crater,    who   has   resigned. 

John  R.  Wllde  has  been  appointed  chief  engineer  of  power 
plants  for  the  Detroit  Edison  Co.,  succeeding  B.  J.  Denman, 
who  resigned  May  1  to  take  up  executive  duties  with  the 
United  Light  &  Rys.  Co.  at  D.ivenport,  la.  Mr.  Wilde  has 
been  in  the  service  of  the  Detroit  company  for  a  number  of 
years.  J.  W.  Parker  has  also  been  appointed  chief  assistant 
engineer  of  power  plantH,  sharing  with  Mr.  Wllde  the  duties 
formerly  dlschareed   by  Mr.  Denman. 

F     R.    Low,    editor    of    "Power,"    sailed    for    Germany.    June 


BEUNHARD    SCHUCHARDT 

Bernard  Schuchardt,  head  of  the  well  known  firm  of 
Schuchardt  &  Schiitte,  died  in  Berlin,  Germany,  on  June  3, 
after  a  brief  illness. 

Mr.  Schuchardfs  connection  with  the  machinery-building 
industry  runs  back  over  a  period  of  some  30  years.  Early  In 
Its  experience  as  international  machinery  dealers  his  firm  bo- 
came  an  influential  factor  in  the  export  trade  of  the  Ameri- 
can machine-tool  Industry  and  it  steadily  grew  to  include  all 
of  the   principal    markets   of   the    world. 

Mr.  Schuchardt  was  consul-general  to  Norway  in  German\ 
and  held  honorary  appointments  from  the  German  govern- 
ment.     At   the   time   of  his  death    he   was  58   years  old. 


The  Greenfield  iMass.)  Electric  Loght  &  Power  Co.  has 
contracted  with  the  S.  Morgan  Smith  Co.  for  three  wicket - 
type  turbine  water  wheels  for  general  light  and  power  ser- 
vice. These  are  to  be  used  in  the  Gardner  Falls  Station,  and 
the  two  less  efficient  units  already  there  arc  to  be  used  only 
In  emergency  after  the  new  ones  are  installed.  The  latter 
win  be  the  first  concrete  scroll  case  wheels  In  New  England. 
Water  Is  carried  to  the  wheels  through  a  concrete  scroll 
In  a  manner  similar  to  that  developed  In  the  big  Keokuk 
power  plant.  Each  of  these  units  la  a  single  vertical  wheel 
directly  connected  to  an  umbrella  type  generator  operating 
.it  150  r.p.m.  Each  wheel  Is  rated  at  1450  hp.  with  a  37-fl. 
hriid  and  Is  67\i  In.  In  diameter.  The  exciter  unit  Is  ver- 
tical,  of    135    hp.   at   550   r.p.m.,   and   measures   16\4    In. 
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NEW     BOUIPMBNT 


ATLAr^TlC    COAST   STATES 

Plans  are  being  prepared  by  John  G.  Brown  for  the  con- 
struction of  a  power  plant  at  Ninth  St.  and  Allegheny  Ave.. 
Philadelphia,    Penn.,    tor   the    Electric    Storage    Battery    Co. 

Plins  are  being  prepared  by  the  Penn  Central  Light  & 
P„«-e?  Co  for  th?  construction  of  a  new  power  plant  at 
Ivimlmkbur-  Penn.  t<j  have  a  capacity  of  30,000  hp.  W  ar- 
re."partri^g°e'.    Clearfield,    Penn.,    is   general    manager. 

Plans    are    being    considered    by    the    Cambridge    Gas     Elec- 
tric Li"ht  &  Power  Co.  for  the  installation  of  new  equipment 
in  it^  power  pla^fat  Cambridge,  Md.     G.  Lobo   is  secretary. 
SOUTHERN    ST.\TES 

Stanley  Scott  and  associates  contemplate  the  construction 
of  an  electric-light  plant  at  Eastville,  Va. 

The  Southern  Utilities  Co..  Jacksonville,  Fla  is  consid- 
ering plans  for  the  improvement  of  its  various  plants,  tt.  c. 
Adams,  Jacksonville,   is  manager. 

Bonds  to  the  amount  of  $5000  have  been  voted  for  the 
installation   of   a   water   system    in   Passagrille.    *  la. 

The  Ballard  &  Ballard  Co  a  Louisville.  Ky  is  contemplat- 
ing adding  to  its  electrical  equipment  b>  the  installation 
umts   aggregating   200   hp. 

CEXTR.IL.    ST.-VTBS 

The    Coshocton    Light    &    Heating    Co.,    Coshocton,    Ohio,    is 
installation    of    additional    equipment    in    its 
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plant.      C.   H.   Howell    is   superintendent. 

\n  election  will  be  held  soon  at  which  the  proposition  to 
issue  S125.000  for  the  construction  of  a  municipal  electric- 
light  plant  at  Lancaster,  Ohio,  will  be  submitted  to  the  votirs. 

Boilers  and  other  power  equimpent  will  be  purchased  by 
the  Wood  Mosaic  Co..  New  Albany,  Ind.,  for  installation  m  its 
new  sawmill  at  Highland  Park.  Ky.  The  power  plant  of  the 
mill  which  was  recently  destroyed  was  a  total  loss. 

The  city  of  Portland.  Ind..  contemplates  an  expenditure 
of  .54000  for  the  installation  of  a  new  boiler  in  the  municipal 
electric-light   plant.      O.  O.  Clayton  is   city  engineer. 

The  village  of  Ahmeek,  Mich.,  contemplates  the  installa- 
tion of  a  water  system,   to  cost   $9000. 

Bids  will  be  received  bv  Homer  Fish,  village  clerk.  Saline, 
Mich.,  until  June  IS.  for  the  construction  of  a  water  sj'Stem. 
Estimated  cost.  $30,000.  Plans  have  been  prepared  by  the 
W.  J.  Sherman   Co.,   The  Nasby,  Toledo.   Ohio. 

Frugale  Power  Co.  is  considering  plans  for  the  con- 
struction of  a  power  plant  at  'Whitehall.  Mich.  Estimated 
cost,  from  $15,000  to  $20,000.  Frank  H.  Speese  is  engineer-in- 
charge. 

Plans  are  being  prepared  bv  the  Lewistown  Electric  Co.. 
Lewistfwn,  111.,  for  the  installation  of  additional  equipment 
in   its  power  plant.      C.  W.   King  is  general  manager. 

Plans  have  been  prepared  bv  Herman  Azzaline.  Sr.,  for  the 
construction    of   an    electric-light    plant   at    HoUandale,    u  is. 
^VEST    OF   THE    MISSISSIPPI 

W.  T.  McVaskv  &  Co.  Is  considering  the  construction  of 
an   electric-light   plant   at   Belmont,   Iowa. 

The  Holstein  Service  Co.  contemplates  the  construction  of 
an  electric-light  plant  at  Holstein,  Iowa.  W.  F.  Hutton  is 
secretary. 

W.  A.  Curtis  contemplates  the  installation  of  an  electric- 
light  plant  at  Maxwell,  Iowa. 

The  Mediapolis  Electric  Co.  has  been  granted  a  franchise 
to  construct  and  operate  an  electric-light  plant  at  Mediapolis, 
Iowa. 

At  a  recent  election  it  was  voted  to  construct  a  municipal 
electric-light  plant,   at  Russell,   Iowa. 

On  May  24  the  electric-light  plant  of  the  Warfield  Electrit 
Co.,   at   Bemidji,   Minn.,   was  destroyed. 

Bonds  for  $30,000  have  been  voted  for  the  construction  of 
an  electric-light  plant  and  water  system  at  Warroad,  Minn. 
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must  be  able  to  handle  men.  keep  plant  details  of  experience 
and   state  minimum  salary.     P.   O.   911,  Power. 

A  HUSTLER,  well  known  to  structural-steel  engineers 
and  contractors,  to  sell  high-grade  metal  paint;  acceptable 
opening  for  an  energetic  man  who  can  get  results.  The  Atlas 
Paint  Co.,   101    Park  Ave.,  N.   Y.      (Apply  in  forenoon.) 

AGENTS  to  sell  on  commission  mechanical  draft  blowers; 
prefer  men  who  handle  on  similar  basis  sales  of  grate  bars, 
tube  cleaners  or  other  boiler  accessories;  hustlers  wanted; 
state  experience  and   territory   worked.      P.    S55.   Power. 

AT  ONCE,  TWO  GOOD  ENGINEERS  and  one  chief  engi- 
neer for  1500-hp.  electric  light  and  power  plant  located  in 
Pennsylvania;  applicants  must  be  familiar  \vith  turbines 
and  switchboards;  state  experience,  age  and  salary  expected 
in  first  letter.     P.  O.   910,   Power. 

POvSITTONS    WANTED 

ERECTING  FLOOR  POREM.\N  by  an  erecting  engineer, 
at  present  employed  on  large  size  units.     P.  W.  916,  Power. 

BT  LICENSED  STK.\M  ENGINEER,  refrigerating  or  elec- 
tric; best  of  experience  and  reference;  executive  ability;  now 
employed.     P.  W.   909,   Power. 

A  TECHNICAL  MAN  wants  position  as  superintendent  of 
an  electric-lighting  and  refrigerating  plant;  age  34;  good 
reasons  for  changing.      P.   W.   915,   Power. 

NEW  YORK  REPRESENT.\TIVE  OF  STEAM  SPECIAL- 
TIES wishes  some  more  representations,  also  sole  agencies  ot 
England.      Gillett.    301    West    17th    St.,   New   York. 

DISTRICT  STEAM  HEATING  thoroughly  understood  by 
practical  mechanic;  at  present  in  charge  of  steam  and  con- 
densation meter  department,  desires  to  make  change.  P.  W. 
918,    Power. 

CHIEF  ENGINEER;  will  be  open  July  1;  13  years'  experi- 
ence in  railway  power  plant,  eight  years  in  manufacturing 
plant;  strictly  sober;  can  refer  to  present  employer,  P.  W. 
913.   Power. 

A  MECH.\NIC.A.L  ENGINEERING  GRADUATE  wants  posi- 
tion as  superintendent  of  power,  or  master  mechanic  with  a 
manufacturing  firm;  11  vears'  varied  e-xperience;  now  em- 
ployed.     P.   AV.    914,    Power. 

BY  AN  ELECTRICAL,  MECHANICAL  AND  EFFICIENCY 
ENGINEER,  who  has  had  20  years'  experience  in  teaching, 
designing,  constructing,  operating  and  managing;  graduate 
Cornell,  and  member  .\merican  Society  of  Mechanical  Engi- 
neers.     P.    W.    912.    Power. 

MANUFACTURERS  REPRESENTATIVE,  favorably  known 
and  of  wide  experience  in  modern  engineering,  wishes  to 
handle  power-plant  equipment,  engines,  boileps;  stokers,  etc., 
in  Pittsburgh  district.  Daniel  Ashworth.  M.  E.,  1225  Pulton 
BIdg..    Pittsburgh.   Penn. 

REFRIGER.A.TION  ENGINEER,  total  abstainer,  has  served 
two  years  as  chief,  desires  position  as  chief  in  either  absorp- 
tion or  compression  plant;  good  boiler  economy  and  machine 
capacity  guaranteed;  Middle  West  or  South  preferred;  less 
than  $125   not  considered;  good  references.      P.   W.   906,    Power. 


WANTS 


For  Sale,  five 
Miscellaneous 
No  abbreviated  words  allowed. 


Copy  should  1 


irds  for  keyed  address. 
;  payable  in  advance. 

>t   later  than  Tuesdav  10  A.  M.,  for  en 
addressed    .o  our  care,    505    Pearl    St., 


egardinfi 


advertiser's    address. 
_        Original  letters  of  recommendation  or  ether  papers  of  value  should 
=         not  be  inclose'i  to  unknown  correspondent. 
^        No  advertising  accepted    from   any  agency,  a 

=        charging  a  fee  for  "registration,"  or  a  comn  _ 

=        cessful  applicants    for  positions.  = 
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POSITIONS     OPEN 

SALESMAN — Thoroughly  competent  steam  specialty  sales- 
man; one  that  can  sell  high-grade  goods.  Address  M.M.  Co., 
Power. 

CHIEF  ENGINEER  for  central  station  of  about  10,000  kw. 
capacity    in    the    East;    turbines    and    reciprocating    engines; 


FOR    SALE 


22x48  BROWN  CORLISS  TYPE  ENGINE,  perfect  condition. 
$675.      Duzets   &   Son,   Hudson    Terminal,    New   York. 

20x42  HUGHES  &  PHILLIPS  tangye  frame  Corliss  engine; 
cost  $4000;  like  new;  $1200.  Duzets  &  Son,  Hudson  Terminal, 
New  York. 

20x42  LANE  &  BODLEY  HEAVY  DUTY  CORLISS  ENGINE; 
condition  like  new;  $900.  Eastern  Machinery  Exchange,  171 
Broadway,   New  York. 

GAS  ENGINE.  225  hp.  American  Crossley  horizontal  double 
cylinder,  opposed  22x30  in.,  with  Akerlund  producer;  located 
Columbia,  S.  C. ;  selling  account  cheap  hydro-electric  power; 
bargain.      F.    S.    904,    Power. 

ENGINES  AND  BOILERS.  12x36  St.  Louis  Cor.,  14x36  St. 
Louis  Cor.,  26x48  Fil.  &  S..  26x42x48  Cross  Compound,  $1400, 
2-250  HP.  Heine  Boilers.  2-lSO  HP.  Heine  Boilers.  2-72x18 
Boilers.  Send  for  complete  list  of  Engines,  Boilers.  Generators, 
Motors,  etc.     Harold  R.   Wilson  Machinery  Co.,   St.   Louis. 

GAS  ENGINE — One  Poos  vertical  15x20-in.  three-cylinder 
producer-gas  engine.  150  brake  hp..  speed  225  r.p.m.,  connected 
to  S-5%-E,  100  kw..  250-volt,  compound-wound,  direct-cur- 
rent Western  Electric  generator  with  field  rheostat;  approxi- 
mate weight,  49,000  lb.;  good  condition;  very  moderate  use 
for  about  two  years.      P.  S.   917,  Power. 

ONE  10xl6-IN  IDEAL  TANDEM  COMPOUND  CENTER 
CR.A;NK  steam  ENGINE,  100  i.hp.  at  270  r.p.m.;  high-pressure 
c>'linder  has  piston  valve,  low-pressure  cylinder,  balanced 
slide  valve,  operated  from  inertia  type  shaft  governor:  fly- 
wheel 5  ft.  8  in.,  15-in.  face:  steam  pipe,  4  in.;  exhaust.  5  in.; 
shaft,  5V-  in.:  over-all  dimensions.  5x11  ft.  7  in.;  one  10x9  sim- 
ple junior  Westinghouse  engine;  capacity,  50  i.hp.  at  335 
rpm-  flywheel.  3  ft.  6  in.  diameter,  no  belt  wheel;  steam 
pipe  3>'-.in.;  exhaust  4  in.:  shaft.  3%  in.;  over-all  dimen- 
sions. 3' ft.  8  in.  bv  7  ft.  2  in.  For  further  information  con- 
cerning these  engines  address  James  M.  White,  supervising 
architect.  University  of  Illinois,  I^rbana,  111. 

MISCELLANEOUS 

PATENTS  SECURED— C.  L.  Parker,  Patents  904  G  St, 
Washington,   D.    C. 

WANTED — One  350-  to  400-hp.  high-pressure  boiler.  Ad- 
dress   Wausau    Box    &    Lumber    Cu.,    Wausau,    Wis. 

WANTED — Additional  capital  for  L.-iwrenoe  Mfg.  Co 
incorporated  to  manufacture  and  exploit  rew  inventio 
ented  in  the  U.  S..  Canada  and  England;  for  particul: 
dress:  Lawrence  Mfg.  Co.,  Key  West,  Fla.,  or  George 
Mann.,   71  Wall  St.,  New  York. 


,  lately 
ns  i^at- 
rs  ad- 
Hiram 
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Power  Plant  of  Woolworth  Building 


By  Thomas  Wilsox 


SYXOPSIS — Sir  iraier-iube  boilers  of  2JfjJf  lip.  capacity 
■•oipplij  steam  to  four  tandem-compound  generating  units, 
icliich  furni.sh  electrical  energy  to  thousands  of  lights,  S':7 
traction  eleraiors,  motors  on  the  ventilation  and  for  other 
purposes,  and  exhaust  steam  for  104,000  sq.ft.  of  radiat- 
ing surface  supplied  by  a  return-line  vacuum  system. 
Features  are  the  provisions  for  .safety  on  the  elevators,  and. 
the  partial  condensation  of  steam  from  the  free  e.rhausl. 
The  remaining  vapor  is  pajf.'ied  into  the  smolt-e  flue  and 
from  tlie  exterior  no  .iteam  is  visible. 

The  world's  greatest  office  buildiug,  the  Woolworth, 
rising  !)10  ft.  above  bed  rock,  or  780  ft.  above  the  curlj, 
is  without  question  the  most  impressive  arehitecturnl 
structure  in  Xew  York  or  any  other  city.  With  an  ex- 
terior of  creamy -white  stone  and  terra  cotta  it  is  visible 
miles  from  the  city  and  at  night  the  lighting  features  arc 
specially  attractive.  Throughout  the  main  part,  the  de- 
sign is  a  combination  of  Italian,  French  and  modern 
Eenaissauce  with  Gothic  stee])les  at  the  roof.  Marble  ■<( 
many  varieties,  steel,  bronze  and  wire  glass  trim  the  in- 


Fio.   1.     Ti£i:  W(joj.\vonTii    Ucildixg 

terior,  and  in  the  arcade  the  design  and  decorations  are 
magnificent. 

For  a  building  of  such  mammoth  proportions  a  feu- 
popular  figures  concerning  the  construction  may  be  of  in- 
terest. When  it  is  considered  that  24,000  tons  of  steel, 
17.000,000  bricks,  50,000  cu.yd.  of  sand,  15,000  cu.yd. 
of  broken  stone,  7500  tons  of  terra  cotta  on  the  exterior 


and  28,000  tons  on  the  interior  for  partitions,  etc.,  53,000 
lb.  of  bronze  and  iron  hardware,  383,325  lb.  of  red  lead. 
3000  hollow  steel  doors,  and  over  3000  exterior  windows 
were  used,  some  idea  of  the  work  involved  may  be  ob- 
tai]ied.  There  are  S7  miles  of  electric  wiring,  43  miles 
of  plumbing  ])ipc.  l'.'  iiiilo  o[  marble  trim  and  12  miles 
of  slate  base. 


Fig. 


OxE  Side  of  the  Fitiixg  Alley  in  the 
BoiLi;i;  Rdoit 


The  main  part  of  the  Imilding  has  a  base  area  of  about 
l-"):!xl97  ft.  It  is  29  stories  high  and  its  contents  is  13,- 
■-'(  10.000  cu.ft.  The  tower  is  84x86  ft.  and  its  top  floor 
is  the  fifty-fifth  story  above  the  curb.  In  acres  the  rent- 
able office  space  totals  27,  and  elevators  and  corridors 
take  13  more.  The  total  weight  at  the  caissons  is  20G.- 
000,000  lb.  and  the  cost  of  the  building  completed,  about 
$13,000,000. 

The  plant  apparatus  installed  for  the  purpose  of  fur- 
nishing power,  light,  heat,  ventilation  and  refrigeration 
for  this  magnificent  building  represents  good  ofiice-build- 
ing  practice.  The  arrangement,  as  seen  by  the  accom- 
panying plan,  is  compact  and  convenient.  The  appurten- 
ances and  piping  con.stitnting  the  central  plant  are,  so  to 
speak,  woven  in  among  the  foundations  and  construction 
work  supporting  the  gigantic  superstructure.  An  impres- 
sion one  receives  when  first  entering  the  sub-basement  is 
that  too  little  space  has  been  allotted  for  the  mechanical 
equipment,  but  this  impression  is  gradually  removed  when 
the  visitor  stops  and  observes  that  there  is  a  space  for 
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cvon-tliing  and  everything  is  in  its  place  in  a  manner 
wliicli  permits  l)otli  inspection  and  rejiairs  wlien  needed, 
and  affords  an  nnliampered  i'reedoni  I'or  etrective  opera- 
ti<jn. 

'I'lIK    Boil.KK     I'l.ANT 

Six  B.  &  \V.  boilers,  rated  at  -^l.")!  lip.  capacitv.  arc  in- 
stalled and  equipped  to  generate  steam  at  high  pressure. 
The  hollers  have  wrought-steel  headers  and  each  is  com- 
posed of  two  42-in.  steam  and  water  drums,  one  wrought- 
steel  mud  drum  and  a  set  of  tube  sections  having  12  tubes 
each.  I  ill.  in  diameter  and  18  11.  loiig.  Four  of  the 
boilers  arc  built  up  of  Ifi  tube  sections  and  two  have  18 


sections.  The  four  IG-.section  boilers  arc  set  in  batteries 
of  two,  and  the  wider  boilers  are  set  singly.  The  boil- 
ers are  su.spended  on  steel  framing  indejiendent  of  the 
brick  settings.  Provisions  are  made  in  the  settings  for 
forced-bla.st  in.stallation,  and  the  boilers  arc  so  hung  that 
mechanical  stokers  can  l)c  installed  whenever  such  will 
be  required  to  burn  bituminous  I'oal.  For  the  present 
Treadkill  dumping  grates  arc  provided  and  the  boilers 
are  hand  fired  with  anthracite  coal. 

The  smoke  flue  is  «  ft.  6  in.  in  dianicter  and  over  700 
ft.  high.  Tt  terminates  in  one  of  the  corner  towers  where 
the  products  of  combustion  are  discharged  through  ojien- 
ings  around  the  peak  of  this  tower.     These  opi-niugs  are 
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worked  into  the  design  iii  such  nuinnor  lluit  they  ure  in- 
visible from  the  street. 

The  draft  is  powerful  on  account  of  the  great  height, 
and  as  a  special  means  for  preventing  an  undue  amount 
of  ashes  and  cinders  from  being  carried  up  and  discharged 
into  the  atmosphere,  as  frequently  is  the  case  in  high 
buildings,  settling  chambers  are  provided  in  the  horizon- 
tal smoke  connections  in  the  sub-basement.  There  are  two 
of  these  settling  chambers  or  pockets,  one  for  each  side 
of  the  boiler  room.  Each  pocket  is  in  the  form  of  an  en- 
largement of  the  smoke  connection,  in  which  V-shaped 
baffles  are  suspended,  against  which  the  cinders  are  cast 
by  the  force  of  the  draft  and  thus  intercepted  and  caused 
to  settle  down  into  the  bottom  pan  of  the  iJocket,  from 
which  they  can  be  readily  removed. 

In  connection  with  the  disposal  of  the  products  of  com- 


The  coal  storage  is  located  below  the  sidewalk  and  has 
a  capacity  of  750  tons.  The  coal  is  brought  to  the  boil- 
ers in  charging  cars  run  on  an  industrial  railway.  The 
ash  hoist  is  located  on  the  same  side,  and  the  ashes  from 
the  boilers  as  well  as  the  cinders  from  the  settling  cham- 
bers are  taken  in  barrels  on  flat  top  cars  to  the  ash  lift 
and  raised  to  the  sidewalk. 

B0ILKK-I{0()J[  AUXILIABIES 

The  auxiliaries  to  the  boiler  plant  are  situated  in  the 
two-story  pump  room  immediately  adjoining  the  boiler 
loom,  and  between  it  and  the  engine  room.  Here,  at  the 
boiler-room  level,  are  located  two  12  and  7^^  by  lo-in. 
Worthington  horizontal  feed  pumps,  of  the  outside-packed 
plunger  pattern;  the  house  and  fire  pumps,  five  steam 
and    one    clectricallv    driven ;    two    steam-driven    sump 


Fig.  i.   Gexeratok  End  of  Two  op  the  Laegeii  Uxit.s 


bustion  there  is  also  another  and  distinctly  novel  feature 
in  the  way  in  which  the  steam  from  the  free  exhaust  pipe 
is  made  to  disappear.  The  principle  is  as  simple  as  it  is 
effective,  and  fails  only  at  such  intervals  when  the  draft 
is  checked  by  the  damper  regulator.  The  exhaust  steam 
is  discharged  to  the  atmosphere  with  the  hot  chimney- 
gases,  with  the  result  that  the  steam  is  made  invisible  as 
long  as  there  are  flue  gases  of  sufficient  heat  and  volume. 
The  mixing  of  the  two  products  is  accomplished  at  the 
forty-sixth  story,  where  the  smoke  flue  and  the  free  ex- 
haust both  had  to  be  transferred  horizontally  on  account 
of  structural  features.  The  exhaust  steam  is  in  this  story 
passed  through  a  condenser  tank  somewhat  in  the  form 
of  a  return-tubular  boiler,  over  the  shell  and  through  the 
tubes  of  which  air  is  drawn  by  a  fan  for  the  purpo.se  of 
condensing  as  much  of  the  steam  as  possible,  the  remain- 
ing vapor  being  passed  directly  into  the  smoke  flue  and 
mixed  with  the  chimney  gases  in  their  transit  to  the 
atmosphere. 


pumps ;  one  steam  and  one  electric  air  compressors  for 
the  sewage  ejectors ;  the  muffler  tank  for  the  2'2-in.  main 
exhaust  line  from  the  generator  engines;  the  low-pres- 
sure drip  tank  and  pump,  the  two  vacuum-return  pumps 
and  the  receiving  tank  for  the  returns  from  the  heating 
.system.  The  blowoff  pump  with  its  tank  is  located  in 
the  boiler  room. 

On  the  upper  level  of  the  ]nimp  room  are  located  two 
Blackburn-Smith  feed-water  filters;  one  Reilly  multicoil 
feed-water  heater;  one  AVorthington  feed-water  meter; 
eight  heaters  for  the  hot-water  service  of  the  plumbing 
system ;  the  grease-extractor  tank  for  the  12-in.  exhaust 
line  supplying  steam  to  the  hot-water  heaters  and  the 
tempering  coils;  two  air  compressors  for  the  automatic 
heat  control ;  two  steam-driven  circulating  pumps  for  the 
plumbing  system;  two  electrically  driven  air  compres- 
sors for  the  pneumatic  message  system ;  and  se\eral  venti- 
lating fans,  as  well  as  the  engineer's  office,  which  is  at 
a  higher  level  than  the  engine  room. 
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ExGixE  Room 

The  engine  room  contains,  besides  the  electric-generat- 
ing plant  and  the  switchboard,  a  20-ton  refrigerating  ma- 
chine of  the  compression  type.  The  electric-generating 
plant  is  made  up  of  four  direct-connected  units,  of  which 
two  are  of  500  kw.,  one  of  300  kw.  and  one  of  200  kw. 
cai)acity.    The  engines  are  of  the  Rice  &  Sargent  tandem 


Fig.  5.    Condexsixg  the  Steam  ekom  the  Free 

EXHAFST 

compound  type,  and  run  at  100  r.p.m.  The  dynamos,  as 
well  as  the  balancer  sets,  of  which  there  are  three,,  are 
General  Electric. 

Directly  opposite  the  switchboard  and  about  on  a  level 
with  the  chief  engineer's  office  is  an  observation  gallery, 
inclosed  in  glass,  which  overlooks  the  entire  engine  room. 
The  engine  room  is  finished  in  white  and  tiled  on  both 
walls  and  floor,  which  finish,  together  with  the  copper 
trimmings  on  the  switchboard  and  the  polished-metal 
surfaces  on  the  machinery,  presents  an  attractive  appear- 
ance. No  pipe  work  or  ducts  are  visible  in  the  engine 
room,  all  being  concealed  in  the  suspended  ceiling  over 
Ibis  room  and  in  the  pijie  cellar  underneath.  A  clear 
head  room  of  13  ft.  exists  |iiac1ii;illy  throughout. 

I'll'INO 

Both  the  power  main  and  the  feed  main  are  run  on  the 
loop  princi])le.  The  feed  main,  wliicli  is  5  in.  in  diam- 
eter, is  made  of  brass  pipe,  so  valvod  that  the  boilers  can 
l)e  fed  in  either  or  both  directions  of  the  circuit,  making 
it  possible  in  the  event  of  a  break  in  this  line  to  shut  oil 
any  .section  for  repairs.  In  addition  to  this,  an  auxiliary 
c  old-water  feed  line  is  provided  through  which  the  boil- 
ers can  be  filled  and  washed  when  desired,  as  well  as  fed 
through  tiu'  injectors  .should  the  regular  feed  line  or  feed 
ptimps  be  out  of  commission.  All  the  feed  jiiping  is 
covered  with  nonconducting  material  except  the  in- 
dividual branches  connecting  with  the  boilers,  which  are 
niflde  up  of  polished  pipe  and  fittings. 

The  main  power  line  is  arranged  on  the  same  jirinciple, 
with  valves  jjlaced  in  the  run  at  intervals  to  jiermit  cut- 
ting out  any  desired  .section  in  case  of  repairs.  In  ad- 
dition to  the  hand   valves  each   branch   frf)m   the  boilers 


connecting  with  the  main  power  line  has  also  been  pro- 
vided with  a  triple-duty  emergency  stop  and  check  valve. 
All  branches  leading  from  this  main  have  in  no  case  less 
thtm  two  valves.  The  portion  of  the  power  main  within 
the  engine-room  section  is  carried  through  the  pipe  spaces 
beneath  the  engine-room  floor,  where  connections  are 
taken  off  to  two  steam-distributing  drums  through  which 
the  engines  are  supplied  with  steam.  Each  of  these  drums 
is  33  in.  in  diameter  and  15  ft.  long,  built  of  openhearth 
steel  with  triple-riveted  butt-strapped  seams  and  anchored 
to  concrete  foundations.  All  valves  on  the  connections  to 
and  from  the  drums,  as  well  as  the  valves  on  the  exhaust 
pipes,  which  are  also  located  in  the  pipe  cellar,  are  pro- 
vided with  floor  stands  for  operation  from  the  engine- 
room  floor. 

All  high-pressure  steam  pipes  5  in.  in  diameter  and 
over  are  made  up  of  standard  full-weight  steel  pipe  with 
Van  Stone  flanged  ends  and  heavy  rolled-steel  flanges 
and  fittings  of  extra-heavy  gim  iron.  All  smaller  high- 
pressure  steam  pipes  are  made  up  of  extra-strong  wrought- 
iron  pipe  with  heavy  cast-iron  fittings.  All  large  exhaust 
pipes  are  also  made  up  of  steel  pipe  with  Van  Stone 
flanged  ends,  but  the  flanges  on  these  pipes  are  of  stand- 
ard weight,  rolled  weldless  steel  and  the  fittings  are  of 
cast  iron.  Bent  pipes  are  used  wherever  possible  to  mini- 
mize joints  and  fittings  and  so  as  to  afford  ample  pro- 
vision for  expausion  and  contraction  without  the  use  of 
expansion  joints. 

Drips  from  the  muffler  tank,  grease-extractor  tank  and 
the  exhaust  piping  in  general  which  contain  oil  are  lead 
to  and  collected  in  the  lo'.v-pressure  drip  tank,  from  which 
they  are  pumped  into  the  sewer.  All  high-pressure  drips 
and  other  drips  which  do  not  contain  oil  are  discharged 
into  the  receiving  tank  and  utilized  for  boiler  feed. 

All  piping,  as  well  as  the  steam-distributing  drums, 
tanks  and  other  hot  appurtenances  are  covered  with  mag- 
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nesia.    The  covering  on  the  distril)uting  drums,  the  power 
piping  and  the  exhaust  jiiping  is  of  d(uil)le  thickness. 

Ki.ECTiiiivi.  Ixs'i'Aij.Arniv 

The  number  and  cai)acity  of'tlie  generators  was  given 
in  a  ])revious  paragrajib.  The  building  is  wired  on  the 
three-wire.  125-2.5()-vol|  svstein.  and  two-wire  generators 
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with  balancer  sets  ai'c  installed.  The  total  installcil  load 
in  lamps  is  approximately  400  to  500  kw.,  and  the  total 
installed  load  in  power  is  approximately  1400  kw..  in- 
eluding  the  electric  elevators. 

Perhaps  the  most  interesting  thing  about  the  wiring  is 
the  vertical  length  of  some  of  the  feeders  supplying  the 
upper  iloors.  The  longest  feeder  runs  from  the  switch- 
board to  a  panel  at  the  fifty-seventh  tloor,  a  total  distance 
of  1000  ft.,  liaviug  a  vertical  rise  of  740  ft.  The  strain 
on  the  vertical  section  of  these  feeders  is  relieved  by 
means  of  clamps  located  about  10  ft.  a])art.  The  total 
number  of  outlets  installed  in   the  building   is  appro.\i- 


rise  elevators  in  the  world.  While  it  is  true  that  elevator 
service  is  provided  in  the  Eilfel  Tower,  to  a  height  of 
nearly  1000  ft.,  it  is  necessary  to  use  three  elevators  to 
reach  the  top,  the  highest  rise  of  a  single  elevator  being 
approximately  450  ft. 

The  express  elevators  in  the  Woolworth  Building  run 
at  a  speed  of  700  ft.  per  min.,  and  are  capable  of  lift- 
ing 3000  lb.  at  that  speed.  All  of  the  elevators  (with  the 
exception  of  the  shuttle  and  iiank  elevators.)  are  of  the 
Otis  gearless  electric-traction  type. 

In  this  brief  description  mention  can  be  made  of  only 
some  of  the  more  important  safety  devices  which  have 
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mately  12,000.  and  the  sizes  of  lamps  vary  from  25  to  GO 
watts. 

Elevator  Equipmext 
There  is  a  total  of  28  elevators  installed  in  the  build- 
ing, and  one  sidewalk  lift.  The  main  group  consists  of 
24  elevators,  two  of  which  run  from  the  ground  to  the 
iifty-first  floor ;  two  to  the  forty-sixth  floor  and  two  to  the 
forty-first  floor.  Four  elevators  run  from  the  ground  to 
the  twelfth  floor,  and  the  14  remaining  elevators  in  the 
main  group  run  from  the  basement  to  the  twenty-seventh 
floor.  Two  additional  elevators,  at  the  rear  of  the  build- 
ing, serve  for  freight  and  employees,  as  well  as  for  the 
occupants  of  the  building,  these  two  elevators  running 
from  the  basement  to  the  twenty-eighth  floor.  In  addi- 
tion, a  shuttle  elevator  is  provided  to  run  to  the  observa- 
tion gallery  from  the  fifty-first  to  the  fifty-fourth  floor. 
An  elevator  is  also  provided  to  run  from  the  bank  at  the 
second  floor  to  the  bank  vaults  in  the  basement.  The 
two  cars  running  from  the  ground  to  the  fifty-first  floor 
have  a  rise  of  (580  ft.,  and  these  elevators  are  the  highest 


been  provided.  These  are  the  under  car  safety  operated 
by  a  governor  placed  overhead,  oil  buffers  placed  under 
each  car,  a  retarding  and  latching  device  at  the  top  of 
each  hatchway,  limit  switches  at  the  bottom  and  top  of 
travel,  a  speed  governor  and  potential  .switches  operated 
by  a  governor,  a  switch  attached  to  the  .safety  plank  on 
the  under  car  safety,  and  an  emergency  wheel  and  safety 
switch  inside  of  the  car  itself.  In  addition  to  this  the 
traction  type  of  elevator  has  the  great  inherent  safety 
feature,  due  to  the  fact  that  if  either  car  or  counter- 
weight overtravels,  the  tractive  force  is  lost,  owing  to  the 
weight  of  the  car  or  counterweight  being  removed  from 
the  hoisting  cables.  Furthermore,  there  are  a  great 
number  of  electrical  safety  features,  which  form  a  part 
of  the  controlling  equipment  which  safeguard  the  oper- 
ation of  the  cars.  For  example,  if  the  current  fails 
for  any  reason  whatever,  a  switch  is  opened  and  the 
br,ake  instantly  applied.  Bypass  resistance  is  also  cut 
into  the  armature  circuit  under  certain  conditions  whicli 
also  tends  to  bring  the  ear  to  rest. 
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In  addition  to  all  of  the  safetj'  devices  just  mentioned, 
air  cushions  have  been  provided  for  all  of  the  elevators  in 
the  building.  They  consist  of  a  heavy  steel  structure,  in- 
closing each  elevator  hatcliway  separately,  with  reinforced 
concrete  placed  between  the  1-beanis.  In  addition  the  in- 
ner side  of  the  shaft  is  lined  with  heavy  sheet  metal.  As 
the  car  approaches  the  Ijottom  of  the  travel  and  enters 
the  zone  of  the  air  cushions,  the  air  pressure  underneath 
the  car  is  increased,  and  this  will  l)e  slightly  noticed  when 
riding  in  the  car.  Of  course,  the  theory  is  that  if  all  the 
other  safety  devices  should  fail  and  the  Ciir  fall,  the  air 
would  be  so  rapidly  compressed,  it  would  not  have  time 
to  escape  through  the  automatic  valves  or  the  clearance 
space  around  the  i-ar.  and  the  speed  of  the  car  would  be 
retarded. 

An  elevator  dispatcher's  system  has  been  devised  which 
will  be  used  in  the  building  for  the  first  time.  Briefly, 
tlie  system  consists  of  a  dispatcher's  station,  located  on 
the  mezzanine  floor,  just  above  but  in  view  of  the  main 
group  of  elevators  on  the  ground  floor,  and  the  sole  duty 
of  the  dispatcher  is  to  start  the  cars  and  to  make  them 
conform  to  a  given  schedule  as  nearly  as  possible.  For 
this  purpose  the  station  is  provided  with  a 'lamp  an- 
nunciator, which  shows  instantaneously  the  position  of 
each  car,  and  a  telephone  switchl)oard  which  enables  him 
to  communicate  with  each  of  the  oi)erators.  and  also  a 
push  Ijulton  which  rings  a  liell  or  liuzzer  in  the  car. 
Heatixc 

The  entire  building  is  heated  by  ilirect  radial imi.  with 
steam  at  low  pressure,  circulating  through  a  two-pipe  sys- 
tem, of  which  the  return  lines  are  under  a  slight  vacuum, 
(ommonly  known  as  a  return-line  vacuum  system.  Ap- 
]iroximately  104,000  sq.ft.  of  radiating  surface  is  installed, 
which  surface  is  divided  into  2990  units.  The  radiators 
are  of  the  American  Radiator  Co.'s  manufacture  and  are 
equipped  with  Dunham  valves. 

Exhaust  steam  from  the  electric-generating  plant, 
jnimps  and  other  steam-driven  appurtenances  is  utilized 
for  iieating  and  supplemented  with  live  steam  reduced 
to  proper  pressure  when  necessary.  The  main  exhaust 
line  leading  to  tiie  heating  .system  is  22  in.  in  diameter 
II])  to  the  point  where  the  l)ranch  is  taken  off  for  con- 
nection with  the  feed-water  heater.  At  this  point  the  ex- 
haust main  is  reduced  to  20  in.  diameter,  which  size  is 
carried  uj)  to  the  pipe  gallery  between  the  twenty-sixth 
and  twenty-.'^eventh  stories,  where  an  IS-in.  branch  is 
taken  off.  This  branch  or  nuiin  is  run  around  the  i)ipe 
gallery  aiul  connected  with  risers  feeding  downward  to 
all  the  radiators  on  the  lower  floors,  and  with  all  risers 
feeding  njiward  to  the  radiators  <.ii  the  twenty-seventh, 
twenty-eighth  and  twenty-ninth  floors.  The  vertical  line 
above  this  i)ipe  gallery  is  reduced  to  18  in.  in  diameter 
and  run  up  to  a  second  pipe  gallery  located  between  the 
forty-first  and  forty-second  stories,  where  a  10-in.  branch 
is  taken  off,  sui)plying  risers  feeding  downward  to  the 
Ihirtieth  story  and  upward  to  the  1o])  of  the  building. 

The  return  lines  corres])onding  U>  the  distributing  sy.s- 
lem  in  tile  upper  pipe  gallery  are  connected  into  two 
mains,  one  run  in  Ihe  upi)er  and  the  other  in  the  lower 
ju'pe  gallery,  from  which  levels  they  are  run  down  to  the 
sub-basement.  The  return  lines  corresponding  to  the 
risers  for  the  lower  distributing  system  are  all  run  down 
from  the  twenty-ninth  floor  to  the  sub-1)ii.<ement.  where 
tliev   are  connected   into  one  main    return.     This  main 


and  the  mains  from  the  upper  stories  are  all  connected 
with  the  vacuum  return  pumps  after  being  passed 
through  dirt  catchers. 

Automatic  temperature  control  is  provided  for  all 
radiators  in  the  public  rooms  in  the  ba.^ement  and  the 
banking  rooms  on  the  second  and  third  floors.  All  other 
ladiators  are  controlled  by  hand. 

^■EXT^,ATIX(;    Al'I'AIiATUS 

A  total  of  approximately  170,000  cu.ft.  of  fresh  air 
per  minute  is  supplied  by  mechanical  means  to  the  sub- 
basement,  basement  and  the  banking;'  rooms  on  the  second 


Fig.  8.    Typical  Fax  axd  iloroi;   Ixsi  ali.atiox   for 

\'i:XTII.ATI()X 

and  third  floors,  and  ajiin'oxiiiiatcly  182.000  cu.ft.  of  air 
])er  minute  is  exhausted.  In  addition  to  this  al)out  29,- 
000  cu.ft.  per  min.  is  exhausted  from  kitchen  hoods,  about 
28,000  cu.ft.  per  min.  from  toilets  in  the  u]>per  stories 
and  about  8000  cu.ft.  ])er  min.  from  the  room  on  the 
forty-sixth  floor  in  which  the  condenser  lank  for  the  free 
exhaust  is  located. 

All  the  air-.supply  fans,  seven  in  numlier,  and  the  ex- 
haust fans  serving  the  engine  room,  the  boiler  room,  the 
banking-room  space  and  the  kitchens  (six  in  all),  are 
ifassachusetts  centrifugal  fans,  with  the  exception  of 
two,  which  arc  of  the  Howard  &  Morse  disk  type.  The 
fans  are  driven  by  direct-connected  slow-speed  (".  &  ('. 
motors  jirovided  with  field-control  regulating  devices  al- 
lowing a  speed  variation  ranging  from  one-half  to  f\dl 
speed. 

The  air  sup])ly  for  the  machinery  s])aces  is  delivered  at 
external  tem])erature  after  being  passed  through  cheese- 
cloth filters,  i)ut  that  for  the  hanking  rooms,  restaurants, 
swimming  |)ool  and  other  public  rooms  is  ])assed  through 
air  washers  and  temi)ering  coils  where  the  required  tem- 
I'crature  conditions  are  automatically  maintained. 

The  archilect  of  the  building  was  Cass  (Jilbert,  with 
r>.  E.  Eden  acting  as  advisory  engineer:  Charles  E.  Knox 
was  the  consulting  electrical  engineer:  the  steam  power, 
heating  and  ventilating  equipimuit  was  in.stalled  by  the 
Thomjison-Starrett  Co.  under  the  direction  and  from 
l>lans  and  specifications  prejiared  by  Messrs.  \ygren, 
Tenney  &  Ohmcs,  consulting  engineers.  For  the  data 
contained  in  the  article  Ihe  author  is  largely  indel)ted 
to  Messrs.  Xygreu  and  Knox. 
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A  Unique  Temporary  Flue 


By  t'HAKi.ics  II.  Bromley 


SYNOPSIS — Four  moi-e  large  boilers  are  installed  bad- 
to  hack  with  eight  already  in  operation.  A  larger  five  is 
needed  but  structural  conditions  do  not  allow  of  putting  in 
an  overhead  temporary  flue  while  the  larger  permanent 
one  is  erected.  A  solution  of  the  problem  is  found  by 
using  the  alley  in  the  cellar,  the  alley  being  formed  by 
the  building  wall  and  the  backs  of  the  soot  pits  and  lead- 
ing directly  to  the  chimney. 

When  plauts,  particularly  office  and  pul)lic-bnildiiig 
plants,  are  extensively  remodeled  or  large  additions  are 
made  to  them,  the  problem  of  maintaining  uninterrupted 
service  while  the  changes  or  additions  are  made  often  be- 
comes seemingly  impossible  of  solution.  In  the  plant  in 
question  this  problem  was  extraordinary.  One  of  the 
most  interesting  features  of  the  work  carried  on  was  the 
making  of  a  flue  to  serve  temporarily  while  a  new  and 
larger  flue  was  installed.     The  temporarj^  flue  could  not 


Fig. 


1.   Sectional  Elevation  Showing  Soot  Pits 
AND  Passage  of  Gases 


be  erected  alongside  or  above  the  old  one  because  of  lack 
of  room. 

The  boilers  are  of  the  B.  &  W.  tj'pe,  2.50  hp.,  two  boilers 
to  a  setting.  The  settings  were  provided  with  soot  pits, 
as  shown  in  Fig.  1,  a  door  covering  the  opening  being 
lifted  so  that  soot  from  the  back  chamber  may 
be  dropped  into  the  pits.  These  soot  pits  are,  of  course, 
in  the  cellar  immediately  below  the  boiler-room  floor 
level.  The  four  new  boilers  are  of  the  three-drum  type, 
550  hp.  each,  one  boiler  to  a  setting.  They  were  placed 
with  their  back  chambers  facing  the  back  chambers  of  the 
eight  2o0-hp.  boilers,  with  an  alleyTvay  about  5  ft.  wide 
between.  Obviou.sly  the  combined  boiler  capacity  required 
a  much  larger  flue  than  the  one  serving  the  eight  2.50-hp. 
hollers. 

As  stated  before,  lack  of  room  prevented  building  a 
temporary  flue  adjacent  to  the  old  one  so  that  the  latter 
could  be  torn  out  and  a  new  and  larger  one  installed. 
These  soot  pits  AAAA,  Fig.  2,  and  the  building  wall  B 
offered  a  means  of  making  a  temporary  flue,  as  the  alley- 
way, about  414  ft.  wide  and  6%  ft.  high,  led  directly  to 
the  clean-out  door  of  the  stack,  as  shown.     Each  soot  pit 


had  a  door  at  both  ends  to  allow  of  taking  out  the  soot 
and  to  admit  air  to  the  steam-jet  blowers  which  produce 
the  draft.  By  making  the  upper  opening  into  the  pit 
of  the  same  area  as  the  area  of  the  uptake,  building  solid 
walls  C  to  the  right  of  and  in  line  with  the  opening, 


Fig.  2.   Plan  of  Soot  Pits,  Ash  Pits  and  Alley- 
way 

also  removing  the  clean-out  door  of  the  chimney,  and  clos- 
ing the  "hack  dampers,"  a  direct  and  inclosed  passage  was 
made  for  the  gases.  The  doorways  at  each  end  of  the  al- 
leyway were,  of  course,  closed  with  masonry.  It  was  im- 
portant that  a  tile  brick  or  door  be  placed  in  the  walls  C 
to  provide  means  for  cleaning  soot  from  the  space  within. 
As  the  wall  is  only  a  temporary  one,  it  is  cheapest  to  use 
a  tile  brick,  such  as  is  used  between  beams  where  a  con- 
crete floor  is  to  be  laid.  It  should  be  noted  that  the 
changes  in  no  way  interfered  with  the  action  of  the  steam- 
jet  blowers  because  the  front  doors  of  the  soot  pits  al- 
low air  to  enter  to  sup]ily  all  that  necessary  to  produce 
the  draft. 

The  only  real  disadvantage  of  such  a  flue  is  that,  being 
on  a  level  with  the  floor  of  the  chimnej',  the  soot  cannot 
drop  away  from  the  point  at  which  the  gases  enter  the 
chimney.  This  will  cause  the  opening  into  the  chimney 
to  be  obstructed  with  soot  more  quickly  than  with  the 
usual  arrangement.     It  is,  of  course,  understood  that  be- 


FiG.  3.    Connections  to  Flue 

fore  any  work  was  begun  on  the  temporary  flue,  the  soot 
was  removed  from  the  boilers,  pits  and  chimney  base. 

After  the  intake  opening  in  the  chimney  had  been  closed 
off  by  sealing  the  old  flue  near  the  stack,  the  work  of 
removing  the  old  flue  was  begun.  The  new,  permanent 
flue  arrangement  was  made  as  shown  in  Fig.  3,  which  il- 
lustrates the  back  of  a  setting  for  two  of  the  250-hp. 
boilers. 

Xo  damper  was  installed  in  the  temporary  flue.  This 
job  was  done  at  the  plant  of  the  Prudential  Insurance 
Co.,  Newark,  N".  J. 
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Sullivan  Smokeless  Furnace 

This  furnace  has  been  designed  to  prevent  tlie  forma- 
tion of  smolce  and  by  po  doing  the  combustion  of  bi- 
tuminous fuel  is  practically  complete  and  the  boiler  shell 
and  tubes  are  less  liable  to  become  coated  with  soot. 

When  installing  this  equipment  no  change  of  furnace 
construction  is  necessary,  and  it  can  be  installed  under  a 
boiler  in  48  hours.     The  equipment  is  illustrated  here- 


C0NSTEL"CT10X    Of    SULLlVAN    SjIOKKLESS    FuRNACE 

with,  and  is  built  liy  The  Sullivan  Smokeless  Furnace 
Equipment  Co.,  90  West  St.,  New  York  City. 

When  installed  a  special  bridge-wall  is  built  of  fire- 
brick and  a  special  prepared  mortar  is  used.  The  bridge- 
wall  is  made  as  shown.  Air  enters  through  the  tube,  in 
the  case  illustrated,  from  the  rear  end  of  the  boiler 
setting,  but  this  tube  can  come  out  through  the  side  of 
the  setting,  or  wherever  convenient.  As  the  escaping 
gases  go  to  the  boiler  uptake  a  partial  vacuum  is  created 
in  the  furnace  which  pulls  in  air  through  the  air  duct 
and  through  the  three  passes  in  the  bridge-wall,  the 
quantity  of-  air  entering  the  furnace  varying  with  the 
amount  of  vacuum  created  by  the  chimney  draft,  which 
is  greatest  when  fresh  fuel  is  introduced  or  when  the 
grates  are  covered  with  ash. 

In  the  upper  pass  outlet  holes  are  provided  mi  the  (ire 
side  of  the  bridge-wall.  They  are  so  proportioned  that  the 
same  volume  of  air  escapes  through  each  one  to  the  fur- 
nace, i.e.,  the  outlet  hole  on  the  right-hand  side  of  the 
upper  pass,  where  the  air  ]iressure  is  the  greatest,  is  made 
smallest,  each  succeeding  hole  being  made  a  little  larger 
than  the  preceding  one.  r>y  this  arrangement  the  air 
is  evenly  distributed  above  tbc  burning  fuel.  Before 
the  air  reaches  the  furnace  it  is  heated  both  in  the  air 
tube  and  in  \\\r  bridge-wall  ])asses.  This  heated  air 
unites  willi  and  balances  tlie  variable  air  supply  through 
the  grate  bars.  No  other  agency  is  employed  for  intro- 
ducing air  to  the  furnace. 

In  coml)ination  witli  the  healed  air,  steam  is  intro- 
duced through  Die  front  of  the  furnace  ju.st  after  a  fresh 
supply  of  fuel  ha.s  been  put  on  the  (ire.  The  steam  enters 
the  furnace  above  the  fire  through  a  curved  metal  re- 
tort. The  steam  escapes  through  small  orifiees  at  the 
front  of  the  steam  retort,  facing  the  I)ridge-wall,  in  a 
fine  spray.  The  retort  is  embedded  in  tiie  "ronl  v.all 
above  the  arches,  as  shown,  with  but  a  width  of  1%  in. 


exposed  to  the  fire.  As  the  face  does  not  come  flush  with 
the  firebricks  there  is  little  chance  of  the  steam  holes  be- 
coming clogged. 

Steam  is  supplied  to  the  retort  through  a  i/2"  or  >34-in. 
pipe  connected  to  the  steam  outlet  of  the  boiler.  A 
special  balance  valve  is  operated  by  an  automatic  time 
regulator,  so  mounted  that  steam  is  turned  into  the  fur- 
nace whenever  the  firing  doors  are  opened.  As  soon  as 
the  doors  are  shut  after  firing,  the  valve  starts  to  slowly 
close  and  continues  to  gradually  throttle  the  steam,  co- 
incident with  the  reduction  of  excessive  hydrocrabons 
rising  from  the  newly  fired  fuel,  until  the  steam  is  fin- 
ally cut  off.  The  period  for  closing  the  valve  can  be 
regulated  by  adjusting  the  time  regulator.  Back  of  the 
curved  bridge-wall  an  arch  is  made,  as  shown,  to  assist 
in  keeping  the  flames  close  to  the  boiler  shell. 

A  Curious  Smoke-Stack 

The  stack  shown  is  installed  at  tlie  plant  of  the  Keokuk 
Water  Co.,  Keokuk,  Iowa,  which  furnishes  the  water  sup- 
ply to  the  town.  Advantage  has  been  taken  of  the 
ilississippi  Eiver  bluff,  to  obtain  a  strong  draft  at  com- 
jiaratively  low  construction  cost.  The  plant  is  at  the  bot- 
tom of  a  l")0-ft.  bluff,  the  stack  leading  off  nearly  level 


.\   M Asv-AN(iLi;i>  Smokk-Staok 

until  it  rc!i(  lies  the  blulf.  then  up  n  sliarj)  angle  for  some 
distance,  and  then  :it  a  greatly  decreased  angle  with  the 
horizontal  until  at  a  distance  of  lino  ft.  it  leads  into  an 
ordinary   vertical   slack. 
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Boiler  Tests  on  Shipboard 

^^^   H.  S.  Xnowltox 

The  differoiue  in  operating  conditions  in  steam  i>lants 
asliore  and  afloat  is  well  illustrated  by  the  problems  aris- 
ing in  each  ease  when  it  is  desired  to  carry  out  a  service 
test  of  the  apparatus.  Engineers,  whose  practice  is  con- 
fined to  land  installations,  frequently  do  not  realize  the 
e.x])edients  which  are  necessary  to  obtain  accurate  re- 
sults aboard  ship,  or  the  dilficulties  encountered  in  try- 
ing to  follow  well  known  standard  land  nietiiods  of  [uo- 
cedure.  It  is,  nevertheless,  possible  to  obtain  thoroughly 
reliable  data  without  following  in  detail  the  practice  of 
engineers  on  land,  and  an  illustration  is  atforded  by  a  test 
of  the  boilers  of  a  turbine-driven  ship. 

In  this  typical  case  the  vessel  was  provided  with  13' 
single-ended  Scotch  marine  boilers  placed  in  two  rows, 
half  on  each  side  of  a  transverse  bulkhead  and  supplied 
with  coal  from  forward  and  aft  bunkers  served  by  buck- 
ets traveling  on  overhead  runways.  P^ach  boiler  had  three 
furnaces  and  the  capacity  of  each  bucket  was  'M)0  lli.  In 
the  carrying  out  of  the  tests  it  was  not  feasible  to  either 
clean  out  all  the  flres  at  the  start  or  to  draw  the  fires, 
on  account  of  the  limited  space  in  the  boiler  rooms  and 
I  he  probable  delaying  of  the  vessel.  Neither  was  it  pos- 
sible to  weigh  all  the  coal  as  fired  in  the  huckets  or  to 
iire  directly  from  the  latter  into  the  furnaces. 

Owing  to  the  cramped  quarters  in  the  fire  room  and 
the  rapidity  with  which  the  coal  had  to  be  passed  out.  no 
attempt  was  made  to  -weigh  the  fuel  during  the  trial. 
Each  bucket  supplied  nine  furnaces,  and  in  firing,  the 
coal  w'as  dumped  on  the  floor  in  front  of  the  furnaces 
and  fired  from  this  level.  The  weight  of  the  coal  used 
was  determined  by  counting  the  number  of  buckets  taken 
from  the  bunkers,  a  man  wliose  sole  duty  it  was  to  count 
these  being  stationed  in  each  compartment  of  the  fire 
room.  Great  care  was  taken  to  fill  the  bucket  flush  with 
the  top,  and  after  the  test  four  buckets  were  weighed  full 
and  empty  with  the  result  that  the  average  value  agreed 
to  a  i:>ound  with  previous  weighing  made  by  the  com- 
])any.  Crude  as  this  method  appears,  it  gave  a  value  foi- 
the  coal  agreeing  within  1  per  cent,  with  the  figure  ob- 
tained by  the  chief  engineer  of  the  company  as  the  aver- 
age coal  consumption  per  trip,  based  on  the  runs  for  a 
whole  season.  Throughout  the  test,  which  lasted  seven 
hours,  223  buckets  of  fuel  were  supplied. 

The  feed  water  was  metered  and  tests  showed  that  the 
measurements  were  accurate  within  2  per  cent.  The 
usual  requirement  that  feed  water  be  weighed  in  tanks 
is  impracticable  on  .shipboard.  These  boilers  were  sup- 
plied with  3000  lb.  of  water  per  min.  With  the  boilers 
placed  athwart  the  ship  it  was  found  undesirable  to  at- 
tempt to  ascertain  the  water  level  by  the  gage-glasses  be- 
cause of  the  rolling  motion  of  the  ship. 

The  operating  engineers  had  found  that  liy  admitting 
fresh  water  for  a  certain  period  during  each  trip  the 
level  in  the  boilers  could  be  made  approximately  the  same 
at  the  beginning  and  end  of  each  run.  The  total  feed- 
water  supply  when  plotted  against  time  showed  practical- 
ly a  straight  line.  The  steam  nsed  by  the  auxiliaries  was 
determined  by  calculation  of  the  amount  discharged 
through  an  orifice  of  fixed  size. 

The  methods  employed  gave  ultimate  errors  in  the 
steam  and  fuel  consumption  not  exceeding  3.5  per  cent., 
the  feed-water  requirements  being  known  within  about  1 


[icr  t-ent.  In  this  test  an  error  in  the  auxiliary  steam  con- 
sumption of  10  per  cent,  ciuild  not  affect  the  turbine 
steam  consumption  by  over  1.2  \>vr  cent.,  and  an  error 
in  the  feed-water  consumption  would  not  affect  the  tur- 
bine steam  consumption  hy  nmre  llniii  1  per  cent. 

The  equivalent  evaporation  wa>  affected  by  five  fac- 
tors: The  boiler  pressure,  quality  of  the  steam,  tempera- 
ture of  the  feed  water,  the  feeil-water  rate  and  the  coal 
rate.  Any  errors  likely  to  occur  in  the  tii-st  three  items 
were  s(>eii  to  he  negligihlc  in  eoiuparisoii  with  errors  in 
the  last  two,  so  lliat  the  error  intro<lnced  in  the  equiva- 
lent evap(jration  pel-  i)ouiul  of  coal  did  not  exceed  2.5 
per  cent.  In  this  i-ase  the  departure  from  the  usual 
methods  diil  not  interfere  to  uny  appreciable  degree  with 
the  usefulness  of  tfie  tesi,  and  the  point  may  well  be 
emphasized  that  it  is  often  possihie  to  do  thoroughly  good 
commercial  work  under  conditions  unfavorable  to  the 
accuracv  of  the  engineering  lahoi-atorv. 


Improved  Regan  Stoking  Grate 

A  furnace  grate  and  mechanical  stoking  device  that 
eliminates  the  necessity  of  using  a  slice  bar  and  the 
necessary  opening  of  the  furnace  doors  while  performing 
the  work  of  slicing  the  fires  is  attracting  the  attention  of 
engineers.      This   device.    Fig.    1,    permits  of   carrying  a 
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iiniroriu  thickness  of  fuel  without  opening  the  furnace 
doors  for  slicing  and  leveling  the  fires,  and  they  can  be 
practically  run  without  cleaning  because  the  action  of  the 
stoker  keeps  the  fuel  in  a  porous  condition  and  breaks 
up  the  clinkers  as  they  begin  to  form.  This  results  in  a 
free  supply  of  air  through  the  fuel  bed. 

The  stoker  consists  of  a  series  of  lifting  fire  bars  ex- 
tending the  length  of  the  grate,  each  series  spaced 
about  IS  in.  apart  across  the  middle  of  the  grate, 
Pig.  2.  There  are  also  stationary  grates  running  across 
the  furnace  separating  the  stoking  and  chopper  grates 
from  the  next  series  of  grates.  This  feature  is  shown  in 


Pig.  2.  As  Barring  Geates  Ijouk  in  Action 
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Fig.s.  'i  and  3.  The  stationary  bars  are  made  with  a  eon- 
lave  surface  on  the  sides  and  the  stoking  and  chopping 
members  are  made  with  tlie  convex  outer  ends  of  the  same 
radius  curve.  The  inner  end  of  each  chopping  grate  is 
made  at  a  right  angle  to  the  face  and  tlie  two  opposing 
grates  are  so  spaced  that,  when  in  their  rest  pos'tlon.  ilic 
fuel  does  not  fall  between  them  into  the  ashpit.  The 
concave  and  convex  surfaces  of  the  stationary  grates  an<l 
the  outer  ends  of  the  chopping  grates  are  also  brouglit  so 
close  together  that  sifting  of  fuel  does  not  occur. 

Levers  for  actuating  the  stoking  grates  are  attached  to 
the  shaker  whicii  oi)erates  tlio  chopper  grates,  but  their 
movement  is  independent  of  the  choppers,  although  the 
shaker  grates  may  be  operated  in  connection  with  them  if 
desired.  When  in  service  the  stoking  device  openries 
about  as  follows:  Ail  grates  occupy  the  position  shown  in 


Fa:. 


ChoI'PKI!    (il.'ATKS    IN    Al'TIOX 


Fig.  1.  forming  ii  llal  surface.  Tlic  fuel  is  hand  tired  in 
the  usual  manner,  and  tiien  the  <ibl  method  of  leveling  and 
baring  the  fires  gives  way  to  the  new.  When  it  becomes 
necessary  to  bar  the  fires,  as  in  the  old  method,  the  lever 
operating  the  stoking  grates  raises  the  end  nearest  the 
front  of  the  lurnace  above  the  grate  level.  This  move- 
ment lifts  the  burning  fuel  ami  breaks  up  the  coal,  at  tlic 
same  time  tlimwing  it  tdward  the  bridgcwall.  In  i-'iu".  ■-'. 
the  stoking  grates  are  shown  operating  in  an  opposite  di- 
rection, whiiii  throws  the  fuel  toward  the  front  of  the 
grate.     Grates  with  either  action  may  be  obtained. 

When  the  fire  recpiires  cleaning  the  cho]3per  grates. 
Fig.  3,  are  oi)erated,  shaking  the  asii  and  small  clinker 
into  the  ashpit.  All  grate  .sections  arc  made  extremely 
heavy,  as  shown  in  the  illustrations. 

The  stoking  grate  is  made  by  the  Wegan  (irate  Har  Co., 
209  North  Front  St.,  Thiladel])hia.  Penn. 

An  Unusual  Water-Power  Station 

In  rdiinri'tinii  with  the  consli-uction  work  on  the  White 
Salmon  Kiver,  Wnsliinglon.  l"i  miles  east  of  Portland, 
Ore,,  of  the  2(>,00()-hp.,  hydroelectric  development,  it  was 
found  neces.sary,  by  the  Stone  &  Webster  Engineering 
('or|ioration,  to  estai)lish  a  temi)orary  hydraulic  plant  for 
furnishing  power  for  carrying  on  tlie  work  incident  to  the 
building  of  the  large  plant. 

A  power  flume,  9  ft.  3  in.  wiile,  built  of  wood,  diverts 
water  from  the  .stream  right  llirougli  the  new  ]3.j-ft.  dam 
now  in  process  of  construrtion,  carrying  it  to  a  point 
a  few  linndred  feet  below  the  dam  where  tlie  small  wooden 
power  hou,«e  has  been  established,  tlii'  turbine  o])erating 
under  a  13-ft.  head  of  water.  The  prime  mover  is  a  51- 
in.  S.  Morgan  Smith  f'o.  turbine,  .apable  of  delivering 
a  maximum  of  300  hp.  at  this  head. 

This  turl)ine  is  directlv  connecte<l   to  n   l-">0-kw..  4  10- 


volt  generator.  The  electric  power  is  used  for  various 
purposes  on  the  immediate  work,  including  quarrying  on 
top  of  the  hill,  400  ft.  above  the  dam,  operating  coucretu 
mixers,  lighting,  drilling,  etc.  It  is  also  used  at  a  point 
more  than  a  mile  down  the  river  where  the  power  house  is 
being  Iniilt,  to  which  jioint  it  is  transmitted  at  6600 
volts. 

The  depth  of  water  in  the  flume  is  kept  at  6  ft.  by  an 
ingenious  arrangement  of  gates,  such  that  when  the  water 
falls  below  6  ft.  a  bypass  is  closed  and  the  flow  is  built 
up :  when  the  water  tends  to  exceed  6  ft.  the  bypass  is 
opened  wide  and  the  excess  water  turned  into  the  bed  of 
the  stream  between  the  big  dam  and  the  temporary  jniwer 
house. 

This  development,  which  is  to  be  operated  by  the 
Xorthwestern  Electric  Co.  of  Portland,  will  have  a  head 
of  175  ft.  and  an  impounded  volume  of  40,000,000  cu.ft. 
of  water  (1,250,000  tons).  This  water  is  gathered  from  a 
drainage  area  of  350  sq.mi.  and  is  held  back  by  a  concrete 
(lam  of  the  solid  gravity  type,  4T()  ft.  long  with  a  250-ft, 
s)iill\\ay,  measuring  125  ft,  in  height.  Water  will  be  car- 
ried from  the  dam  to  the  power  house  by  a  wood-stave 
l)ipe  5100  ft.  long  and  13  ft.  6  in.  in  diameter,  emptying 
into  a  concrete  forebay.  From  this  point  two  pressure 
pipes  TOO  ft.  long  and  9  ft.  in  diameter  will  give  an  op- 
crating  head  of  175  ft.  The  purpose  of  the  development 
is  for  lighting  and  power  in  Portland  and  vicinity. 

Deterioration  of  Steel  Stacks 

t)f  eleven  companies  using  steel  stacks,  three  have 
noticed  no  deterioration,  says  the  Prim(>  Movers  Com- 
mittee of  the  X.  E.  L.  .v.  A\ith  one  of  these  companies 
the  stacks  are  lined,  with  another  comjiany  unlined,  and 
the  third  did  not  say  whether  the  stacks  are  lined  or  not. 
-Vll  the  other  eoiupnnies  re]iort  serious  corrosion  of  the 
steel.  They  all  lia\c  unlined  stacks  except  one  company, 
whieb  in  lining  the  stack  had  left  an  air  space  between 
the  brick  and  I  be  metal,  and  in  this  case  the  corrosion 
was  so  serious  in  a  short  time  that  the  lining  was  taken 
out,  the  metal  scra])ed,  and  the  lining  relniilt  with  grout- 
ing between  the  brick  and  the' steel. 

All  of  the  unlined  stacks  reported  on  are  apparently 
corroding  very  seriously,  and  almost  entirely  on  the  in- 
sifle,  the  c(n-rosion  ajipearing  to  be  wiu'se  on  the  upper 
rings.  This  is  attributed  to  the  moisture  in  the  flue  gases, 
whieh  is  (ondi'nsed  against  the  cold  metal  of  the  stack 
and.  eai'rying  with  it  a  trace  of  sul])hurous  acid  from  the 
fuel,  attacks  the  metal.  As  a  stack  is  never  .scraped  or 
l)ainted  on  the  inside,  regardless  of  the  amount  of  care 
which  mav  be  bestowed  upon  it  on  the  outside,  the  cor- 
rosion goes  on  rapidly  and  uninterrupted,  and  stacks 
which  are  well  cared  for  and  frequently  jiainted  on  the 
outside,  presenting  a  good  external  aiipearance.  are  in  a 
few  years  found  to  be  in  a  dangerous  condition,  due  to  in- 
ternal corrosion. 

.V  simple  and  effective  remeily  for  this  condition  is  to 
line  the  stacks  from  liotloin  to  top.  taking  care  that  tiie 
job  is  thoroughly  grouted  as  it  goes  up,  so  that  every 
part  of  the  metal  will  be  protected  with  cement.  Stacks 
of  this  coii.struction  at  the  Harrison  St.  station  of  the 
Commonwealth  Edison  Co.  have  been  standing  for  20 
years,  much  of  the  time  in  service.  They  have  been 
painted  every  two  years  and  ari'  now  ap))arently  in  as 
good  condition  as  when  lirst  built. 
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Hydro-Electric  Systems"' 

A\  ATERWHEELS 

A  rapid  evolution  has  taken  place  in  the  design  of 
waterwheels,  the  most  marked  being  the  increased  appli- 
cation of  single-runner,  vertical-shaft  titrbines  to  low 
heads,  where  previously  multi-runner  turbines  of  either 
the  horizontal  or  vertical  type  were  used. 

In  low-head  installations  the  single-runner  turbine  has 
a  number  of  advantages  over  the  multiple-runner.  Only 
one  gate-operating  mechanism  is  required  and  this  is 
located  above  the  head  cover  of  the  turbine  and  is  thus 
accessible  at  all  times  for  inspection,  while  repairs  can 
readily  be  made  without  dismantling  the  wheel.  A  better 
design  of  the  draft  tube  is  also  made  possible  with  a 
single-runner  unit,  and  it  is  possible  to  mold  in  the  con- 
crete a  spiral  turbine  casing  similar  in  design  to  the  cast- 
iron  spiral  casings  used  with  high-head  turbines. 

Tests  of  two  6000-hp.  vertical  single-runner  turbines, 
having  concrete  spiral  casings  and  ideal  draft  tubes  re- 
cently showed  an  average  maximum  efficiency  of  93. 7 
per  cent. 

Generators 

Generators  should  have  a  rating  corresponding  to  the 
point  of  maximum  efficiency  of  the  waterwheel.  as  the 
efficiency  of  the  latter,  especially  for  low  heads,  falls  off 
rapidly  above  and  below  this  point.  It  is,  therefore,  de- 
sirable to  operate  the  wheels  near  their  maximum  out- 
put, leaving  only  a  small  margin  for  regulating  purposes, 
and  the  generator  should  preferably  be  given  a  maximum 
or  continuous  rating  corresponding  with  the  waterwheel. 

Wliile  both  60-  and  So-cycle  generators  are  being  in- 
stalled as  conditions  determine,  the  increase  in  the  size 
of  the  individual  units  has  made  it  desirable  to  wind  a 
large  number  of  these  for  11,000  and  13,000  volts.  Very 
satisfactory  results  are  being  obtained  by  grading  the  in- 
sulation, and  the  slight  corona  effects  noticeable  on  some 
coils  at  high  altitudes  is  now  readily  taken  care  of  by 
proper  design  of  the  insulation. 

A  general  agreement  has  been  reached  to  consider  the 
maximum  runaway  speeds  of  waterwheel-driven  units  at 
100  per  cent,  increase. 

Three-phase  generators  should  always  have  their  arma- 
ture windings  connected  in  star.  Whether  the  generator 
neutral  should  be  grounded  or  not  depends  on  conditions. 

EXCITER-S 

The  capacity  of  the  exciters  should  be  sufficient  to  ex- 
cite all  the  synchronous  apparatus  in  the  station  when 
these  machines  are  operating  at  their  maximum  load  and 
at  the  true  operating  power  factor. 

A  12.5-volt  excitation  pressure  has  been  considered 
standard  for  moderate-size  installations,  while  for  larger 
plants  a  250-volt  exciter  system  will  generally  be  found 

♦Excerpts  from  the  report  of  the  committee  on  the  "Opera- 
tion of  "Water  Power  Systems"  of  the  National  Electric  Light 
Association. 


more  economical.  Almost  all  exciters  are  now  of  the  di- 
rect-connected type.  They  may  be  driven  either  by  the 
main  generators,  by  separate  waterwheels  or  by  motors. 
The  system  most  favored  from  an  operating  viewpoint  is 
one  in  which  excitation  is  obtained  from  a  common 
source  consisting  of  as  few  exciters  as  possible.  Three 
units  are  generally  provided,  two  for  normal  operation 
and  the  third  held  in  reserve.  A  diiference  of  opinion 
exists  as  to  whether  the  two  exciters  used  for  normal  op- 
eration should  be  waterwheel  driven  anil  the  reserve  unit 
motor  driven,  or  vice  versa.  It  seems,  howc^•er,  preferable 
to  have  the  former  motor  driven ;  the  waterwheel-driven 
exciters  should  then  be  used  only  when  starting  up  or  as 
a  reserve. 

In  some  of  the  latest  hydro-electric  developments  a  new 
sj'Stem  of  excitation  is  being  used,  in  that  one  small 
motor-driven  exciter  set  is  provided  for  each  generator 
unit.  The  exciter  has  a  capacity  corresponding  to  its 
generator  and  the  terminals  are  connected  directly  to  the 
generator  field.  The  motors  of  the  various  exciter  sets  are 
fed  from  one  or  two  low-voltage  generators  driven  by  in- 
dependent waterwheels,  but  in  addition,  the  connections 
are  so  arranged  that  if  necessary  the  motors  may  be  con- 
nected to  the  main  busbar  through  transformers,  two  sep- 
arate sources  thus  being  provided.  With  this  arrangement 
the  objection  to  motor-driven  exciters  on  the  ground  that 
they  are  likely  to  fall  out  of  step  when  a  short-circuit 
occurs  on  the  system,  has  no  bearing. 

TrAXSFOI!JIKRS 

The  number  and  size  of  the  transformers  and  whether 
they  should  be  of  single-  or  three-phase  type,  depends  en- 
tirely on  the  conditions  to  be  met.  With  moderate  volt- 
age it  has  been  the  general  practice  to  install  one  trans- 
former bank  for  each  generator.  With  a  large  number  of 
units  it  was  more  advantageous  to  install  three-phase 
transformers,  while  in  plants  consisting  of  one  or  two 
generating  units  where  the  cost  of  a  spare  three-phase 
transformer  was  not  warranted,  it  was  preferable  to  in- 
stall single-phase  units. 

With  present  modern  high-voltage  systems  where  it  is 
undesirable  to  parallel  the  transmission  lines  on  the  high- 
tension  side,  it  has  become  general  practice  to  install  the 
transformers  in  groups,  each  having  a  capacity  corre- 
sponding to  a  line.  The  transformers  may  be  connected 
cither  in  delta  or  in  Y,  btit  it  is  now  generally  conceded 
that  the  isolated  delta  connection  is  preferred,  because  of 
increased  reliability.  Under  normal  operation  the  voltage 
stress  is  the  same  whether  the  isolated  delta  or  the 
grounded  Y-connection  is  used,  but  in  case  of  a  ground 
on  one  line  wire,  the  isolated  delta  system  will  be  ex- 
posed to  a  higher  voltage  above  ground  than  would  be 
the  case  with  the  grounded  Y-system.  The  disadvantage 
of  the  grounded  Y-system,  however,  is  that  any  ground 
of  the  line  wires  will  cause  a  short-circuit  and  thus  a 
shutdown,  which  is  not  the  case  with  the  delta. 

The  transformers  should  always  be  provided  with  taps. 
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In  many  instances  it  is  desirable  to  begin  the  operation 
of  the  system  at  lialf  the  ultimate  voltage  and  to  accom- 
plish this  the  transformers  are  provided  with  50  per  cent. 
taps  iu  the  high-voltage  winding.  It  is  also  customary  to 
provide  the  high-voltage  windings  with  four  23^  per  cent, 
taps  below  the  normal  operating  voltage  so  that  these 
can  be  used  in  compensating  for  the  line  drop  as  the 
load  increases. 

PowER-LijiiTixG  Reactances 

Increase  iu  the  size  of  modern  generating  units  and 
the  concentration  of  enormous  power  in  single  general  iug 
stations  or  systems  have  made  it  necessary  not  only  to  in- 
crease the  inherent  reactance  of  the  apparatus  but  also 
to  provide  artificial  reactances  for  limiting  the  amount 
of  current  that  may  flow  from  any  part  of  the  system 
into  a  short-circuit  in  apparatus  or  connections.  By  so 
limiting  the  abnormal  flow  of  current  into  a  short-circuit 
the  generating  system,  as  a  whole,  is  relieved  from  pos- 
sible disastrous  effects. 

Power-limiting  reactances  may  be  divided  into  three 
classes — generator,  busbar  sectionalizing  and  feeder  re- 
actances. The  first  is  not  used  to  any  great  extent  in  con- 
nection with  waterwheel-driven  generators,  as  these  have, 
as  a  rule,  sufficiently  high  inherent  reactance.  Busbar 
sectionalizing  reactances  are,  however,  becoming  general- 
Iv  used  in  large  stations.  When  a  busbar  becomes  so 
large  that  it  becomes  desirable  to  divide  it  into  several 
sections,  reactances  may  be  placed  between  the  sections 
l)ermitting  any  section  to  draw  only  part  of  its  load 
from  the  adjacent  sections  and  thus  limiting  the  short- 
circuit  current  of  one  section. 

Regulators  and  Synchronous  Condensers 

Regulation  of  large  high-voltage  systems  involves  diffi- 
culties not  encountered  in  low-voltage  work.  In  the  lat- 
ter case  the  energy  loss  is  generally  the  limiting  factor 
and  the  regulation  can  often  be  improved  by  installing 
larger  conductors,  which  at  the  same  time  reduce  the  line 
loss.  With  high-voltage  systems  the  gain  from  doing  so 
is  very  slight,  and  other  means  must  be  employed  for 
keeping  the  regulation  within  commercial  limits.  The 
effect  of  the  inductance  and  capacity  of  the  line  causes 
the  voltage  to  vary  within  very  wide  limits  from  full  to  no 
load.  At  no  load  the  large  capacity  current  causes  a  rise 
of  voltage  from  the  generating  station  to  the  receiving 
end,  while  at  full  load  the  lagging  inductive  current  taken 
by  the  load,  in  general,  more  than  offsets  the  effect  of 
the  capacity  current  and  causes  a  drop  of  voltage  from 
the  generating  station  to  the  receiving  end.  It  is  evi- 
dent then  that  by  installing  a  synchronous  condenser  at 
the  receiving  end,  and  taking  advantage  of  the  character- 
istics of  this  machine,  tlic  receiving  voltage  can  be  kept 
constant  by  adjusting  the  synchronous  conden.ser  field  and 
causing  the  cafncnser  to  draw  a  lagging  current  from  the 
line  at  no  load  and  a  leading  current  at  full  load.  The 
generating  voltage  should  prpfcrai)ly  be  kept  constant  by 
means  of  automatic  T.  A.  regulators.  Automatic  regu- 
lation of  the  condenser  field  current  can  also  readily  be 
accomplished  by  means  of  a  T.  A.  regulator. 

.\s  the  excitation  must  at  times  be  practically  zero,  a 
special  exciter  arrangement  must  be  employed  to  provide 
for  the  limiting  voltage  range  of  the  regulator.  This  is 
accomplished  by  exciting  the  condenser  from  a  250-volt 
exciter,  whose  fields  in  turn  ore  separately  excited  from 


a  125-volt  source,  consisting  of  two  small  exciters  which 
are  running  opposed  in  series.  One  of  these  exciters  is 
designed  for  125  volts  and  the  other  for  250  volts,  the 
regulator  being  placed  across  the  250-volt  exciter.  In  this 
manner  the  range  of  the  regulator  is  from  125  to  250 
volts,  never  reaching  zero,  while  the  excitation  of  the  con- 
denser is  from  zero  to  250  volts. 

Systems  .OF  Connections 

The  generators  should  preferably  be  in  parallel  on  a 
common  low-tension  busbar  the  generator  switches  being 
nonantomatic,  or  if  automatic  protection  is  desirable  the 
switches  should  be  provided  with  definite  time-limit  re- 
lays, set  very  high.  Reverse-power  relays  are  also  occa- 
sionally installed,  but  are  generally  arranged  to  ring  an 
alarm  gong  in  case  of  reversal  of  the  power,  and  will  not 
trip  out  the  switch. 

It  is  customary  to  provide  nonautomatic  oil  switches 
in  the  outgoing  and  incoming  lines  to  be  used  in  case 
of  sectionalizing  and  in  addition  nonautomatic  tie 
switches  should  also  be  provided  between  the  lines,  or  if 
more  than  two  lines  are  present  it  may  be  advisable  to 
provide  high-tension  transfer  busbars.  Sectionalizing 
switches  of  the  knife-switch  type  should  be  installed  at 
certain  intervals  on  the  towers  along  the  line,  so  that 
the  circuits  may  be  sectionalized  in  two  or  more  sections 
to  facilitate  testing  and  for  isolating  line  troubles. 

With  this  system  of  connections  considerable  respon- 
sibility is  placed  on  the  operators,  as  the  relays  of  the 
transformer  switches  must  be  set  at  from  100  to  150  per 
cent,  overload,  or  above  the  safe  continuous  operation  of 
the  transformers.  Assume,  for  example,  a  system  with 
two  parallel  lines  connected  to  two  transformer  groups 
on  the  unit  principle.  A  trouble  in  one  of  the  lines  will 
then  cause  it  to  be  disconnected  together  with  the  trans- 
formers through  which  it  is  fed.  This  then  throws  all 
the  load  over  to  the  remaining  line,  which,  with  its  trans- 
formers, will  be  overloaded  100  per  cent.,  and  in  order 
that  this  line  shall  not  be  disconnected  at  this  increase 
in  the  load,  the  relays  must  be  set  for  more  than  100 
per  cent,  overload.  Transformers  can,  however,  carry  100 
per  cent,  overload  for  five  or  ten  minutes,  which  should 
give  the  operator  sufficient  time  to  sectionalize  the  de- 
fective line  and  connect  the  transformers  in  parallel  to 
feed  the  remaining  line. 

Lightning  .VwiticsTEiis 

Aluminum-cell  electrolytic  lightning  arresters  arc  now 
used  almost  entirely  for  lightning  protection  of  high- 
voltage  transmission  systems.  This  type  has  an  enormous 
discharge  capacity,  and  its  general  characteristics  are  well 
known.  The  arrester,  however,  is  not  a  universal  ])ro- 
tector  against  all  kinds  of  interruptions.  For  cxamjile, 
while  it  meets  the  usual  needs  in  protection  against  dis- 
ruptive potentials  from  lightning,  an  arrester  located  in 
the  station  cannot  protect  an  insulator  out  on  the  line 
from  a  lightning  flash.  Xcither  is  it  designed  to  protect 
against  surges  of  relatively  low  potential. 

The  comparatively  recent  addition  of  a  charging  resist- 
ance will  insure  a  material  improvement  in  the  operation 
of  the  arrester,  as  well  as  increased  life  of  cones  and 
electrolyte.  The  charging  current  is  limited,  and  its 
wave  form  is  so  modified  that,  even  with  such  a  delicate 
test   as  a  parallel   telcfibonc  circuit,   it   is   impossible  to 
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deleft  any  action  of  the  cliargiug  on   n-sduaut   parts  of 
the  L-ircuit. 

Handling  the  Load 

Most  nioilerii  systems  of  any  size  have  a  method  of 
operation  whieh  corresponds  to  that  of  a  train  dispatcher 
on  steam  raih'oads,  and  where  many  different  plants  are 
attached  to  the  same  network  this  becomes  practically 
necessary.  The  directions  for  operating  the  different  sta- 
tions and  apparatus  come  from  a  central  source,  where 
the  chief  o]ierator  has  before  him  a  diagram  of  the  sys- 
tem and  information  regarding  the  capacities  of  the  gen- 
erators in  use  and  of  the  magnitudes  of  the  loads  at  the 
dilferent  places  of  distribution. 

In  the  larger  hydro-electric  systems  there  are  usually 
some  plants  which  have  storage,  and  others  which  do  not, 
so  that  a  distinction  in  operating  these  is  well  made  by 
having  the  storage  plants  do  the  regulating  for  the  sys- 
tem. The  switciiing  operations  arc  determined  by  the 
general  method   of  operation. 

When  a  line  is  to  be  cut  into  service,  the  high-tension 
switciies  in  both  the  main  and  substatiojis  should  be 
closed  first,  then  the  low-tension  transformer  switch  in 
the  generating  station  -^^hould  be  closed,  energizing  the 
transformers  and  the  line,  after  which  the  low-tension 
transformer  switch  in  the  substation  is  closed  and  the 
load  picked  up.  In  case  it  becomes  necessary  to  open 
a  high-tension  switch  in  a  loaded  line,  the  circuit  should. 
if  possible,  first  be  paralleled  with  another  before  opening 
the  switch.  If,  on  the  other  hand,  transformers  are  to  be 
paralleled  on  both  high-  and  low-tension  sides,  the  low- 
tension  switch  should  be  closed  first,  assuming  that  the 
low-tension  busbar  is  energized.  Similarly,  in  cutting  out 
the  transformer  the  low-tension  switch  is  opened  last. 

\^oltage  on  Short-C.ircuit 

A  correspondent  asks,  "Why  does  an  inductor  alter- 
nator generate  no  voltage  on  short-circuit  ?" 

In  discussing  the  cause  of  the  no-voltage  condition 
upon  short-circuit,  consider  the  cur\e  which  shows  the 
variations  of  terminal  voltage  with  simultaneous  changes 
of  load  current,  the  speed  and  the  resistance  in  the  field 
circuit  remaining  constant. 

In  general,  this  curve  for  alternators  will  be  of  the 
approximate  form  shown,  with  a  gradual  slope  toward  the 
horizontal  a.xis.  The  drop  in  voltage  is  due  to  the  re- 
sistance, self-induction  and  reactions  of  the  armature. 
As  the  load  is  increased,  the  I-R  loss  is  rsiised  together 
with  the  e.ni.f.  of  self-induction.  The  latter  is  expressed 
by  the  formula  E  =  2  w  fLI,  where  /  is  the  frequency.  L 
the  coefficient  of  .self-induction  for  the  armature  and  / 
the  current.  It  is  evident  that  as  the  loads  become 
heavier,  the  e.m.f.  of  self-induction  is  correspondingly  in- 
creased. This  pressure  is  opposed  to  the  flow  of  the  cur- 
rent and  to  the  voltage  producing  it;  hence  as  the  self- 
induction  increases,  the  terminal  voltage  diminishes. 

The  armature  reactions,  increasing  with  the  external 
current,  also  have  a  lowering  effect  upon  the  machine 
voltage  by  opposing  and  di.storting  the  field  flux. 

The  form  of  the  external  characteristic  depends  upon 
the  design  of  the  machine.  For  alternators  whose  arma- 
tures contain  a  large  amount  of  self-induction,  the  curve 
will  cross  the  horizontal  axis  at  lower  current  values  than 


with  machines  of  the  same  capacity  whose  armatures  do 
not  contain  as  much  self-induction.  The  armature  reac- 
tions also  have  a  pronounced  eff'ect  on  the  curve. 

The  zero  voltage  reading  on  short-circuit,  of  the  gen- 
erator in  question,  is  not  necessarily  due  to  the  fact  that 
the  machine  is  of  the  inductor  type,  inasmuch  as  the 
general  principles  governing  the  operation  of  these  nui- 
chines  are  practically  the  same  as  for  the  movable-coil 
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types.  The  main  distinguishing  feature  of  the  inductor 
class  is  that  both  its  field  and  armature  coils  are  station- 
ary, the  alternations  of  field  flux  being  produced  by  lami- 
nated iron  projections,  or  inductors,  which  are  carried  on 
a  revolving  spider.  There  are  nuiny  designs  and  makes 
of  this  type:  liciicc  the  arnuiture  circuits  of  some  will 
contain  more  inductance  than  those  of  others.  In  this 
case,  the  e.m.f.  of  self-induction  together  with  the  I°R 
drop  and  arnuiture  reactions  undoubtedly  became  so 
great  upon  short-circuit  that  the  terminal  voltage  was  re- 
duced to  zero,  but  this  tnight  have  hap]iened  under  sim- 
ilar  conditions    with    an    alternator   of   the    movable-coil 

type- 


Loss  of  Voltage 


Auumg  the  ■■liKjuirics  (if  (icncral  Interest"  in  the  -May 
20  issue  was  one  with  the  heading,  "Loss  of  Voltage." 
While  friction  between  the  brushes  and  the  commutator 
might  account  for  some  loss  in  voltage  yet  it  would  hardly 
seem  possible  that  all  of  the  drop  was  on  that  account. 
As  without  load  and  with  all  resistance  out  of  the  field 
rheostat  the  voltage  was  only  oOO  volts  and  as  that  is  50 
volts  more  than  the  rated  ]iressure  for  the  machine  it 
would  not  be  sur)jrising  if,  at  full  load,  the  voltage  should 
drop  down  to  normal.  Another  point  which  might  indi- 
cate that  the  drop  was  caused  Imth  by  the  reaction  in  the 
armature  caused  liy  the  heavy  load  and  also  by  the  in- 
creased resistance  of  the  shunt  field,  due  to  its  heating 
when  under  heavy  load,  is  that  tlcfiojjating  of  the  gen- 
erator is  evidently  wrongly  given  at  the  beginning  of  the 
question.  There  the  load  is  given  as  2.50  volts  and  80 
amperes,  but  the  capacity  is  said  to  he  33  kw.  Could  it 
not  be  that  the  operator  has  made  a  mistake  and  the  ma- 
chine is  carrying  more  load  than  it  was  designed  for? 

This  would  cut  down  the  voltage  and  would  .seem  to  be 
borne  out  by  the  fact  that  the  dvnamo  gets  verv  warm. 

Brooklvn'.  X    Y.  '       G.  H.  ilcIvKi.wAY. 
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Heat    Balance  of    a  Producer*  ^^  '*  '*  desired  to  find  the  eliect  of  absorption  or  leak- 

a^e. 

By  Julian  C.  Smallwood  "^lie   weiglit   of  steam   furnished   to   the   suction   pi  > 

The  heat  of  coal  consumed  by  a  producer  is  distributed  ducer,  exclusive  of  that  due  to  vapor  in  the  air  and  niois- 

in  four  parts:     First,  the  useful  heat,  appearing  as  the  ture  in  the  coal,  may  be  found  by  supplying  the  vaporizer 

calorific  value  of  the  dry,  cool    gas;  second,  the  heat  car-  with  water  from  a  calibrated  vessel  and  collecting  and 

ried  by  the  gas  as  sensible  heat  and  as  latent  heat  of  the  weighing  the  overflow.     For  a  pressure  producer,  an  ori- 

excess  steam;  third,  the  heat  lost  to  good  fuel  removed  fice  or  nozzle  method  may  be  used  to  meter  the  steam,  or 

with  ash;  fourth,  the  heat  lost  through  deposits  of  tar  it  may  be  measured  by  weighing  the  feed  water  evap- 

and  soot,  absorption  or  leakage  of  gases,  and  radiation  orated  by  the  auxiliary  boiler, 
from  the  producer.  The  calculations  from  the  test  of  an  anthracite  suction- 

The  selection  of  methods  of  measuring  these  heat  quan-  producer  plant  will  first  be  given,  and  then  the  modifica- 

tities  is  governed  somewhat  by  the  type  of  producer  and  tions  necessary  for  other  types.     Tables  1  and  2  give  the 

the  fuel.    In  any  case,  it  is  necessary  to  measure  the  coal  required  test  data  together  with  the  notation  used  in  the 

and  ash  during  a  test  of  sufficient  duration,  and  to  pro-  ^^^^^  ^    ^^^^  ^^^^^  ^  suction-gas  producer  test  and 
vide  a  proximate  analysis  ot  the  coal  and  a  chemist  s  an-  notation  used  in  formul.\s 

alysis  of  an  average  gas  sample.    The  gas  usually  contains  Total  weight  of  coal  charged,  ib =798 

i',  -lA  10A,  i.-l?li  -ij.o„  -*-  Total  weight  of  ash  and  refuse,  lb =    85 

between  10  and  20  per  cent,  ot  hydrogen,  1  to  3  per  cent.  Total  weight  of  water  used  in  vaporizer,  ib =268 

of  marsh  gas,   and   a  small   amount   of  olefiant  gas,   in   ad-  Proximate  analysis  of  the  coal.     Percentage  by  weight  of  the  coal  as  fired. 

dition  to  CO,,  CO  and  N",.  .  x^tn^niatu^'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  =  6:no 

The  calorific  values  of  both  coal  and  gas  may  be  cai-  ix''. '■"'^"°:: :::::::::::::::;:::::;:;;::;::::::::;: iof 

Culated   from    their    analyses.  m,  vm,  fc  =  Weights  of  moisture,  volatile  matter,  and  fixed  carbon  per  pound 

The  volume  of  gas  generated  niav  be  figured  from  the  u- ?7  r''J"''"'','TK  %  ^       ,  ^  n -,«« 

oO  -  o  W  eight  of  carbon  m  1  lb.  of  dry  refuse,  pounds =  0.3SS 

gas  analysis  with  acceptable  accuracy  in  most  cases.  This  ct  =  Total  weight  of  carbon  in  i  ib.  of  dry  coal.  ib. 

1       1     I  •'         T  T         „         ii  'i.-         J.1     J.      11   i.1,  „  Ca  =  Weight  of  carbon  wasted  in  ash,  per  lb.  dry  coal,  lb. 

calculation  depends  upon  the  assumption  that  all  the  car-  Cg  =  weight  of  carbon  gasified,  per  ib.^rv  coai,  ib. 

bon  gasified  appears  in  the  gas  analysis.     It  is,  there-  "^'' =  fXmt  s°tinrrf<?u.ft".Vf'^r7'gai%'^^^^^^^^^ 

fnrp      flunrriv invite     since     the     condensilile     livrlrocarboiis  W  p  =  Weight  of  the  producer  gas  per  lb.  of  dry  coal,  lb. 

lore,     approximaie     since      tnc     conuensiuie     n\U10CaiUUUh  Wa  =  Weight  of  the  air  furnished  per  lb.  of  dry  coal,  lb. 

distilled    from    the    coal    throw    down    some    carbon    in    the  W's  =  weight  of  steam  furnished  per  Ib.  of  dry  coal,  from  the  vaporizer,  Ib. 

ws  =  v\  eight  of  steam  not  dissociat<?d  per  ib.  of  dry  coal,  lb. 

form    of    tar,    and    some    disappears    as    soot.       In    the    case  Tp  =  Temperature  of  gas  leaving  producer,  deg.  F =1108 

„  ,,  ..  ,,     ill-,  •  .1-       ■  1  t  =  Temperature  of  are  room,  deg.  F =      82 

of  anthracite  gas,  or  well  fixed  bituminous,  this  is  al- 
most ne'^lio'ible.  formulas.     The  data  are  part  of  the  full  observations  of 

The  largest  error  likely  to  occur  is  in  the  measure-  a  test  reported  in  the  Journal  of  the  A.  S.  M.  E.,  Decera- 

ment  of  the  coal;  hence  the  conditions  at  starting  and  ^^er,  1909,  for  which  the  ultimate  as  well  as  the  proximate 

stopping  should  be  noted  and  made  in  all  respects  nearly  coal  analyses  and  calorimetric  determinations  of  fuel  and 

the  same  as  is  possible.     Starting  and  stopping  should  gas  were  made,  and  the  gas  metered.     The  reader  may 

be  timed  just  after  a  regular  cleaning.     The  duration  of  thus  compare  the  results  by  the  approximate  formulas  lo 

the  test  should  be  long  enough  to  reduce  the  probable  b«  presented  with  the  more  exact  results  of  the  reporl.t 
error  caused  by  the  variation  in  fuel  content  of  the  pro-  -^H  the  items  of  the  heat  balance  will  be  figured  on  the 

ducer  to  a  small  percentage  of  the  total  coal  fired ;  this,  in  basis  of  one  pound  of  dry  coal.    The  calorific  value  of  the 

general,  will  not  be  less  Ihan  12  hr.     Uniform  coal  con-  ^^^7  coal  will  thus  be  the  heat  supplied,  if  the  sensible 

.«umption,  as  well  as  uniform  external  conditions,  must  heat  carried  in  by  water,  air,  etc..  is  neglected, 
be  maintained  as  constant  as  jiossihlc  and  the  producer  I'liELiMiNAKY  Cautlatioxs 

should  be  run  for  some  hours  under  the  required  condi-  ,     .     . 

tion-;  Icfore  startino-  the  tc^t  'T'"'  Pi-oxi"iate  analysis  is  generally  expressed  m  per- 

The  ash  and  refuse  should  be  collected  at  regular  clean-  rentage  by  weight  of  the  coal,  including  moisture.     To 

ing  intervals  and  weighed  after  drying.     It  is  best  to  sc-  ^"^1  ^he  Weights  per  i^ound  of  dry  coal,  it  is  necessary  only 

cure  a  sample  of  the  total  refuse  just  before  weighing  and  to  divide  each  of  the  items  by  100  minus  the  pcrccnlagr- 

to  determine  its  r  J.ture  and  carbon   as  in  the  proxi-  o^  moisture  as  reported.     Thus, 

mate  analysis  of  the  coal.    It  is  often  awkward  to  dry  all  '"  =  ''-'-^  ^  (^"'^  -  2.,;.)   =  0.0283  lb.  ot  niois- 

the  refuse  thoroughly,  but,  if  the  percentage  of  moisture  ture , 

is  known,  the  weight' of  dry  refuse  may  be  readily  figured.  ^•'»  =  "•'"''^  '  "'■  "^  ^ol"^''''  '"''"^•''  • 

Sampling  of  the  coal  and  ash  should  he  done  as  for  a  /^  =  "-'^"'^  '''•  "t  ti.vcd  carbon  : 

boiler  test.     Sampling  of  the  gas  should  bn  as  described  /  -  ^^-^-'^'^    ''•  of  a.sh  : 

in  the  article  on  "The  ITcat  Balance  of  a  0ns  Engine,"  ^^^  /^  =  "•«'''"  !''•  "^  '"'"'"'std.lc. 

appearing  in  the  Apr.  1    issue.     The  gas  should  be  col-  tNotr  that  thnso  ipsuits  arc  kIvch  for  the  standard   khs 

Iccted  before  entering  the  scrubber,  and  after  leaving  it  „^TndyrTh:n"L'',ris  fo/.?2'd'!..'F.  ."nd"2o'.?2""i^V.  "Th"';5\fiume 

per  pound  of  tho  laltci-  19  0.943  timi'S  that  of  the  fni mer.    Also 

•CopvrlKhted,  1913,  bv  .lullan  C,  .Smallwood.  Associate  Fro-  (he  specific  heats  of  the  pases  are  difTerent,   the  values  In  this 

feasor  o"f  Experimental  'Engineering,   Syracuse   University.  article  being  accordinK  to  later  author  Itles. 
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It  is  necessary  to  make  an  estimate  of  the  total  carbon 
in  the  coal,  since  the  proximate  analysis  gives  no  value  of 
the  carbon  contained  in  the  volatile  matter.  This  may  be 
done  according  to  the  method  suggested  by  Professor 
Marks  (Power,  Jan.  14,  1913)  for  semi-anthracite  and 
bituminous  coals.  For  anthracite  coals  in  these  calcula- 
tions sufficient  accuracy  is  attained  by  taking  the  volatile 
carbon  as  1  to  3  per  cent,  of  the  combustible  when  the 
volatile  matter  is  from  5  to  10  per  cent.  Then,  with  the 
given  data,  the  total  weight  of  carbon  in  one  pound  of 
dry  coal  is 

Ct  =  0.807  +  0.01  X  0.869  =  0.816  lb. 
The  total  carbon  in  the  ash  equals  total  dry  refuse  (ash 
-^-  carbon)  minus  ash  in  1  lb.  coal  times  total  coal  as  fired. 
It  is  uncertain,  however,  that  all  the  ash  from  the  coal 
consumed  during  the  test  is  taken  from  the  producer,  so 
that  it  is  better  to  anah'ze  a  sample  of  the  refu.se,  for  the 
amount  of  carbon  in  the  refuse  per  pound  of  dry  coal 
consumed  is 

Weight  of  dry  refuse  X  weight  of  C  in  1  lb.  of  refuse 
°'  ~  Total  weight  of  dry  coal 

In  the  test  under  consideration,  each  pound  of  the  refuse 
was  found  to  contain  0.388  lb.  of  carbon.  The  total  coal 
as  fired  was  798  lb.  Subtracting  from  this  the  moisture, 
which  equals  0.0275  X  ''98,  or  22  lb.,  the  weight  of  the 
dry  coal  is  776  lb. ;  from  which 


-^        3.0-4  X  o(i.4  X  0.774       ,      , 
Wa  = 33 =  4...-2 


Ih. 


Ca  = 


85  X  0.388 


=  0.042  lb. 


The  carbon  gasified  is  all  of  the  carbon  lu  the  coal  ex- 
i;ept  that  removed  with  the  ash.    Hence 

(yg  ^  Ct  —  Ca 

for  the  given  data,  Cg  =  0.816  —  0.043  =  0.774  lb.  of 
carbon  per  lb.  of  dry  coal. 

The  volume  of  dry  gas  generated  per  pound  of  dry  coal 
should  be  calculated  for  a  standard  condiiiou  of  pressure 
and  temperature.     The  standard  here  used  corresponds 
to  29.92  in.  of  mercury  and  32  deg.  F.     Then 
_  2980  X  Cg 

the  value  c  being  found  as  shown  in  column  (?>)  of  Table 

2,  and  the  value  being  the  cubic  feet  of  producer 

gas  per  pound  of  carbon  in  it.     For  the  given  data 
V  =  ^980  X  0.774  _  gjj  y  ^,^^_^^_  ^^^  ^^    ^^^_^  ^^^^^^ 

The  weight  of  the  dry  gas  per  pound  of  dry  coal  may 
be  obtained  from  this  if  the  weight  of  a  cubic  foot  of  the 
gas  is  known. 

Weight  per  cubic  foot  =  0.000028  X  /' 
the  value  p  being  found  as  shown  in  coiunin  (5)*of  Table 
2.    For  the  given  data. 

Weight  per  cubic  foot  =  0.000028  X  2576  =  0.0721  lb. 
From  which,  the  weight  of  the  producer  gas  per  pound 
of  dry  coal  is 

Wp  =  0.0721  X  60.9  =  5.04  lb. 

The  weight  of  air  Wa    supplied  to  the  producer  per 

pound  of  dry  coal  is  given  bv  the  formula 

„,        3.04  "x  -V,  X  Cg 
n  a  = = 

c 

X,  being  the  per  cent,  by  volume  of  nitrogen  in  the  gas 
as  given  in  column  (3),  Table  3.     For  the  given  data. 


The  weight  of  steam,  11' i,  supplied  liy  the  vaporizer  per 
pound  of  dry  coal  is  found  by  dividing  the  total  weight 
of  water  to  the  vaporizer  liy  the  total  weight  of  dry  coal. 
For  the  given  data. 


H'j 


^  =  0.345  lb. 
1  1 0 


Coming  now  to  the  heat  balance,  the  first  item  is 
(a)  Usefid  heat  in  the  cool  gas.  This  is  exclusive  of 
sensible  heat  if  the  gas  is  to  be  used  for  power,  and  is 
due  to  its  calorific  vahie  wheii  completely  burned.  The 
higher  heat  value  will  be  used.  Since  all  items  of  the 
heat  balance  are  based  on  one  pound  of  coal,  the  useful 
heat  may  be  found  by  multiplying  the  volume  of  gas,  per 
pound  of  coal,  V,  by  the  higher  heat  value  in  B.t.u.  per 
standard  cubic  foot.  The  heat  value  may  be  figured  a.s 
in  column  (7)  of  Table  2.  This  gives  the  values  for  the 
gas  constituents,  according  to  their  amounts  in  one  cubic 
foot,  the  sum  of  which  is  the  required  heat  value.  For 
the  given  data,  the  useful  heat  is  69.9  X  148  =  10,300- 
B.t.u. 

The  heat  value  of  the  dry  coal  was  found  to  be  l->,ot() 

TABLE   2.     .4N.\LYSIS   OF  G.\S  GENERATED   DURING   TEST.   AND- 
COMPUTATION  OF  QUANTITIES  USED  I.N  FIGURING  RESULTS 

(1)  (2)  (3)  (4)  (5)  (6)  (7) 

Constit-  Percentage  Subscript  Molecu-  Higher 

uenis  of  by  of  lar  wt.  (2)x(4)  heat  (6)x(2) 

gas  volume  C  x  (2)  of  (1)  value  

of  (1)  100 

CO  27.0  27  0  28  736  342  92.4 

H.  10.4  2  20.8  348  36.2 

CH.  1.8  1.8  16  28.8  1065  19.2 

C.H.  0  0  0  28  0  1680  0 

O,  0  2  32  6  4 

CO,  4  2  4.2  44  184  8 

.N,  56.4  28  1579,2 


=  33.0 


p  =  2576.0  147.8  = 

higher     heat     value- 
of  gas 

B.t.u.,  hence  the  "cold  gas"  efficiency  of  the  producer  is 
10,300  -^  13,040  =  79  per  cent. 

(b)  Sensible  heat  in  the  dry  gas  leaving  the  producer 
equals 

Wp  X  specific  heat  X  {Tp  —  /) 
The  weight  of  the  dry  gas  has  been  previously  figured. 
The  specific  heat  of  producer  gas  varies  greatly  with  the 
hydrogen  content.  Except  for  hydrogen  the  average  specific 
heat  of  all  the  gases,  exclusive  of  steam,  may  be  taken  as 
0.26  for  a  temperature  of  1100  or  1200  (leg.  F.  The 
specific  heat  of  hydrogen  for  these  temperatures  is  about 
3.72,  so  that  even  though  its  percentage  by  weight  is  al- 
ways small,  the  effect  of  hydrogen  upon  the  average 
specific  heat  of  producer  gas  is  very  marked  and  varies 
with  the  amount  of  hydrogen  present.  The  accompany- 
ing curve  gives  the  average  specific  heats  of  normal  pro- 
ducer gas  with  various  percentages  of  hydrogen.  For  the 
given  data  (H,  =  10.4)  it  is  seen  to  be  0.288. 

The  temperature  of  the  gas  should  be  taken  near  the 
outlet  at  the  producer  with  a  suitable  pyrometer.  For 
the  given  data, 

Sensible  heat  =  5.04  X  0.288  X  (1108  —  82)  = 
1490  B.t.u. 
or 

1490  ~  13,040  =  11.4  per  cent. 

(c)  Heat  lost  by  excess  of  steam  to  the  producer. 
This  is  estimated  from  the  weight  of  steam  found  in  the- 
gas  per  pound  of  dry  coal,  and  equals 

Ws     X   total  heat  per  pound  of  the  steam 
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The  total  heat  of  the  steam  may  be  taken  with  sutficient 
accuracy  for  this  calculation,  as 

1000  +  0.5  X  Tp 
For  a  more  exact  value,  the  expression  quoted  in  the  "Heat 
Balance  of  a  Gas  Engine"  may  be  used. 

To  find  Ws  several  methods  are  open.  It  may  be  meas- 
ured directly  by  drawing  a  sample  of  the  producer  gas 
through  a  tube  of  calcium  chloride,  the  increase  in  weight 
giving  the  moisture  absorbed.  The  gas  is  siphoned  into 
a  container  of  known  size  so  that  its  volume,  and,  hence 
its  weight,  may  be  obtained.  Ws  may  also  be  figured 
from  the  hydrogen  content  of  the  coal  and  the  gas.  An 
easier  method  is  based  upon  the  fact  that  the  sum  of  the 
weights  of  the  gasified  carbon,  air  and  water  vapor  fed 
into  the  producer  must  equal  the  weight  of  the  producer 
gas,  including  moisture.  Hence, 
(^'g -|_  Jfa -^  Jf^ -|- «i -)-  vaporbroiKjJit.  in  with  air  —  Wp=  Ws 

The  air  vapor  may  be  neglected  here,  although  it  may 
be  a  large  percentage  of  the  total  steam,  since  its  latent 
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Variation  of  Specific  Heai:  of  Producer  Gas  with 
Different  Percentages  of  Hydrogen 

heat  is  not  added  by  the  coai.    Then,  for  the  given  data, 
ws=  0.774  +  4.02  +  0.345  +  0.0383  —  5.04  =  0.137  Ih. 

from  which  the  heat  lost  to  the  steam  is 

0.137  X  (1000  +  0.5  X  1108)  ==  213  B.l.u. 
or 

213  -^  13,040  --  1.0  inu-  rciif. 
Items  (b)  and  (c)  togetlier  equal  the  heat  given  to 
the  scrubber  plus  that  radiated  between  the  scrubber  and 
producer  outlets.  For  comparison,  or  to  get  an  estimate 
of  the  amount  of  sensible  and  latent  heat  in  the  gas  with- 
out measuring  it  as  just  described,  the  heat  added  to  the 
scrubber  water  may  be  determined.  The  water  may  be 
measured  by  a  meter,  and  its  temperature  rise  a.scer- 
tained,  as  for  the  jacket  water  of  a  gas  engine.  In  the 
test  quoted  the  total  weight  of  scrubber  water  was  22,200 
lb.  and  its  temperature  rise  was  45.8  deg.  F.  Hence,  the 
heat  given  to  the  scrubber  per  pound  of  dry  coal  is 
22,200 


77(; 


X  45.8  =  1310  B./.K. 


((I)  Thr  linil  lost  fo  carbon  in  ike  ash.  Taking  the 
heat  value  of  carlioii  as  11,500  B.t.u.,  this  loss,  jier  pound 
of  dry  coal,  is  ]  1.500  X  Ca.     For  the  given  data, 

1  1.500  X  0.042  =  GW  H.l.u. 
or 

610  -^  13,040  =  4.7  per  cent, 
(c)     Radiation  from   the  producer  and  other  losses. 
These  may  be  grouped  in  one  item  by  subtracting  the  pre- 
viously calculated  boat  balance  quantities  from  the  beat 


supplied,  or  some  of  them  may  be  separately  determined. 
The  loss  by  leakage  of  air  in  the  case  of  a  suction-pro- 
ducer plant  may  be  found  by  comparing  the  useful  heat, 
as  herein  calculated,  before  and  after  the  dilution.  In  a 
pressure-producer  plant,  any  leakage  is  apt  to  be  de- 
tected ;  the  only  way  to  measure  it  is  by  metering  the  gas 
since  leakage  does  not  alter  its  composition.  The  loss 
due  to  tar  and  soot  may  be  found  by  a  special  analysis  of 
the  gas  as  it  leaves  the  producer. 

Grou])ing  these  losses  for  the  given  data,  we  have 
Radiaiiun,  etc.,  =  100  —  (79.0  -j-  ll.t  -f-  1.6  +  4.7)  = 
3.3  per  cent. 

Other  efficiencies  and  results.  The  "hot  gas"  efficiency 
is  often  expressed  when  the  gas  is  used  for  heating.  In 
this  case  the  sensible  heat  is  also  "'useful."  If,  then,  the 
first  three  items  of  the  heat  balance  in  per  cent,  are  added, 
the  result  will  be  the  hot  gas  efficiency.  For  the  given 
data,  this  is 

79  +  11.4  +  l.G  =  92  per  cent. 

The  "efficiency  based  cm  combustible,"  corresponding  to 
the  boiler  efficiency  so  known,  is  the  efficiency  that  would 
be  obtained  if  there  were  no  loss  of  ftiel  in  the  ash,  and 
equals 


Efficieiicij  baxed  ou  coal 


Ca 


r  ni  +  /. 


the  quantity  in  the  parenthesis  being  the  efficiency  of  the 


gvate,   or 
equals 


.•leaning.     For  the 


data,  this  efficiency 


1  - 


O.042 


=  82.0  per  cent. 


for  the  cold  gas. 

For  purposes  of  comparison  of  tests  with  dilferent  kinds 
of  fuel,  it  is  useful  to  obtain  the  volume  of  gas  per  pound 
of  combustible.     This  equals 

V  -=-  {vm  -)-  fc). 

In  capacity  tests,  the  out^;  at  may  be  measured  in  cubic 
feet  per  hour  by  multiplying  V,  as  herein  calculated,  by 
the  weight  of  dry  coal  used  per  hour. 

For  pressure  producers  it  is  necessary  to  account  for  the 
coal  used  in  the  auxiliary  boiler  to  make  steam.  This  may 
be  included  in  the  total  coal  charged  against  the  producer, 
and  another  item  added  to  the  heat  balance  to  account  for 
the  heat  used  in  the  steam-making  process.  Or,  from  the 
volume  of  gas  generated  there  may  be  subtracted  an 
amount  equivalent  to  the  steam  su])plied,  which  does  not 
seem  to  be  so  logical  a  process. 

For  bituminous  producers,  if  much  carl)on  disi  jijiears 
as  tar,  it  is  necessary  cither  to  meter  the  gas  to  get  V, 
or  to  determine  the  amount  <if  carbon  going  to  tar  from 
one  pound  of  dry  loal.  liy  iinalysis  nf  a  sample  extracted 
from  a  measured  volunu'  nf  gas.  Froni  this  result  it  is 
possible  to  obtain  a  more  correct  value  for  the  amount  of 
carbon  gasified. 

The  heat  balance  may  be  extended  to  cover  the  dis- 
tribution of  heat  in  a  gas  engine  sup])lied  by  the  jiroducer, 
liy  the  methods  iiulicated  in  the  article  covering  this  sub- 
ject. In  this  case,  the  gas  need  not  be  metered  siiu'e  the 
fuel  quantities  are  measured  in  the  coal,  and  the  heat 
quantities  should  be  based  upon  one  pound  of  dry  coal 
instead  of  one  cubic  foot  of  gas.  The  exhaust  losses  as 
calculated  in  the  previous  article  may  be  readily  changed 
to  the  coal  basis  by  multiplying  them  by  V  as  herein  ob- 
tained. 
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Refrigeration  a  Desirable  Load  for 
Central  Stations* 

During  the  last  few  years  central-station  men  in  all 
parts  of  the  country  have  come  to  understand  the  marked 
effect  that  a  high  annual  load  factor  has  on  reducing  unit- 
output  costs,  and  are  desirous  of  securing  those  classes 
of  business  which  will  tend  to  bring  up  load  factor.  One 
of  the  important  lines  of  business  which  comes  imder  the 
above  head  is  that  of  refrigeration.  Up  to  comparatively 
recent  times  refrigeration  has  been  confined  to  large 
steam-driven  plants  used  in  either  the  manufacture  of  ice 
or  in  cold-storage  warehouses.  The  advent  of  the  elec- 
tric motor  and  the  availability  of  central-station  service 
at  all  hours  have  made  possible  the  wide  use  of  refrigerat- 
ing apparatus,  so  that  at  the  present  time  it  becomes  a 
part  of  the  standard  equipment  of  practically  every  class 
of  modern  building. 

A  more  recent  development  of  the  use  of  central-sta- 
tion power  in  this  class  of  business  is  in  connection  with 
the  manufacture  of  ice  in  large  quantities,  and  this  is 
an  important  field  for  central-station  exploitation,  as  it 
involves  the  use  of  large  blocks  of  power  during  off-peak 
hours,  and  at  a  high  annual  load  factor.  This  has  al- 
ready reached  such  proportions  that  last  sea.son  in  one 
city  alone  there  was  manufactured  100,000  tons  of  ice 
with  central-station  pov.er. 

In  the  last  year's  report  of  the  committee  it  was  pointed 
out  that  there  are  in  the  United  States  about  2000  steam- 
driven  ice  plants,  which,  if  operated  by  central-station 
power,  would  mean  a  consumption  of  from  600,000,000 
to  700,000,000  kw.-hr.  per  year.  The  probabilities  are 
that  there  will  be  a  steady  increase  in  the  number  of  ice 
plants. 

Advantages  of  the  Electric  Plant 
One  of  the  principal  advantages  of  the  electrically  op- 
erated ice  plant  is  that  it  may  be  built  at  or  near  the 
center  of  the  territory  to  which  it  is  to  supply  ice,  ir- 
respective of  railroad  facilities.  This  is  an  important 
point,  as  a  large  item  of  cost  in  the  ice  business  is  that  of 
delivery  to  the  consumer.  The  ideal  arrangement  is  to 
install  plants  of  from  80  to  100  tons  capacity  about  two 
miles  apart,  so  that  each  plant  will  supply  the  territory 
within  a  radius  of  a  mile,  thus  reducing  delivery  to  a 
minimum.  One  other  point  of  advantage  is  that  better 
ice  can  be  produced,  as  the  trouble  frequently  encountered 
in  steam-driven  plants  of  having  oil  carry  over  from  the 
engine  cylinder  is  eliminated. 

Ice  Making 

It  might  be  well  to  point  out  a  few  physical  facts  in 
connection  with  the  manufacture  of  ice. 

Chemically-pure  water  free  from  air  will  freeze  solid 
and  clear. 


*Excerpts  from  report  of  the  Committee  on  Refrigeration 
read  before  tlie  National  Electric  Light  Association,  Chicago, 
June   2-6,   1913. 


Water  containing  impurities  in  solution  tends  in  freez- 
ing to  force  these  impurities  out  of  solution.  The  slower 
the  process  of  freezing  the  more  completely  is  the  puri- 
fication effected. 

Ice  formed  in  still  water  sends  out  long,  slender  crystals, 
which  increase  in  number  and  size,  forming  a  meshwork 
which  gradually  becomes  a  solid  mass. 

Agitation  of  water  during  freezing  aids  in  the  separa- 
tion of  impurities  and  is,  therefore,  of  value  in  the  form- 
ing of  solid,  clear  ice. 

Practically  all  natural  waters  contain  air  and  more  or 
less  organic  or  inorganic  material  in  solution.  These 
substances  tend  to  cause  the  ice  formed  to  be  opaque,  Ijut 
as  they  are  frozen  out  of  solution,  those  that  are  light 
rise  and  collect  near  the  surface,  and  heavier  ones  stay 
near  the  bottom. 

The  rate  of  ice  freezing  increases  as  the  thickness  al- 
ready formed  increases.  The  time  required  to  freeze  in- 
creases as  the  square  of  the  thickness  to  be  frozen.  The 
formation  of  natural  ice  is  from  the  top  down  and  im- 
purities frozen  out  of  solution  fall.  This  and  the  mo- 
tion of  the  water,  especially  in  quiet-running  streams, 
tend  to  make  natural  ice  transparent.  American  manu- 
facturers of  ice  have  always  tried  to  duplicate  this  clear- 
ness, although  in  foreign  countries  opaque  ice  is  frequent- 
ly used  commercially. 

Di.sriLLED  Watek  Ice  Making 

From  the  foregoing  it  will  be  noticed  that  distilled 
water  will  freeze  solid  and  practically  clear.  This  is 
doubtless  one  of  the  main  reasons  why  such  a  large  num- 
ber of  plants  now  in  existence  are  making  ice  from  dis- 
tilled water.  The  plan  was  to  utilize  the  condensed  water 
from  the  engines  for  a  large  part  of  the  distillate.  It 
might  be  thought  by  a  casual  observer  that  this  was  an 
ideal  arrangement  against  which  purchased  power  could 
not  compete.  The  situation  has  been  met,  however,  in 
two  ways,  (1)  by  making  raw- water  ice,  i.e.,  freezing 
the  water  without  first  distilling  it,  and,  (2)  in  cases 
where  distilled-water  ice  is  desired,  by  securing  the  nec- 
essary distilled  water  by  means  of  a  multiple-eflrect  evap- 
orator. This  is  an  efficient  piece  of  apparatus  for  secur- 
ing a  high  evaporation  of  water  per  pound  of  coal.  With 
this  apparatus  six  times  as  much  water  can  be  evaporated 
per  pound  of  coal  as  with  the  ordinary  boiler.  To  se- 
cure this  result,  advantage  is  taken  of  the  fact  that  water 
will  under  vacuum  evaporate  at  a  much  lower  tempera- 
ture than  under  ordinary  conditions. 

Evaporators  for  ice-plant  work  are  classified  broadly 
into  two  types — e.xhaust  and  high  pressure.  In  a  stand- 
ard noncondensing  steam-driven  ice  plant  the  losses  vary 
from  10  to  20  per  cent.,  and,  hence,  100  tons  of  distilled 
water  in  the  cans  means  at  least  115  tons  produced  or 
handled.  Of  this  amount  the  compressors  and  auxiliaries 
will  furnish  not  over  00  tons :  hence  a  makeup  of  20  to  25 
tons  must  be  bled  from  the  boilers  at  the  average  rate 
of  evaporation   of  the   plant.      The   exhaust-steam   evap- 
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orator  in  single  eiiect  with  an  economy  of  eight  tons  of  raw  water  from  the  core  is  necessary  to  secure  a  clear 

distillate  per  10  tons  of  steam,  supplies  this  makeup  with  cake  of  ice,  as  it  would  be  impossible  to  agitate  the  raw 

a  consequent  direct  saving  in  coal   represented  by  this  water  until  it  is  entirely  frozen.     Then,  too,  the  water 

evaporation  in  the  boiler  less  pump  charges.     With  two-  which  has  been  removed  from  the  core  contains  practically 

effect    plants    operating   from   a   few   pounds    above    at-  all  of  the  impurities  from  the  entire  can.     This  process 

mosphere  to,  say,  25  in.  of  vacuum,  the  economy  may  be  involves  the  use  of  between  15  and  20  per  cent,  of  dis- 

increased  to  a  ratio  of  21/4  to  1  of  steam.  tilled  water  which  can  be  supplied  by  means  of  a  small 

If  the  plant  be  put  upon  a  standard  compound-con-  multiple-eifect  evaporator,  such  as  is  used  in  regular  dis- 

densing  basis  a  still  greater  deficiency  exists,  say,  60  per  tilled-water  plants. 

cent,  of  the  total  coming  from  the  evaporators,  and  the  Plate  Plants — In  the  plate  type  of  plant  hollow  plates 

cost  of  production  is  still  more  against  central-station  through  which  cold  brine  or  ammonia  can  be  made  to  cir- 

power.     Evaporators  for  the  service  may  be  two  or  more  culate,  are  immersed  vertically  in  tanks  filled  with  water 

effects,  depending  upon  the  price  of  coal.    Their  economy  which  is  agitated.    The  ice  forms  gradually  on  both  sides 

may  run  to  as  high  as  5V^  to  1.  of  the  plates,  thus  ridding  itself  of  any  air  or  other  ira- 

For  motor-driven  ice  plants  the  problem  is  to  produce  purities  on  its  surface.  In  the  can  system  these  impurities 

the  distilled  water  as  cheaply  as  possible,  and  resolves  concentrate  toward  the  center,  forming  an  impure  core 

itself  into  a  consideration  of  capital  investment  versus  which  is  removed  as  previously  explained.    With  the  plate 

efficiency,  and  the  governing  factor  is  usually  the  price  system  it  is  not  necessary  to  distill  or  boil  water  which  is 

of  fuel.    With  motor-dri\en  pumps,  an  eight-effect  plant  otherwise  pure  for  ice  making.    The  plate  plant  however, 

will  give  an  economy  of  6  to  1,  and,  hence,  produce  with  requires  more  skill  to  ninnipulate  it  successfully,  and  is 

average  Western  coal  and  boiler  performance,  45  to  48  more  expensive  to  install  and  keep  in  repair. 

REPRESENTATIVE  ICE  PLANTS  USING  CENTRAL-STATION  POWER 
DISTILLED-WATER  PLANTS  (CAN  PLANTS) 

Rated 

Rated                                            1912  Data  Capacity                                                                         Average 

Capacity                Total               Yearly  Kw.          Maximum  Kw.-hr.              Months  of 

per  Day             Connected           Maximum  Demand             Yearly  Ice              Annual                per  Ton              Operation 

Plant                                        Tons                 Load  Hp.              Demand  per  Ton,  Kw.      Output  Tons           Kw.-hr.                  of  Ice 
Knickerbocker     Ice    Co.,     61st    St. 

Plant,  Chicago 120                        564                        364  3.0                      37,205                 1,4.57,912                 44.7                          8 

Knickerbocker    Ice    Co.,    65th    St. 

Plant,  Chicago 90                        375                       248  2  7                        9,(X)5                    SB8,S24                 63                              5 

Englewood  Distilled  Water  Ice  Co., 

Cnicago SO                        302                        2.36  3,0                        8,651                    487,658                 56.3                          5 

Webster-Citizens  Co.,  Mechanics  St. 

Plant,  Buffalo,  N.  Y 90                       427                        230  2  5                      33,002                 1,444,608                 43  7                        12 

RAW-WATER  PLANTS  (CAN  PLANTS) 

Lincoln  Ice  Co.,  Chicago 120                        511                        362  30                      27,839                 1,455.012                 52  2                        12 

Crystal  Ice  Co.,  Chicago 60                        235                        233  3  9                        9,656                    622,186                 64.5                        10 

RAW-W.\TER    PLANTS  (PLATE  SYSTEM) 
Crystal  Ice  &  Storage  Co.,  Buffalo, 

N.  Y 130                      352.5                    297.4  2  3                      16,243                    938,100                 57.7                        12 

tons  of  distilled  water  per  ton  of  coal.    It  is  seldom  econ-  In  this  system  when  the  ice  is  formed  to  the  desired 

omy  to  exceed  eight  effects.  thickness    (usually   about    12    in.),   it   is   loosened   from 

_        „,           _  the  freezing  plates  by  various  thawing  arrangements.  The 

Raw-u  ater  Plants  •         ,         ^ ,      «  i /  i.4.   i     1 .,  •      ■    ^i  ■  1                 1  -^^  j 

ice  cakes,  often  9x16  It.  by  18  in.  m  thickness,  are  lifted 

To  do  away  with  the  necessity  of  using  distilled  water,  from  the  tanks  by  overhead  cranes,  and  are  carried  to  a 
many  raw-water  plants  have  been  built  and  are  giving  table  where  they  arc  cut  to  commercial  size, 
good  results.     One  of  the  items  which  must  have  an  im- 
portant bearing  will  be  the  .character  of  the  water  supply.  Motor  Drive 

In  some  sections  of  the  country  where  the  water  contains  •  In  order  that  the  successful  operation  of  an  electrically 
a  large  amount  of  mineral  substance  in  solution,  it  may  driven  ice  plant  may  be  assured,  it  is  necessary  that  a 
be  difficult  to  secure  clear  raw-water  ice,  but  ordinarily  proper  equipment  be  installed.  One  of  the  important 
there  is  very  little  difference  in  the  appearance  of  dis-  features  is  the  type  of  motor  to  be  used.  In  all  prob- 
tilled-water  ice  and  raw-walcr  ice  as  manufactured  in  the  aliility  the  great  majority  of  the  plants  to  be  considered 
best  plants.  Mill  be  located  in  territory  in  which  the  central-station 
The  methods  of  manufacture  of  raw-water  ice  can  be  su])ply  is  alternating  current;  in  fact,  all  of  the  large 
classed  under  two  general  head.s — the  first  known  as  the  plants  thus  far  constructed  have  been  equip]ied  with  three- 
can  .system  and  the  second  as  the  ])late  system.  Mo.st  of  phase  motors.  There  is  some  difference  of  ojiinion  as  to 
the  plants  now  in  operation  are  of  the  can  type,  although  whether  motors  should  be  (h'signed  for  constant  speed  or 
there  are  a  few  of  the  plate  variety.  variable  speed.  In  any  event,  they  shouhl  be  of  the  slow- 
fan  Phiiil.s — In  a  can  plant  the  ice  is  formed  in  large  speed,  slip-ring  induction  type,  and  equi]i]H'(l  with  drum 
cans  in  which  filtered  raw  water  ha,«  been  placed,  these  controllers.  In  ca.so  consliint-speed  work  is  desired,  the 
cans  being  immersed  in  tanks  of  refrigerated  brine  which  resistance  to  he  furnished  with  the  controller  need  be 
is  being  constantly  circulated  by  means  of  pumps.  During  large  enough  simply  for  starting  the  motor.  If  at  a  later 
the  prwess  of  freezing,  tlic  water  in  the  cans  i.s  agitated  time  it  becomes  desirable  to  ojierate  the  motor  at  variable 
liy  means  of  compressed  air  to  secure  clear  ice.  The  water  speed,  the  only  change  required  will  he  to  install  addi- 
in  the  can.'?  is  permitted  to  freeze  until  the  core  is  reached,  tional  resistance.  The  use  of  niultispeed  motors  has  been 
at  which  time  the  core  water  is  reiilaced  by  distilled  water  suggested  for  .this  class  of  work,  but  it  was  the  opinion  of 
and  the  cake  frozen  solid,  leaving  simply  a  feathery  efTect  the  committee  that  this  practice  should  be  discouraged, 
through  the  middle  of  the  cake.     This  removal  of  the  as  the  efficiency  of  the  motor  at  full   load   is  not  quite 
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as  high   as  the  stanrlard   motor,   and,   furthermore,   the 
power  factor  is  considerably  lower. 

Voltage  of  Motor 

While  some  of  the  companies  have  adhered  to  the 
standard  practice  of  using  220- volt  motors,  others  have 
adopted  the  plan  of  operating  the  large  compressor  motors 
at  primar}-  voltage  of  approximately  2300  volts,  using 
lower  voltage  on  motors  operating  the  auxiliaries.  The 
efficiencies  of  three-phase  motors  aie  the  same  at  either 
230  volts  or  2300  volts.  The  factors  involved  in  making 
a  choice  are  the  economies  in  operation  due  to  the  elimina- 
tion of  transformer  losses,  and  the  comparative  costs  of 
first  installation.  The  use  of  primary  voltage  on  motors, 
however,  introduces  a  risk  to  attendants  which  many  of 
the  large  companies  hesitate  to  assume. 

COMPAEATIVE    OPERATION" SteAM    AXD    EleCTRIC 

The  question  is  often  asked  whether  or  not  an  elec- 
trically operated  plant  can  be  made  to  operate  as  cheaply 
as  a  steam-driven  plant  when  the  location  is  favorable 
to  the  steam  plant,  that  is,  when  ample  railroad  facilities 
are  available  so  that  coal  can  be  brought  in  under  the 
best  conditions.  The  question  is  best  answered  in  the 
words  of  one  of  the  largest  ice  operators  in  the  country, 
who  has  a  number  of  distilled-water  ice  plants,  both  steam 
and  electric.  He  states  that  under  his  conditions  of  op- 
eration there  is  practically  no  difference  in  the  cost  of 
nianufacture  under  the  two  systems.  Under  the  electric 
plan  of  operation,  however,  he  can  locate  plants  to  best 
suit  his  needs. 

Operating  data  on  typical  electrically  driven  ice  plants 
•will  be  found  in  the  accompanying  table. 

One  Cause  of  Decreased  Output  in 
Ice  Plants 

By  Peter  Xeff 

It  sometimes  happens  in  an  ice-making  plant  which 
operates  on  what  is  termed  the  flooded  system,  that  the 
capacity  falls  off  without  apparent  reason.  The  engineer 
is  sure  the  system  is  working  perfectly,  that  frost  shows 
at  the  feed  valve,  and  all  other  conditions  seem  to  be  as 
usual,  and  yet  the  capacity  of  the  plant  has  decreased. 
From  my  experience  this  trouble  is  most  frequently  the 
result  of  a  very  simple  cause. 

As  is  well  understood,  the  production  of  the  cold  is 
brought  about  by  the  absorption  of  what  is  termed  latent 
heat,  in  changing  the  liquid  ammonia  into  a  vapor;  the 
heat  required  being  taken  from  the  medium  surrounding 
the  evaporator,  thus  cooling  it.  And,  further,  that  if  in 
place  of  liquid  ammonia  being  introduced  into  the  evap- 
orator, there  be  uncondensed  ammonia  vapor,  this  vapor 
when  it  encounters  the  low  temperature  will  condense, 
and  in  doing  so  will  impart  to  the  evaporator  the  latent 
heat  which  it  contains.  The  evaporator  will  become  heated, 
resulting  in  the  failure  of  the  system  to  produce  any  use- 
ful work.  Such  a  condition  would  be  quickly  apparent 
to  the  engineer  in  charge. 

On  the  other  hand,  if,  while  the  plant  is  running  con- 
tinuously, the  production  is  normal  and  the  system  in 
proper  condition,  there  is  supplied  to  the  feed  valve  a  mix- 
ture of  liquid  and  vapor,  what  is  the  result?  Suppose 
that  for  every  10  lb.  of  ammonia  supplied  to  the  feed 


valve  that  9  lb.  is  liquid  and  1  lb.  vapor.  As  this  mix- 
ture passes  into  the  evaporator  a  portior  of  it  is  evap- 
orated in  cooling  what  has  been  introduced  at  the  tem- 
perature of  the  condenser  down  to  the  temperature  of  the 
evaporator;  this  is  the  dead  work  that  always  has  to  be 
done  on  the  liquid  ammonia,  and  is  the  reason  why  it  is 
desirable  to  have  the  liquid  as  cool  as  possible  when  it 
reaches  the  feed  valve.  In  the  case  where  liquid  only  is 
supplied  to  the  feed  valve,  the  loss  incident  to  cooling  it  is 
provided  for  in  the  size  of  the  compressor.  This  loss  is 
bad  enough  but  in  the  case  taken  there  is  an  additional 
loss,  for  the  1  lb.  of  vapor  has  to  be  conden.sed  and  the 
heat  which  it  contains  must  be  taken  up  by  the  evapora- 
tion of  a  part  of  the  liquid  ammonia,  in  this  case  amount- 
ing to  about  a  pound,  so  that  the  available  work  of  the 
10  lb.  introduced  has  been  reduced  some  10  per  cent.,  and 
this  loss  is  at  the  expense  of  compressor  energy.  Thus, 
while  the  compressor  and  other  parts  are  doing  their  full 
duty  the  capacity  of  the  plant  falls  off. 

Just  what  percentage  of  the  amount  passing  the  feed 
valve  can  be  vapor  and  yet  the  condition  of  a  frosted  feed 
valve  be  maintained,  cannot  be  stated,  but  I  have  known 
of  ])lants  where  the  production  fell  off  over  10  per  cent, 
and  still  the  frosted  condition  of  the  feed  valve  remained. 
This  frost,  however,  to  the  observant  eye  showed  a  marked 
difl'erence  when  nothing  but  liquid  was  passing  through. 

This  condition  of  mixed  vapor  and  liquid  results  from 
practically  all  the  liquid  being  withdrawn  from  the  re- 
ceiver, at  least  enough  to  allow  the  outlet  opening  to  be 
at  times  partially  exposed.  There  are  a  number  of  ways 
in  which  this  condition  may  occur.  An  engineer  will  get 
careless  about  watching  the  feed  valve,  and  while  the 
flooded  system  does  not  require  the  close  attention  that 
the  expansion  system  does,  yet  it  is  not  automatic.  Now 
a  feed  valve  may  be  so  set  that  it  will  be  hours  before  the 
condition  referred  to  begins,  at  flr.st  very  slowly,  then 
faster  and  faster,  until  after  a  while  the  engineer  notices 
that  his  tank  temperatures  are  rising.  If  it  has  gone  so 
far  that  the  frost  has  left  the  feed  valve  he  will  be  quick 
to  notice  what  the  trouble  is.  If  not,  he  may  blame  it 
on  the  puller  or  the  firemen,  or  just  to  pure  depravity  of 
the  plant. 

Where  the  charge  of  ammonia  is  low,  this  trouble  is 
more  likely  to  occur.  A  change  in  condenser  pressure  ef- 
fects it,  for  the  greater  the  difference  between  the  high 
and  low  jjressures  the  greater  will  be  the  flow  through 
a  given  sized  opening.  Where  the  engineer  has  a  gage- 
glass  on  the  ammonia  receiver,  and  this  is  watched,  there 
is  little  likelihood  of  this  trouble  arising.  It  is  such  a 
simple  trouble  that  one  would  hardly  suppose  it  could 
frequently  hapjjen,  yet  it  does  to  the  discomfort  of  the 
engineer  and  the  financial  loss  of  the  owner. 


A  new  method  of  removing  hard  scale  from  boilers  is 
described  in  "Engineering."  The  apparatus  (known  as  the 
"Pyro"  boiler  cleaning  system)  used  consists  of  an  ox.v- 
acetylene  blowpipe  with  two  or  three  jets,  a  portable  acety- 
lene generator,  a  steel  cylinder  of  compressed  oxygen,  and 
the  necessary  length  of  flexible  tubing.  When  it  is  desired  to 
remove  any  scale,  the  blowpipe  flame  is  played  upon  it  for 
a  few  minutes  (depending  upon  the  thickness  of  the  scale) 
until  the  scale  cracks  and  falls  off  due  to  rapid  expansion 
under  the  high  temperature.  If  the  scale  is  slightly  damp. 
the  operation  is  assisted.  Care  should  be  taken  to  keep  the 
flame  from  playing  on  the  bare  plate  for  any  length  of  time. 
One  of  the  advantages  claimed  for  this  method  is  that  it  can 
be  easily  applied  to  parts  of  a  boiler  where  hand  chipping  is 
impossible. 
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When  and  What  To  Accept 

A  firm  permits  a  man  to  purchase  supplies  and  to  select 
and  have  charge  of  new  equipment  for  two  reasons:  First, 
because  it  believes  his  skill  and  experience  fit  him  to 
better  select  than  others  in  the  firm's  employ.  Second, 
because  it  believes  he  will  select  honestly,  i.e.,  that  he  will 
not  allow  his  judgment  to  be  warped  or  influenced  by  the 
"presents"  and  "tokens  of  appreciation"  offered  by  bid- 
ders or  those  seeking  to  sell  goods. 

It  is  so  easy  to  accept  things  you  should  not  accept 
from  persons  with  goods  to  sell.  First  you  take  a  cigar ; 
there  is  no  harm  in  that.  Then,  perhaps,  you  are  speak- 
ing of  some  peculiar  steam  troubles  to  a  representative 
and  he  tells  you  that  just  that  very  subject  is  covered 
by  a  certain  book  and  that  he  will  be  glad  to  mail  you  a 
copy.  If  your  employer  were  in  the  office  with  you,  you 
would  not  be  ashamed  to  let  him  see  you  take  a  cigar  or 
accept  the  book.  But,  suppose  the  coal  dealer  were  send- 
ing coal  to  your  house  in  return  for  the  privilege  he  en- 
joys of  supplying  the  plant  with  coal?  You  would  not 
want  "the  boss"  to  know  about  that. 

Do  not  accept  anything  that  you  woul<l  not  want  your 
employer  to  know  about.    That  is  a  safe  rule  to  follow. 

Cinder  Arresters  in  City  Plants 

With  the  increasing  use  of  mechanical  stokers,  low- 
grade  coals  and  the  high  draft  necessary  for  economical 
combustion  and  overloads,  the  smoke  and  cinder  nuisance 
becomes  greater. 

Smoke  and  cinders  emitted  from  the  stacks  of  in- 
dustrial and  central-station  plants  located  in  cities,  not 
only  pollute  the  atmosphere  of  the  neighborhood,  ruin 
clothes  and  deface  architecture,  but  in  many  cases,  par- 
ticularly industrial  centers,  spoil  the  product  of  adjacent 
mills  or  factories.  Textile  mills,  chemical  works  and 
factories  making  foodstuffs  cannot  be  run  well  with 
closed  windows  during  the  summer,  but  chronically  smok- 
ing stacks  in  the  vicinity  often  make  this  necessary,  mucli 
to  the  discomfort  of  the  employees  and  consequently  the 
out])ut  is  decreased. 

With  the  use  of  high  draft  and  low  stacks,  both  com- 
mon in  these  days,  this  evil  is  augmented.  Smoke-inspec- 
tion laws  and  the  intelligent  cooperation  of  the  smoke- 
inspection  department  does  much  to  minimize  tlie  evil 
in  any  locality. 

Cinder  or  spark  arresters,  placed  in  the  stacks  or  main 
flues,  while  not  a  panacea  for  all  smoke  troubles,  are  ef- 
fective in  reducing  the  evil  below  the  level  of  a  nuisance. 
'I'hey  are  not  complicated,  their  operation  usually  con- 
sisting essentially  of  passing  the  smoke  and  gases  through 
a  water  spray,  after  the  manner  of  flic  scrubber  of  a 
producer-gas  plant  or  the  air  wnshers  of  some  ventilating 
systems. 

These  arresters  require  so  much  water  that  usually  they 
ore  not  found  in  ])lants  not  adjacent  to  a  source  of  cheap 


water  supply.  Unlike  most  apparatus,  however,  they  do 
not  require  clear,  clean  water,  and  it  is  easily  possible  to 
return  the  water  to  the  arrester  after  it  has  been  separated 
from  mo.st  of  the  combustion  products.  Possibly  there 
is  a  serious  objection  to  doing  this.  The  sulphur  dioxide 
formed  during  the  combustion  of  the  coal  forms  sul- 
phurous acid  when  it  unites  with  water.  This  acid  is  in- 
jurious to  metals  and  when  oxidized  to  sulphuric  acid  be- 
comes more  so.  It  may  be,  therefore,  that  this  returned 
water  would  soon  become  such  a  corrosive  agent  as  to  be 
unfit  for  such  use. 

Much  has  been  done  of  late  years  to  design  and  con- 
struct boiler  furnaces  that  will,  with  ordinary  care,  quite 
thoroughly  combust  fuels  and  thus  keep  down  to  a  mini- 
mum the  production  of  smoke.  Cheap  coals  will  be  used, 
esi)ecially  by  big  consumers,  who  are  the  ones  to  violate 
smoke  ordinances  most  frequently.  It  is  sometimes 
cheaper  to  pay  the  occasional  fines  imposed  by  the  smoke 
inspection  department  than  not  to  attempt  to  find  means 
of  burning  a  cheap  and  low-grade  coal  without  more 
smoke  and  cinder  than  is  allowed  by  the  inspection  de- 
partment. 

Usually  cinder  arresters  are  the  only  apparatus  that 
make  this  commercially  possible.  If,  therefore,  a  plant 
is  in  the  congested  part  of  the  city  and  considerably  dis- 
tant from  the  ocean,  lake  or  river  front,  and  such  a  plant 
is  a  large  consumer  of  coal  and  an  old  offender  of  the 
smoke  ordinances,  the  city  might  find  it  expedient  to  sup- 
ply water  to  the  cinder  arresters,  through  a  separate 
meter  and  at  a  reduced  rate. 

Boiler  Inspection   in  England 

The  annual  report  of  the  management  of  the  Man- 
chester Steam  Users  Association  for  1918  has  just  re- 
cently been  issued  and  noted  in  Power  of  June  10.  The 
association  is  the  first  of  its  kind.  It  was  founded  by  the 
late  William  Fairbairn  in  1854,  and  the  number  of  boil- 
ers under  its  supervision  is  10,051  at  4564  works.  The 
average  income  per  boiler  is  about  ten  dollars  and  consid- 
erably over  ninety  per  cent,  of  the  boilers  receive  full  ex- 
amination throughout  every  year.  The  association  con- 
ducts its  affairs  in  lines  very  different  from  the  insurance 
companies.  It  does  not  insure  boilers,  but  inspects,  reports 
and  advises.  .  If  the  owner  follows  advice  uj)  to  a  suffi- 
cient degree  of  comjiliance  the  association  backs  its  in- 
spection with  a  pecuniary  guarantee  of  $5000  to  $10,000, 
thus  indorsing  its  inspeclion  and  oiTering  to  fine  itself 
should  a  guaranteed  boiler  fail. 

If  advice  is  not  w(>ll  followed  the  association  does  not 
reject  the  boiler.  So  long  as  the  fee  is  paid  the  inspec- 
tions are  made  and  the  advice  is  hammered  in,  but  the 
guarantee  is  withheld.  When  a  boiler  ex])losion  was 
( lasscd  as  among  "the  acts  of  God  and  the  king's  enemies" 
the  withholding  of  the  guarantee  did  not  trouble  .some 
lioiler  owners  very  much.  But  today  boilers  cannot  ex- 
plode without  an  inquiry.     And  it  is  not  even  neces.sary 
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that  am'one  should  be  either  hurt  or  killed.  The  in- 
quirv  follows  just  the  same,  though  a  fatality  is  apt  to 
intensify  the  inquisition. 

A  boiler-explosion  inquiry  is  usually  a  silly  affair  eon- 
ducted  perhaps  by  a  man  of  no  technical  knowledge,  who 
listens  patiently  to  wigged  barristers,  who  often  do  not 
know  a  riyet  from  a  firehoe.  But  a  considerable  degree 
of  publicity  obtains  and  it  comes  to  the  surface  if  the 
owner  lias  neglected  the  warnings  giyen  him  by  the  in- 
spection or  insurance  companies,  and  those  who  are  re- 
sponsible are  charged  to  pay  part  of  the  costs  of  the  in- 
quiry and  may  even  be  indicted  for  manslaughter. 

This  and  the  thoroughness  of  boiler  inspection  may 
partly  account  for  the  high  degree  of  safety  secured,  for 
only  nine  persons  were  killed  by  actual  boiler  explosions 
in  1913  and  twenty-five  were  killed  by  steam  pipes,  kiers 
and  sundry  other  explosions,  whereas  twenty  persons 
were  killed  in  October  alone  in  the  United  States. 

There  cannot  now  be  many  boilers  in  Great  Britain, 
which  have  not  the  rank  of  modern,  for  steel  plates  and 
drilled  rivet  holes  after  bending  have  been  in  vogue  over 
30  years,  and  the  age  of  a  boiler  is  rated  at  25  years.  The 
rise  of  pressures  has  helj)ed  to  put  most  elderly  boilers 
out  of  commission. 

Whereas  the  methods  of  the  association  have  set  the 
tone  in  boiler-inspection  work  generally,  yet  the  guarantee 
as  opposed  to  insurance  has  not  made  much  headway. 
The  insurance  companies  carry  on  their  books  many  times 
the  number  of  boilers  carried  by  the  associations  and 
have  done  good  work,  though  occasionally  they  have 
lapsed  somewhat  for  the  sake  of  retaining  business.  Boiler 
owners  have  been  prone  to  balk  under  the  pressure 
brought  to  bear  on  them,  and  to  retain  their  business  too 
much  leniency  has  been  shown  them  in  the  way  of  ex- 
cessive delays  in  canceling  policies  where  recommenda- 
tions are  not  followed.  With  the  association  there  is  no 
cancellation  of  policy,  but  simply  a  delay  in  giving  the 
guarantee  until  the  boiler  and  all  its  appurtenances  are 
judged  satisfactorily. 

In  the  past  the  insurance  companies  through  the  com- 
petitive dickering  which  went  on  were  exposed  to  condi- 
tions far  from  desirable.  There  is  perhaps  less  of  this 
now  to  contend  with  for  it  has  ceased  to  be  safe  to  take 
business  on  the  basis  of  insufficient  inspection  or  lenient 
rules  of  safety. 

American  coroners  might  well  gain  a  few  pointers  from 
the  above  procedure.  It  is  far  from  right  to  blame  the 
dead  engineer  or  fireman  for  an  explosion  for  which  the 
owner  may  be  directly  responsible.  A  few  indictments  at 
the  right  time  and  against  some  of  the  men  higher  tip 
would  have  a  desirable  effect  in  tending  to  reduce  the  an- 
nual number  of  boiler  explosions. 

Unjust    Criticism    of  Boiler  Inspectors 

Once  in  a  great  while  we  receive  letters  from  dis- 
gruntled engineers,  criticizing  the  work  of  boiler  in- 
spectors. Usually  such  letters  are  vehement  and  explosive 
in  their  condemnation  of  all  boiler  inspectors  in  general. 
If  such  communications  were  received  frequently  there 
would  be  reason  to  believe  that  the  conditions  they  por- 
trayed were  actual. 

The  insurance  boiler  inspector  is  selected  with  great 
care.  He  must  be  not  only  a  man  who  knows  boiler-in- 
spection work,  but  one  who  realizes  that  much  depends 


on  the  thoroughness  with  which  he  performs  his  duties. 
Companies  insuring  boilers  select. their  inspectors  from 
among  trained  inspectors,  foremen  of  boiler  shops  and 
from  among  high-class  steam  engineers. 

It  would  indeed  be  difficult  for  an  incompetent  man  to 
become  an  inspector.  If  he  did  get  the  job  he  would  find 
it  more  difficult  to  hold  it  than  he  did  to  get  it.  Oc- 
casionally one  is  found  who  is  negligent  and  lie  is  prompt- 
ly discharged  when  his  company  learns  of  it. 

The  number  of  inspections  and  visits  made  in  a  year 
in  any  particular  locality  depends  on  the  law  governing 
inspection  in  that  locality.  Where  no  state  or  municijjal 
laws  exist  or  where  they  are  lamely  enforced  the  number 
of  inspections  and  visits  is  usually  greater  than  where 
inspection  laws  are  strictly  enforced. 

Usually,  in  any  locality  there  are  at  least  two  inspec- 
tions, one  internal  and  one  external,  and  the  inspector 
visits  a  plant  about  four  times  a  year. 

Some  engineers — the  ones  who  write  letters,  such  as 
referred  to  above — believe  that  the  inspector  should  in- 
spect the  boilers  every  time  he  calls.  They  do  not  know 
that  he  calls  to  survey  the  morale  of  the  force  and  the 
general  condition  of  the  plant.  Consequently  when  they 
see  him  walk  out  without  having  crawled  into  the  boilers 
they  condemn  him  for  performing  perfunctory  service. 

Engineers  who  believe  that  the  boilers  under  their 
charge  are  not  being  properly  inspected  should  communi- 
cate with  the  insurance  companies  to  adjust  matters  be- 
fore they  unjustly  condemn  the  boiler  inspectors.  Gladly 
will  we  expose  inspectors  guilty  of  serious  negligence  or 
incompetence  when  specific  evidence  is  furnished,  but  it 
would  be  obviously  unfair  to  censure  the  whole  profes- 
sion on  account  of  the  shortcomings  of  a  very  few. 

Uplift  the  Boiler  Room 

It  is  rather  remarkable  that  so  little  attention  is  given 
by  designers  of  average  steam  plants  to  introducing  de- 
vices for  removing  ashes,  which  (U'dinarily  is  one  of  the 
most  disagreeable  and  laborious  tasks  in  the  boiler  room. 
While  some  attention  is  generally  given  to  convenient 
handling  of  fuel,  it  is  the  rule  rather  than  the  exception 
that  accumulations  in  boiler  ashpits  are  permitted  to  be 
the  source  of  most  of  the  grime  and  dust  that  go  to  make 
the  contrast  in  cleanliness  between  boiler  plants  and  well 
kept  engine  rooms. 

Progressive  employers  are  not  slow  to  recognize  that 
lightening  labor  and  improving  the  appearance  of  sur- 
roundings redound  to  their  profit  as  well  as  the  benefit 
of  their  employees,  though  suggestions  of  such  improve- 
ments naturally  must  have  their  origin  in  the  employee, 
and  he  will  generally  find  those  propositions  most  readily 
acceptable  to  his  employer  which  promise  a  saving  of 
money.  No  operating  engineer  or  fireman  need  hesitate 
to  recommend  improvements  that  are  money  savers,  but 
before  proposing  the  installation  of  anything  which  is 
generally  neglected  he  should  be  prepared  to  make  its 
economic  advantages  clearly  evident  to  the  investor. 

Any  fireman  or  engineer  who  is  tired  of  the  old  way 
of  removing  ashes  from  his  boiler  room  should  investi- 
gate every  available  mechanical  means  for  doing  the  work. 
Then,  obtaining  estimates  of  co.st  of  installation  of  the 
proper  api)liances,  he  can  approach  his  employer  with  a 
money-saving  proposition. 
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Hot  Piers   Prevent  Smoke 

Tliis  plant  is  located  in  the  heart  of  the  retail  district, 
and  is  surrounded  by  business  blocks,  some  of  which  are 
several  stories  higher  than  the  one  in  which  this  plant 
is  located;  hence  our  trouble.  Every  time  any  smoke 
comes  out  of  our  stack  our  neighbors  who  have  more  time 
than  business  on  their  hands  call  up  the  city  hall  and 
register  a  kick  about  our  stack.  You  all  know  that  means 
trouble.  We  have  3()0-hp.  Ileine-type  boilers,  but  only  use 
one  at  a  time.  Our  stack  is  48x48  in.  at  the  top  and  160 
ft.  high.  The  draft  over  the  fire  is  ^Vioo  iii-;  which,  for 
the  size  of  the  boilers,  is  very  low.  We  removed  12  in. 
of  the  lower  baffle  and  the  same  amount  of  the  top  one 
(the  baffles  are  horizontal).  The  reason  for  removing  a 
part  of  the  baffle  is  to  increase  the  draft,  which  we  did  to 
^Vioo  in-  ^^6  then  put  three  brick  piers  in  the  fur- 
nace, being  careful  to  have  the  space  around  them  larger 
than  the  throat  opening  into  the  breeching.  We  have  had 
no  complaints  since. 

The  function  of  these  piers  is  to  retard  the  flow  of  the 
gases  and  give  them  a  rolling  or  whirling  motion ;  they 
also  serve  to  help  burn  the  carbon  carried  off  with  the 
gases,  as  they  are  heated  to  a  very  high  temperature.  Two 
of  the  piers  are  set  on  the  bridge-wall  and  are  18x24  in., 
and  extend  up  w^ithin  1  in.  of  the  tubes.  The  front  pier 
is  24x24  in.,  and  sets  22  in.  ahead  of  the  bridge-wall  di- 
rectly in  front  of  the  other  two.  With  our  type  of  stoker 
(sloping  side  grate)  there  is  now  no  straight  passage  for 
the  gases,  and  as  they  come  in  contact  with  the  hot  piers 
they  are  given  a  whirling  motion  and  are  also  retarded  a 
sufficient  length  of  time  to  allow  all,  or  nearly  all,  the 
carbon  to  be  consumed.  We  also  increased  our  eva]iora- 
tion  about  liy^  lb. 

0.    N.    POIIEKOY. 

Lakewood,  Ohio. 

Worm-Gear   Lubrication 

There  is  a  tendency  to  regard  a  worm  gear  as  a  suitable 
case  for  lubrication  with  thick,  viscous  oil,  but  in  one  in- 
stance the  opposite  was  the  case.  A  feed  pump  was  driven 
by  an  electri<;  motor  through  a  worm  and  wheel ;  although 
the  worm  box  was  filled  with  a  thick  oil,  after  running 
for  some  time,  the  exterior  of  the  easing  about  the  thrust 
bearing  became  very  hot,  although  the  thrust  was  also 
inmersed  in  oil. 

While  watching  carefully,  with  a  view  to  stopping  the 
pump  because  of  this  heat,  the  casing  became  cool  with 
almost  startling  rapidity.  The  heat  had  rendered  the  oil 
limpid  and  enabled  it,  presumably,  to  circulate  better 
under  the  influence  of  the  worm  rotation  and  to  flow  not 
only  more  freely  to  the  thr\ist  bearing,  but  to  work  into 
both  worm  gear  and  thrust  flanges.  Thus  the  limpid 
oil  better  performed  the  duty  of  red\icing  friction  than 
the  thick  oil. 

In  Lancashire  cotton-mill  practice  the  bearings  of  the 
rope-pulley  shafts  are  supplied  with  a  continuous  flow  of 


oil  forced  by  centrifugal  pumps.  All  these  l)earings  are 
piped  back  to  returns  and  the  oil  is  filtered  on  its  way 
back  to  the  pump. 

Can  it  be  shown  microscopically  or  by  friction  tests 
that  such  oil  is  any  worse  for  a  thousand  passes  through 
a  loaded  journal  so  long  as  the  metallic  or  other  impuri- 
ties are  filtered  out  ?  Oil  is,  when  organic  in  origin,  pre- 
sumably built  up  of  organic  cells.  If  this  is  so,  it  is  pos- 
sible that  its  texture  may  be  injured  by  heavy  pressure 
on  thin  films.  It  does  not  seem  possible  to  in  any  way 
injure  the  texture  or  nature  of  water  having  no  organic 
structure.  Unless  overheated,  oil  has  been  regarded  as 
equally  nondamageable,  except  by  absorption  of  oxygen. 
Is  there  not  room  for  doubt  on  the  subject,  or  has  oil 
been  so  tested  that  it  may  be  considered  stable  under 
stress  ? 

WiLLi.vM  II.  Booth. 

London,  England. 


One  of  Many 

One  of  the  constantly  occurring  instances  of  old  boilers 
being  used  under  criminally  dangerous  conditions  recent- 
ly came  to  my  notice.  I  was  staying  at  one  of  the  few 
hotels  of  which  the  town  boasted.  While  in  conversation 
with  the  porter  he  remarked  upon  the  antiquity  of  the 
boiler  used  for  heating  the  place.  Being  interested  in 
steam  plants  of  any  kind,  I  persuaded  him  to  let  me  have 
a  look  at  the  "plant." 

I  found  a  roaring  fire  underneath  a  boiler,  which  on 
looking  at  the  gage-glass  and  trying  the  cocks,  proved 
practically  empty  of  water.  The  fire  was  innnediately 
drawn.  Investigation  afterward  showed  that  one  of  the 
return  pipes  of  the  heating  .system  had  frozen  during  a 
cold  snap,  and  on  the  return  of  mild  weather  one  of  the 
pijies  had  burst,  letting  all  the  water  out  of  the  system. 

The  porter  being  new  on  the  job,  su])posed  that  the 
lioiler  was  under  city  pressure  all  the  time,  ami  that  the 
water  level  was  automatically  maintained.  lie,  there- 
fore, had  not  touched  the  feed  valve  since  his  arrival 
about  a  week  previous. 

The  boiler  was  48  in.  by  12  ft.  and  about  30  years  old, 
and  in  that  time  had  never  to  anyone's  ktunvledge  been 
cleaned.  Imagine  the  amount  of  scale  which  would  ac- 
cumulate in  that  time  with  the  use  of  city  water  remark- 
able for  its  hardiiess.  Not  only  was  the  location  of  the 
safety  valve  unknown  to  the  ])resent  owner,  but  he  con- 
fessed ignorance  as  to  its  ])ur])osc.  All  the  cocks  and  con- 
nections were  leaky  and  most  of  the  valves  and  cocks 
were  minus  bandwheels,  for  which  gas  pliers  served  as  a 
substitute.  The  steam  gage  was  merely  an  ornament 
for  I  am  confident  that  it  had  not  moved  from  the  zero 
mark  in  years. 

If  the  boiler  does  not  blow  up  in  the  mean  time,  a  mod- 
ern heating  system  will  lie  installed  this  summer. 

R.  K.  Drui.AND. 

Toronto,  Ont.,  Canada. 
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Increases  Feed  Water  Temperature 

In  a  plant  in  which  I  was  employed  recently,  the  valve 
A  was  an  ordinary  globe  valve.  At  that  time,  the  ex- 
haust from  the  main  engines  was  run  as  follows :  Valve 
D  open,  valves  C  and  E  closed,  the  steam  going  direct 
to  the  condenser.  The  auxiliary  exhaust  led  through  the 
heater  and  a  bypass  valve  A  to  the  atmosphere.  With  this 
arrangement,  the  feed-water  temperature  averaged  196 
deg.,  which  average  we  decided  we  could  improve,  and 
we  made  the  following  alterations : 

The  locknut  on  the  inside  end  of  the  thread  bushing 
in  the  yoke  of  the  valve  A  was  removed,  thus  allowing  the 
valve  to  be  operated  without  turning  the  stem,  the  thread 


Exhausf-fo  Aimospfiere 


Steam  Gages  Inaccurate,  Due  to 
Plugged  Pipe 

In  getting  up  steam  one  Sunday  after  cleaning  the 
boiler,  the  engineer  was  surprised  to  hear  the  safety  valve 
blow  when  the  two  steam  gages  showed  only  35  lb.  pres- 
sure with  the  valve  set  to  blow  at  120  lb.  The  valve 
closed  as  usual  in  a  short  time  only  to  reopen  when  the 
gages  indicated  about  50  lb.  pressure.  It  continued  to  act 
in  this  manner  until  the  gages  showed  120  lb.,  when 
everything  went  along  as  U'Sual.  The  gages  and  safety 
valve  were  closely  watched  the  rest  of  the  week,  but 
showed  no  signs  of  giving  trouble.     The  following  Sun- 
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Main  Engines 
Engine  Roorn  Floor 
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Piping  to  Heater.  Condenser  and  the  Atmosphere 


bushing  working  hack  and  forth  in  the  yoke.  All  but  one 
turn  of  the  valve-stem  packing  was  removed ;  a  lever  and 
weight  were  fitted,  as  shown,  and  a  hole  drilled  and 
tapped  in  the  valve  bonnet,  and  a  drain  F  connected  to 
carry  away  the  water  that  collected.  Provision  was  made 
to  obtain  a  higher  back  jiressure  than  usual  before  open- 
ing. A  steam  gage  was  connected,  as  shown,  and  the 
drains  from  the  heater  and  e.xhaust  lines  led  to  a  trap 
sunk  in  the  floor  of  the  pit.  The  weight  was  adjusted 
until  7  lb.  back  pressure  opened  the  valve  A.  With  this 
arrangement,  we  obtained  an  average  feed-water  tempera- 
ture of  206  deg.,  the  temperature  rising  at  times  to  224 
<\Gg.  The  temperature  was  taken  hourly  and  averaged  for 
the  24  hours. 

Henry  C.  Briggs. 
Jersey  City,  X.  J. 

[The  pressure  corresponding  to  a  temperature  of  224 
deg.  F.  is  18.56  lb.  abs.,  or  3.86  lb.  gage;  Marks  &  Davis 
Tables. — Editor.] 


day  the  valve  was  removed  and  taken  apart,  but  every- 
thing seemed  to  be  in  good  order.  On  getting  up  steam 
again  the  safety  valve  commenced  to  blow  at  about  35  lb. 
pressure  as  before  and  continued  to  blow  at  about  every 
15  lb.  increase  until  120  was  indicated  by  the  gages.  It 
was  then  decided  that  the  springs  were  at  fault  and  new 
ones  were  ordered  and  put  in  place.  The  new  springs 
did  not  remedy  the  trouble,  so  the  boiler  inspector  was 
called  in. 

He  examined  the  valve  and  tested  the  gages  and  found 
them  correct.  The  boiler  was  tired  up  again  and  acted 
as  it  had  before.  The  test  gage  was  then  applied  to  a 
V2-in.  pipe  on  top  of  the  boiler  and  registered  120  lb. 
while  the  other  gages  only  showed  about  75  lb.  This  gave 
a  clue  to  the  cause  of  the  trouble,  which  was  found  to  be 
in  the  ^-in.  pipe  to  which  the  gages  were  connected.  One 
gage  was  located  above  the  water  column  while  the  other 
one  was  at  the  side  of  the  boiler  wall,  both  being  at- 
tached to  pipes  leading  from  a  tee  connected  by  a  short 
nipple  to  the  top  of  the  water  column.    This  nipple  had 
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been  cut  with  a  three-wheel  pipe  cutter  and  put  in  place 
without  having  had  the  burr  removed  from  the  inside 
of  the  pipe.  This  had  reduced  the  opening  about  one- 
half,  which  gradually  closed  up  until  the  gages  could  not 
record  the  pressure  as  fast  as  it  increased  in  the  boiler. 

The  pipe  was  replaced  with  new  pipe  reamed  out  to 
full  size  at  the  ends  and  the  gages  and  the  valve  gave 
no  further  trouble. 

Fj.  E.  Sidixgeu. 

Salem,  Ohio. 

[Such  experiences  as  the  above  serve  to  indicate  the  im- 
portance of  keeping  a  strict  check  on  one's  gages  and 
safety  valves.  It  is  a  serious  situation  when  a  boiler 
has  full  pressure  on  it  before  the  gages  show  it,  even  if 
it  is  equipped  with  a  safety  \alve. — Editor.] 

Makes  Internal  Feed  Pipe 

I  had  been  considering  the  varioiis  arrangements  of 
internal  feed  pipes  to  fit  to  my  boiler,  and  I  was  aware 
that  there  were  some  objections  to  the  use  of  a  pipe  de- 
livering water  into  the  steam  space  through  perforations. 
The  holes  have  to  be  large  to  provide  against  being 
blocked  by  sediment,  etc..  or  the  possibility  of  rupture  by 
water-hammer. 

For  those  reasons  1  decided  to  use  a  spring-loaded  re- 
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INTERNAL  Fi:i;d  I'II'K 

lief  valve  on  such  a  pipe.  My  experience  with  the  check 
valve  showed  that  more  pressure  was  necessary  on  the  in- 
ternal pipe  to  spray  the  water  and  this  led  to  my  concep- 
tion of  the  arrangement  shown  in  the  sketch,  which  is  a 
mitred  valve  with  a  wide  seat.  The  spring  used  is  an  or- 
dinary spiral  one.  This  valve  could  be  made  in  com- 
mercial sizes  to  screw  onto  any  black-iron  pipe.  The  idea 
i.s  to  maintain  a  pressure  on  tiic  water  to  the  point  of  de- 
livery which  would  have  the  effect  of  delivering  the  feed 
into  the  steam  space  in  the  form  of  an  uniljrella  spray.  A 
thin  film  of  water  absorbs  tbc  heat  of  the  steam  befoi'c 
<'oniiiig  in  contact  with  the  water  surface,  tliercby  enliMiu- 
ing  the  circulation. 

(i.  P.  Mkllioan. 
Lvva.  Fiji   Tslaiids. 

Engineering    in    the    Mining    Country 

About  two  years  ago,  having  tired  of  the  engine  room, 
I  decided  to  take  a  six  months'  raml)lc  tlirougii  the  moun- 
tains  of   Nevada    Countv   and    Sierra   County,   and    ran 


across  several  mines  and  numberless  "prospect  holes."  The 
plants  at  two  of  these  were  about  the  worst  examples  of 
engineering  that  I  have  seen  for  some  time. 

The  first  was  located  on  Deer  Creek,  the  hills  on  either 
side  being  about  400  ft.  high.  A  tunnel  was  driven 
through  the  hill  about  300  ft.  above  the  mine  and  by 
means  of  a  ditch  and  flume  about  10  miles  long,  water 
was  obtained  for  an  undershot  wheel  connected  direct  to 
an  air  compressor;  this,  in  turn,  was  the  means  of  oi3- 
crating  the  hoist  and  also  the  drilling  machines  and 
pumps  below  ground.  When  I  arrived  they  were  just 
about  ready  to  start  up,  and  the  next  morning  a  man 
was  sent  up  to  open  the  gate  at  the  tunnel. 

All  went  well  when  starting,  but  after  running  about 
two  hours  they  shut  down  to  fix  some  leaks  in  the  pipes. 
When  starting  up  the  second  time  with  100  lb.  in  the 
receiver  the  compressor  refused  to  start  and  the  man  at 
the  wheel  of  the  gate  kept  opening  up  imtil  the  stream 
from  the  nozzle  was  strong  enough  to  overcome  the  oppos- 
ing force.  I  told  the  superintendent  that  what  was  needed 
was  a  connection  whereby  they  could  start  the  compressor 
against  atmospheric  pressure,  instead  of  100  lb.  He  re- 
plied that  the  man  who  had  installed  the  plant  had  made 
a  business  of  that  kind  of  work  for  the  past  five  _vears,  and 
if  he  did  not  know  how  to  set  up  a  compressor  he  guessed 
no  one  did. 

Later  I  learned  that  in  starting  up  against  100  lb. 
pressure  the  waterwheel  had  gone  to  pieces,  wrecking  the 
compressor  and  depositing  part  of  the  remains  on  the 
other  side  of  the  creek. 

About  a  month  later  I  came  across  a  small  mine  almost 
hidden  in  the  timber.  The  hoist  was  of  the  vertical  sin- 
gle-cylinder friction-drive  type  and  with  the  exception  of 
the  engine  was  home-made.  I  believe  the  drum  had  been 
made  out  of  the  spool  that  the  hoisting  cable  came  on.  An 
ordinary  globe  valve  served  as  a  throttle,  and  this  was  in 
such  a  position  that  the  brake  and  clutch  levers  could  not 
be  reached  from  the  throttle. 

As  I  entered,  the  engineer  had  just  received  a  signal 
to  hoist.  He  got  the  engine  up  to  a  fair  speed,  then  threw 
in  the  clutch  and  released  the  brake  and  jumped  for  the 
throttle,  gave  the  engine  more  steam,  then  dropped  down 
and  helped  on  the  flywheel  until  the  speed  picked  up  a 
little.  He  had  to  hoist  a  car  about  every  30  min.,  and 
while  he  was  sharpening  some  drills  in  the  blacksmith 
shop  later  on,  he  told  me  that  on  the  first  day  (he  had 
been  there  three  days)  he  had  experienced  trouble  sev- 
eral times  when  he  failed  to  get  to  the  throttle  before  the 
engine  stopped  and  had  to  jump  back  and  apply  tiie 
l)rake,  as  the  car  had  been  raised  several  feet  and  if 
allowed  to  drop  back  might  crush  someone. 

He  said  he  always  wondered  when  he  received  the  sig- 
nal if  he  would  be  ai)le  to  get  the  men  to  the  surface 
without  the  hoist  going  to  pieces. 

This  hoist  was  what  might  be  called  a  "first  motion" 
or  direct  hoist  as  the  drum  shaft  was  direct  connected  to 
the  engine  crankshaft,  the  engine  was  not  reversible,  but 
the  drum  was  free  to  revolve  on  its  shaft.  For  the  bene- 
fit of  readers  in  California  and  particularly  Xcvada 
County,  I  might  say  that  if  they  wish  to  look  at  this 
lioist,  as  a  matter  of  curiosity,  it  is  located  about  bail'  way 
between  Grass  Valley  and  the  little  mining  camp  of 
Rough  &  Ready,  on  the  right-hand  side  of  the  trail. 

J.  TI.  Sriiin'Tox. 

Ijos  Angeles,  Calif. 
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Removing  Scale  from  Piping 

Perhaps  the  method  I  have  used  to  remove  scale  from 
oil-cooling  coils  and  cooling  jackets  may  be  of  interest 
to  Mr.  Hyde  who  asks  for  suggestions  in  the  May  13  is- 
sue. The  coils  had  become  inefficient  and  a  solution  of 
one-half  muriatic  acid  and  one-half  ■water  was  poured  into 
each  coil.  It  took  several  gallons.  The  coils  being  made 
of  copper,  the  solution  was  left  in  the  coil  only  two  hours, 
and  was  then  washed  out  with  clean  water.  Two  appli- 
cations restored  the  coils  to  their  original  efficiency. 

A  solution  of  the  same  strength  was  applied  to  the 
jacket  of  a  large  dry-air  pump  with  equally  good  re- 
sults, the  solution  in  this  case  being  left  in  the  jacket  for 
a  period  of  six  hours. 

John  F.  Hurst. 

Louisville,  Ky. 

Horner  Method   of  Extracting  Roots 

It  occurred  to  me  while  going  through  the  cube-root 
lesson  in  the  Engineers'  Study  Course  that  it  would  be 


Col.  1  Col.  2 

ll8Xa=64  Xo  = 

I  _8 

16       X  a  =  128 
a     S  192       =  (t.d.) 

24 
6  _7 

247     X  6  =    ^29 
b  _J7  20929  =  (c.d.)  X  6 

254     X  (>  =     1778 
b 7  22707  =  (t.d.) 

261 

2615  X  r  =        13075 


abc 

#'  669  921  875  (  875  =  root 


Col.  1 
a    2 


Col.  2 
X  a  =     4 

X  a  =  _8 
12 

X  a  =  12 
24 

X  a  =   16 


(c.d.)  X  c  = 
Col.  3 


X  a  =  24 
32 

X  a  =  48 
80 


Col.  4 
X  o  =  16 


=  (t.d.) 


a  _2  40 

10 

Annex  b      0 

100     X  6  =       00 

Annex  c  1  4000       X  h  =       000 

1001  X  c  =       1001  80000 

401001  X  c  =       401001 


0000 
800000 


80401001  X  c  =   80401001 

8080401001  =  (c.d.)  X  c 


of  interest  to  show  how  roots  may  be  extracted  by  the 
Horner  method  given  below. 

In  general,  the  given  number  is  divided  into  periods 
(starting  from  the  decimal  point)  each  containing  as 
many  figures  as  there  are  units  in  the  exponent. 

At  the  left  of  the  number,  columns  are  arranged  one 
less  in  number  than  the  exponent.  They  may  be  numbered 
1,  2,  . .  .   (;?  —  1),  from  left  to  right.    The  fir,st  figure  in 


the  root  (a)  is  found  as  usual,  and  its  first  power  (a^)  is 
written  at  the  top  at  col.  1;  its  second  power  (a-)  in 
col.  2,  etc. ;  so  that  its  «"'  power  (when  exponent  =  n) 
is  written  under  the  first  period.  Subtract  and  bring 
down  the  next  period  for  the  new  dividend.  Go  back  to 
col.  1,  add  a^  to  ft%  multiply  the  sum  by  a,  add  the  product 
to  a-  in  col.  2 ;  multiply  the  sum  by  a  and  carry  to  the 
next  col.,  stopping  at  the  last  col.  or  col.  (n  —  1).  This 
sum  is  the  trial  divisor  (f.d.).  the  tliird  number  in  col- 
umn 2. 

Repeat  this  process,  stopping  each  time  one  column  to 
the  left,  until  the  sum  falls  in  the  first  column.  This 
sum  will  be  (an). 

The  partial  dividend  (p.d.)  is  the  remainder,  witli  the 
first  figure  only  of  the  annexed  period.     Then 


t.d. 


—  b  =  second  figure  in  the  root 


The  complete  divisor  {c.d.)  is  found  by  annexing  h 
to  the  sum  in  col.  1,  one  place  to  the  right,  multiplying 
this  by  h  and  adding  the  product  to  the  sum  in  col.  2,  two 
places  to  the  right,  multiplying  this  sum  by  h  and  adding 
to  the  sum  in  col.  3,  three  places  to  the  right,  etc.,  until 
it  stops  in  the  last  column  {n  —  1)  places  to  the  right. 
This  sum  is  the  complete  divisor  {c.d.).  Multiply  it  by  h 
and  subtract  it  from  the  complete  dividend   {c.d.). 

These  processes  for  finding  the  trial  and  complete 
divisors  are  repeated  until  the  root  is  found,  or  found  to 
as  many  decimal  places  as  desired.  The  last  figure  written 
in  the  root  at  any  one  time  is  the  only  figure  used  for  add- 
ing and  multiplying,  so  that  multiplying  from  one  col- 
um.n  to  another  is  done  without  the  necessity  of  setting 
down  the  figures. 

When  finding  imperfect  roots,  one  less  decimal  than 
those  already  found  can  be 
obtained  by  partial  division. 
For  each  decimal  so  ob- 
tained cross  out  {n  —  1) 
0  figures  from  the  right  end 
of  the  last  complete  divisor, 
and  {ii  —  2)  figures  from 
the  last  remainder,  using 
these  for  divisor  and  divi- 
,    °„„,        ,  dend    respectively.      This    is 

p.fl. 1001        p.d.  __,,  p  ,,  rj,. 

c,d., Td.  -  "^  -  1      true   tor   any   method.     The 

Horner     method     is     easily 
learned  and  very  convenient 

80804  01001  to  use. 

Porter  Stafford. 

Erie,  Penn. 

Pumping-Engine  Water-End  Diagrams 

Recently  I  took  the  accompanying  diagrams  (set  No.  1) 
and  in  looking  through  back  numbers  of  Power  for  dia- 
grams for  comparison  came  across  those  shown  by  John 
Burnes  in  the  Oct.  15  issue,  and  here  referred  to  as  set 
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Xo.  2.  Set  No.  1  was  taken  from  the  water  end  of  a 
vertical,  triple-expaiision  pumping  engine  24,  46,  70  and 
34  by  60  in.,  designed  to  pump  25,000,000  gal.  every  24 
hr.  against  a  head  of  140  ft.  at  25  r.p.m.  The  diagrams 
submitted  by  Mr.  Burnes,  or  set  No.  2,  were  taken  from 
a  vertical  triple-expansion,  pumping  engine,  28,  54  and 
80  by  60  in.  with  a  capacity  of  20,000,000  gal. 

In  comparing  them  I  can  find  but  two  points  in  com- 
mon, that  is,  the  great  increase  of  pressure  at  the  com- 
mencement of  the  discharge  stroke,  and  the  few  waves  or 


Due  to  the  incompreS^ibility  of  water  (0.000040  to 
0.000051  for  one  atmosphere,  decreasing  with  increa.se  of 
temperature.  Kent,  page  551),  any  deviation  from  a  uni- 
form discharge  pressure  must  work  to  the  detriment  of 
those  parts  that  resist  the  shock,  thereby  necessitating 
more  frequent  keying  up  and  more  careful  attention  to  all 
bolted  connections  intermediate  to  the  steam  system  and 
pump  pressure. 

The  wavy  lines  at  the  commencement  of  the  suction 
stroke,  I  believe  to  be  less  preventable  in  the  case  of  set 
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FIG. 4 
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FIG.  1  Low  Pressure  Diagratt 


GO  lb.  Sprinq 

!7/?.p.m.    ^ 


FI6.Z  Intermediate  Pressure  Diagram 


eO  lb.  Sprinq 
£1  If.p.'m.    ^ 


FlO. 3  High  Pressure  Diagram    '""'V 
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pressure  fluctuations  at  the  beginiiin.i;  of  the  suction 
stroke. 

Mr.  Burnes  thinks  that  the  great  excess  of  pressure 
over  the  actual  pressure  in  the  water  main,  as  shown  in 
Ills  diagrams,  to  be  due  to  the  inertia  of  the  valves.  The 
pressure  was  due  to  inertia  offered  by  the  water,  pump 
valves,  valve  springs  and  the  indicator  spring. 

Tt  is  noticeable  that,  even  thougli  the  excess  presfsure 
is  iiigher  in  the  case  of  set  No.  1  than  it  is  in  set  No.  2, 
the  accordion  effect  is  not  nearly  so  pronounced.  I  think 
a  remedy  could  be  found  for  tiiis  in  carrying  plenty  of 
air  in  both  the  discharge-  and  suction-air  chambers.  Dur- 
ing the  time  of  taking  set  No.  1  water  was  not  allowed 
to  rise  more  than  6  in.  from  the  bottom  of  the  gage-glass, 
and  the  bottom  of  this  glass  is  about  8  in.  from  where  the 
air  chamber  tapers  to  enter  the  discharge  main. 


No.  1  than  in  set  No.  2,  although  the  pump,  through  a 
42-in.  suction  takes  water  from  a  well  supplied  by  a  9-ft. 
tunnel,  there  is  not  the  facility  for  keeping  the  suction 
head  from  varying  as  in  set  No.  2. 

The  irregularity  near  the  end  of  the  discharge  line  I 
never  saw  on  a  pump  before,  and  do  not  know  the  cause 
\inless  it  could  be  insufficient  air  chamber  capacity.  I 
could  just  as  readily  tell  at  what  per  cent,  of  stroke  cutoff 
takes  place  by  carefidly  watching  the  valve  positions  as 
I  could  tell  the  relative  position  of  any  two  cylinders  in 
passing  a  given  point.  Mr.  Burnes'  analyses  of  this  cause 
may  be  correct,  but  his  method  does  not  carry  conviction. 
The  following  method  of  determining  this  point  could, 
no  doubt,  be  improved  upon,  but  I  believe  for  practical 
purposes  it  is  sufficiently  accurate. 

The  length  of  the  diagram  represents  diagrammatically 
the  length  of  stroke  or  one-half  a  revolution,  twice  the 
length  of  diagram  is,  therefore,  a  total  revolution,  and  as 
in  this  case  the  engine  is  a  cross-compound  with  three 
cranks  set  at  120  deg.  apart,  each  crank  will  pass  a  given 
point  120  deg.  ahead  of  the  following  one.  By  taking  a 
narrow  strip  of  pa]ier.  Fig.  4,  twice  as  long  as  the  mean 
length  of  the  indicator  diagram  a  close  a]>proximation  of 
a  complete  revolution  is  obtained.  Consider  this  Fig. 
4  as  re]iresenting  .^60  deg.  and  point  .1  as  the  commence- 
ment of  the  stroke  of  any  one  cylinder,  tlic  position  of  the 
other  two  cylinders  will  be 

of  the  total  length  of  the  strip  measured  from  point  .1. 

Starting  with  the  high-pressure  diagram,  place  point  .1 
of  tlie  strip  on  the  line  on  the  card  indicating  the  com- 
mencement of  the  discharge  stroke,  and  by  repeating  the 
same  operation  for  the  intermediate  ])ressuro  and  the  low- 
])ressure  cylinders  against  the  lines  marked  120  and  2  to 
dog.,  the  points  where  these  diagrams  or  one  part  of  the 
stroke  overlaps  the  other  is  readily  determined. 

Chicago.  Til.  James  W.  Be.\ttv. 

fCrosshead  and  craids'  travel  are  not  constantly  jiroiior- 
tional.  At  one-third  of  a  revolution  the  ])ist(in  would  not 
cover  exactly  two-thirds  of  its  stroke. — EsinoR.] 
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Slie  of  Safety  ValTe — Does  a  boiler  carrying  100  lb.  pres- 
sure  require  a  larger  safety  valve   than  one  carrying  25  lb.? 

F.   M. 

No,  not  so  large,  other  things  being  equal.  According  to 
the  best  modern  authorities,  the  area  of  a  safety  valve 
should  be  proportioned  directly  as  the  amoUnt  of  water  evap- 
orated by  the  boiler  and  inversely  as  the  pressure  which 
the   boiler    is    to   carry. 

Jam  Xuts — When  two  nuts  are  used  on  a  bolt,  one  a  jam 
nut  or  locli  nut  for  the  other,  if  one  nut  is  thicker  than  the 
other,    which    should    be   put    on    the   bolt    first. 

H.   S.   C. 

The  thick  nut  should  be  put  on  first,  for,  having  more 
threads,  it  can  be  drawn  up  tighter  with  less  danger  of 
stripping  the  threads,  and  on  account  of  its  greater  thick- 
ness it  can  be  easier  held  by  a  wrench  while  the  outside  nut 
is    turned. 


Cleunlns  Smoky  Burette — What  will  clean  a  dark,  smoky 
deposit  from  a  gas-analysis  burette? 

J.    W.    D. 

If  the  burette  is  discolored  with  an  oily  deposit  it  can  be 
cleaned  with  gasoline;  if  discolored  with  a  deposit  of  carbon, 
kerosene  should  remove  the  smoky  appearance.  If  the  glass 
has  been  discolored  while  hot,  it  may  be  difficult  to  remove 
tfie  stain  without  soaking  the  glassware  in  the  cleansing 
liquid  for  some  time,  occasionally  scrubbing  it  with  clean 
cotton  waste. 


Connectln);  Exhaust  Injector — What  is  the  best  way  to 
connect   an   exhaust  injector  to  a  boiler? 

P.  W. 

Take  the  steam  out  of  the  upper  side  of  the  engine  ex- 
haust pipe  at  a  point  where  it  will  be  as  dry  as  possible  and 
as  little  reduced  in  pressure  below  that  at  which  it  was  dis- 
charged from  the  engine  as  possible.  The  connection  should 
nevertheless  not  be  too  near  the  engine  because  the  pipe  be- 
tween should  be  long  enough  to  act  as  a  receiver  so  that  the 
injector  supply  maj-  be  fairly  steady.  The  connections  of  the 
injector  suction  pipe  and  the  discharge  to  the  boiler  should  be 
as  direct  as  possible,  with  few  ells  and  bends,  and  the  con- 
nection to  the  boiler  should  contain  a  check  and  a  stop  valve. 


Piston  Clearanee — How  may  the  piston  clearance  at  each 
end  of  a  cylinder  be  determined? 

R.    J.    B. 

The  engine  is  put  on  center  at  each  end  of  its  stroke  and 
a  mark  made  on  the  guides  registering  with  a  mark  on  the 
crosshead.  The  connecting-rod  is  then  disconnected  from 
the  crank  and  the  piston  moved  as  far  as  it  will  go  each  way, 
i.e.,  until  it  strikes  the  heads.  Marks  are  then  made  on  the 
guides  registering  with  the  first  mark  on  the  crosshead.  The 
distances  between  the  two  marks  on  the  guides  at  each  end 
of  the  crosshead  travel  show  the  linear  piston  clearance  at  the 
corresponding  cylinder  ends.  If  the  volume  of  clearance  is 
desired  the  piston  is  moved  first  to  one  end,  then  the  other  of 
its  stroke,  and  the  measured  amount  of  water  required  to 
fill  the  clearance  space  back  to  the  valve  seat  shows  the 
clearance  volume,  and  whether  or  not  it  is  equal  at  each  end 
of   the   stroke. 


Stay-bolt  Sizes — How  does  one  determine  the  size  of  stay- 
bolt  required  for  a  given  pressure  and  pitch? 

O..  W. 

If  the  pitch  of  the  stay-bolts  is  s,  in  inches,  the  area  sup- 
ported by  each  stay-bolt  is  s  X  s  and  the  pressure  P  = 
s  X  s  X  p,  "Where  p  is  the  pressure  in  pounds  per  square  inch. 
Knowing  the  total  pressure  P  on  each  stay-bolt  the  required 
area  of  cross-section  is  P  divided  by  the  allowable  load  per 
square  inch  on  the  stay-bolt.  The  threaded  part  of  the  bolt 
must  have  a  cross-sectional  area  at  the  root  of  the  thread 
not  less  than  the  above.  Prom  this  area,  a,  the  diameter  of 
the  required  bolt  d  is  found  from   the   formula 

If  the  bolt   has  12   threads  to   the  inch   the   diameter  over  the 
outside   of  the   thread  should  be 

D    =    d    -I-    0.1443, 


according  to  the  Massachusetts  boiler  rules.  By  the  same 
rules  the  allowable  load  per  square  inch  on  wroughl-iron  or 
mild-steel  stay-bolts  up  to  and  including  1^-in.  is  6500  lb., 
and   for   larger  bolts   7000   lb. 


Halving    Trapezoidal     .Vrea — In    a    trapezoidal      figure,   ■  di- 
mensioned  as    in    the    diagram,    where    should    a    perpendicular 


line   BE  be  drawn  so  that  the  areas  ABEDA  and   BCFEB  will 
be    equal? 

C.    J.    B. 
The  area  of  a  trapezoid  is  equal  to  half  the  product  of  the 
sum  of  the  bases  by  the  altitude  or  in  this  case 
(10  +   12)   X  144 


1584   sq.in. 


is   the  area  of  the   whole   figure. 
Let 

X  =  -Altitude  of  trapezoid  ABEDA 
y  =  Altitude  of  trapezoid  BCFEB 
AD   is  given  as   10   in. 
CF  as   12   in. 
Let  BE   =  a. 

Then  the  area  of  the  trapezoid  ABEDA  is 
(10   +  a)x 


and,  by  the  conditions  is  to  be  equal  to  the  trapezoid  BCFEB, 
or 

(10  +  a)x         (12  +  a)y 


(1) 


Since   both    together   equal    the  area   of   the   entire   figure,    1584 
sq.in., 

(10   +  a)x         (12   +  a)y 

+    =    1584  (2) 

2  2 

It  is  also  known  that 

X    +    y   =   144  13) 

With  the  three   equations   (1),    (2)    and    (3)    the  three  unknown 
quantities   can    be   determined,    but    in    this    case    only    x  and   y 
are  needed  so  a  may  be  eliminated. 
Equation    (1)    reduces   to 

(10    +    a)x   =    (12    +    a)y 
lOx  —  12y 


(4) 


Equation    (2)    reduces   to 

(10    +    a)x    +    (12    +    a)y    =   3168 
3168  —  lOx  —  12y 


Equating    (4)    and    (5) 

lOx  —  12y 


X    +   y 
316S  —  lOx —  12y 


y  —  X  X  +  y 

(lOx  —   12y)    (X    +    y)    =    (y  —  X)    (3168  —  lOx 
3168y    +    4xy    =    3168x 
3168x 


From  equation    (3) 
Then 


3168   +  4x 
144   —  X 


3168X 


144  —  X 


3168   + 
which    reduces   to 

x"    +    1440X    =    114.048 
Completing  the  square 

x^    +    1440X    +    (720)=   =    114.048    +     (720)=    =    632,448 

X    +    720    =  -/ 63274T8'   =    795.266 
X    =    75.266   in. 
and  from   equation    (3) 

y    =    144  —  75.266    =    68.734  in. 
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Making   a  Flue-Gas  Analysis — Part   II 

UXPACKIXC;  AXD  ASSEJIBLIXG  APPARATUS 

The  Orsat  apparatus  is  sliipped  kiiocked-down ;  that  is, 
the  glass  parts  are  taken  out  of  position  and  securely 
packed  so  as  to  avoid  breakage.  The  first  thing  to  do, 
then,  is  to  get  the  apparatus  properly  put  together  again. 


Fig.  1.  DiAGBAji  foi:  Assembling  Orsat 

11  you  purchase  an  Orsat-iluencke,  the  following  direc- 
tions will  serve  as  an  exact  g\iide.  If  you  happen  to  pur- 
chase some  other  type  these  directions  may  have  to  be 
modified  slightly,  but  the  modifications  will  be  self-evi- 
dent when  you  come  to  examine  the  parts.  The  directions 
I  will  give  for  preparing  the  chemicals  and  operating  the 
apparatus  can  be  followed  exactly  with  any  of  the  stand- 
ard types  of  Orsat. 

After  carefully  unpacking  the  box  in  which  the  ap- 
paratus is  shipped  and  making  sure  that  you  have  not 
missed  anything,  dust  off  the  cabinet  and  wash  the  glass 
parts  with  warm  water  and  soap,  rinsing  thoroughly  in 
clean  water  at  the  end.  Take  both  front  and  back  slides 
out  of  the  cabinet  and  place  it  before  you  so  that  the 
long,  narrow  compartment  is  at  the  right. 

Next,  put  the  header  A,  Fig.  1,  in  position,  first  mak- 
ing sure  that  the  five  rubber  connectors  B  are  in  place 
ready  to  make  tiie  connection  between  the  header  and  the 
other  parts.  The  header  is  hcbl  in  place  by  the  small 
wooden  latch  C j  be  sure  that  this  is  in  tlie  closed  posi- 
tion before  proceeding. 

The  next  step  is  to  fit  the  burette  or  measuring  cham- 
ber I)  into  position.  This  burette  is  provided  with  an 
outer  case  E.  of  glass,  for  the  purpose  of  preventing  er- 
ror due  to  change  in  the  temperature  of  the  air  in  the 
room  affecting  the  gas  in  the  burette.     The  space  between 


the  outside  case  and  the  burette  should  be  filled  with  clean 
water.  As  the  rubber  corks  F  both  contain  vent  holes, 
the  one  in  the  bottom  cork  will  have  to  be  plugged  up 
after  the  water  is  run  in.  See  that  the  white  side  of  the 
case  with  the  blue  stripe  down  the  middle  comes  on  the 
side  opposite  to  the  scale  marks  on  the  burette.  This 
white  and  blue  background  makes  it  easier  to  read  the 
water  level  in  the  burette  when  measuring. 

Having  the  casing  filled  with  water,  the  next  stej)  is 
to  connect  the  burette  with  the  header  at  the  top.  Put  the 
two  small  sliding  shelves  G  over  the  stems  H  and  H'  and 
fit  the  shelves  into  their  grooves.  This  will  hold  the  biir- 
ette  in  position  so  that  you  can  use  both  hands  for  slip- 
ping the  rubber  connector  over  the  stem.  Be  sure  that  the 
stem  is  moistened  with  water  as  this  will  make  the  rubber 
slide  much  more  easily.  Draw  the  top  shelf  out  a  little  so 


Fi(i.  2.   FitoxT   ViKw  or  .Vsskmblkp  .VppAifATi's 

that  the  stem  ddcs  ikiI  cdnic  directly  under  the  header 
end,  (hen  gently  work  the  rubber  i-onnector  over  the  stem 
until  it  fits  snugly  with  the  weight  of  the  burette  resting 
on  the  bottom  shelf.  This  will  keep  strain  off  the  header. 
Great  care  will  be  necessary  in  the  making  of  these  con- 
nections as  the  use  of  too  much  force  will  result  in  break- 
age. 

Two  pieces  of  rubber  tubing  come  with  the  apparatus. 
The  longer  piece  is  for  making  the  connection   between 
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tlie  burette  and  the  leveling  bottle  7.  Before  niaking  Ib'S 
couuection,  slip  cue  of  the  piueh  cocks  ou  the  tubing,  as 
this  will  come  in  handy  to  regulate  the  water  level  when 
making  analyses. 

Xext,  the  pipettes  J ,  K  and  L  are  put  into  place. 
These  pijsettes  consist  of  two  bottle-like  parts  connected 
at  the  bottom  by  means  of  a  glass  neck.  The  construction 
of  the  pipettes  varies  somewhat  with  different  apparatus. 
Some,  such  as  /  and  K,  have  the  stem  M  connected  solidly 
to  the  bottle  part  while  with  others,  such  as  L,  the  stem 
forms  part  of  a  stopper  which  makes  a  ground-glass 
fit  with  the  neck  of  the  bottle  part. 

A  number  of  small  glass  tubes  are  furnished  to  insert 
in  the  front  leg  of  each  pipette.     These  tubes  may  come 


Fig.  3.  Reak  View  of  AssKitBLED  Apparatus 

already  in  place.  If  no,  there  may  be  some  cotton  wedged 
into  the  bottle  above  them  to  prevent  them  rattling  and 
possibly  becoming  broken  in  shipment.  This  cotton  must 
all  be  removed.  If  the  tubes  do  not  arrive  already  in 
place  fill  the  front  leg  of  two  pipettes  as  full  as  you  can 
with  the  plain  tubes  and  the  front  leg  of  the  third 
pipette  with  the  tubes  which  have  little  spirals  of  copper 
wire  in  them.  Be  sure  that  the  pipettes  are  arranged  in 
the  cabinet  in  the  proper  order;  the  two  nearest  to  the 
burette  should  contain  the  plain  glass  tubes  while  the 
farthest  one  should  contain  the  tubes  with  the  copper 
spirals.  In  time  these  copper  spirals  will  become  dis- 
solved by  the  solution  used  in  this  pipette  and  new  tubes 
containing  spirals  will  have  to  be  purchased  and  put  in. 

Into  the  back  leg  of  each  pipette  fit  a  goose-neck  stop- 
per, as  shown  in  Fig.  2,  and  to  the  goose-necks  of  the  two 
pipettes  furthest  away  from  the  burette  attach  the  rub- 
ber gas  bags,  as  shown  in  Fig.  3.  The  object  of  these 
bags  is  to  prevent  air  from  coming  iu  contact  with  the 


chemicals  in  the  pipettes  and  spoiling  them.  The  chem- 
ical in  the  first  pipette  need  not  be  so  protected. 

The  U-tube  0,  Fig.  1,  is  next  attached  to  the  end  of  the 
header,  as  shown,  and  the  apparatus  is  ready  to  load  and 
use.  This  U-tube  has  a  wad  of  mineral  wool  in  its  open 
end  and  serves  as  a  filter  for  the  gases  before  they  enter 
the  apparatus,  catching  any  particles  of  dust  and  soot 
which  might  otherwise  foul  up  the  header  and  cause 
trouble  in  the  glass  cocks.  It  also  can  be  filled  with  small 
lumps  of  calcium  chloride  for  absorbing  moisture  from 
the  gases.     This,  however,  is  not  absolutely  necessary. 

I  would  advise,  all  beginners  to  practice  loading  and 
manipulating  the  apparatus  with  plain  water  before  put- 
ting iu  the  chemicals,  as  the  latter  are  nasty  to  spill  or 
slop  around  as  well  as  somewhat  too  expensive  to  de- 
liberately waste.  So,  until  you  fully  understand  how  the 
analysis  is  conducted,  plain  water  is  the  safest  and  cheap- 
est material  to  experiment  with. 

Analyzing  Boiler  Tests* 

By   a.   Bemext 

One  of  the  features  of  difficulty  which  interposes  itself 
in  the  analysis  of  a  boiler  test  is  the  correct  measurement 
of  the  temperature  of  the  escaping  gases.  As  a  rule,  it 
is  necessary  to  calculate  a  heat  balance  before  any  an- 
alysis of  results  can  be  attempted.  This  requires  a  knowl- 
edge of  the  temperature  at  which  the  gases  leave  the 
boiler  and  correct  measurement  is  really  very  difficult. 
This  will  surprise  most  people,  as  it  is  generally  felt  that 
such  measurement  is  very  simple.  The  difficulty  of  this 
measurement  has  two  phases,  one  has  reference  to  the  lo- 
cation of  the  measuring  instrument,  the  other  to  the  heat 
conducted  away  by  the  instrument  and  by  the  walls  of 
the  flue  in  which  the  instrument  is  located. 

Assuming  a  uniform  air  supply  as  existed  in  the  De- 
troit Edison  tests,  it  necessarily  follows  that  the  volume 
of  the  gases  is  in  direct  proportion  to  the  coal  burned, 
and  the  large  capacities  were  obtained  with  the  large  coal 
consumption.  Therefore,  the  high  rates  of  evaporation 
were  accompanied  by  large  gas  volume  and  the  low  rates 
by  small  volume.  In  each  condition,  however,  the  flu  3 
area  and  gas  passage  being  the  same,  the  natural  result 
is  that  the  flowing  gas  volume,  seeking  the  path  of  least 
resistance,  would  not  fill  the  flue  in  the  case  of  the  small 
volume  of  gas;  or,  in  othe/  word.s,  the  center  of  the  gas 
volume  would  not  be  the  same  iu  all  cases. 

The  location  of  the  measuring  instrument  with  refer- 
ence to  the  flue  remains  constant,  but  with  reference  to 
the  flowing  gas  body,  it  is  not  constant.  For  this  reason 
the  gases  come  in  contact  with  the  measuring  instrument 
to  a  greater  or  less  extent,  depending  on  the  amount  of 
the  gas  flowing.  The  prevailing  tendency  of  this  condi- 
tion is  to  cause  the  temperature  to  appear  too  low  with 
small  capacities  and  too  high  with  large  ones.  It  is  ap- 
parent that  the  quantity  of  the  lieat  radiated  from  the 
flue  and  from  the  measuring  instrument  is  approximately 
constant,  because  the  area  of  the  instrument  and  of  the 
flue  are  constant  for  all  conditions.  The  quantity  of  the 
gas  flowing  through  the  flue  is,  however,  a  decided  vari- 
able, it  may  be  three  or  four  times  greater  at  high  than 
at  low  capacity.    The  quantity  of  heat  lost  at  high  capae- 
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ity  is  a  comparatively  small  percentage,  and  the  quantity 
lost  at  low  capacity  is  a  large  percentage,  the  result  is 
that  the  heat  lost  in  hot  gases  at  high  capacity  appears 
higher,  and  at  low  capacity  loiver  than  it  should.  In  this 
way  we  are  probably  caused  to  consider  chimney  losses 
to  be  greater  than  they  are  at  high  capacity  and  less  at 
low.  This  being  true,  we  have  another  reason  for  assum- 
ing a  constant  efficiency,  as  illustrated  in  the  diagram  in 
last  week's  issue. 

The  foregoing  discussion  has  reference  to  those  cases 
where  the  data  is  derived  from  a  heat  balance,  wherein 
the  above  mentioned  cause,  and  that  of  incomplete  com- 
bustion by  escaping  hydrocarbons  are  generally  important 
and  unknown  variables,  both  of  which  make  the  loss  at 
high  capacity  appear  higher  than  it  is.  Therefore,  if 
we  could  take  direct  results  from  tests  without  the  in- 
tervention of  a  heat  balance,  we  would  eliminate  some  of 
the  difficulties  of  dealing  with  it.  It  would,  however, 
be  necessary  to  have  complete  combustion,  a  uniform  loss 
of  fuel  in  the  ashes  and  a  constant  air  supply,  all  of 
which  are  hard  to  obtain  in  usual  practice. 

In  looking  over  his  dr.ta  for  a  ease  that  might  be  of 
service,  the  author  finds  the  performance  shown  in  the 
curve  herewith,  which  comes  nearer,  from  a  theoretical 
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"•"■^      Lb.of  WiJi+er  tvapora+ed  per  Sq.H-.of  Hei^+ing  Surface  per 

standpoint,  to  meeting  these  requirements  than  any  other 
extensive  series  of  tests  that  he  has.  These  tests,  some 
60  in  number,  were  all  run  on  one  of  the  boilers  of  an 
important  power  plant,  and  the  efficiency  shown  is  de- 
rived directly  from  the  evaporation,  without  any  correc- 
tion for  fuel  lost  in  the  ashes  or  anything  else.  While  the 
points  are  not  shown  in  the  diagram,  the  location  of  the 
curve  is  copied  from  the  original  record,  and  so  its  ac- 
curacy may  be  depended  upon.  This  diagram  shows  the 
efficiency  as  ranging  from  52  jicr  cent,  at  2.1  lb.  evajxjra- 
tion,  to  75  per  cent,  at  an  evaporation  of  8.2.5  lb.  per 
sq.ft.,  a  difTereucc  in  efficiency  ol'  2.3  i)er  cent.  The  coal 
used  was  of  a  variable  qnaliiy.  which  had  sdincthing  to 
do  with  the  result. 

It  is  possible  to  account  for  12  per  cent,  of  this  lower 
efficiency  by  the  higher  ash  content  of  the  coal  that  was 
used  in  the  low  efficiency  tests.  This  leaves  a  difference 
unaccounted  for  of  11  per  cenl.  and  it  W(nild  be  necessary 
to  assume  that  this  was  due  to  unfavorable  size  of  coal. 
to  bring  the  result  down  to  a  coiislant  efficiency  for  the 
full  range  of  capacity  shown  by  the  diagram. 

Thus  it  appears  when  an  effort  is  made  to  analyze 
even  such  elaborate  data  as  tlicsi-.  we  are  confronted  with 
a  difTiciilty.  not  in  t)eing  uiialilc  to  iioost  the  efficiency  at 
high  capacity,  but  in  finding  a  justification  for  bringing 
the  efriciency  of  the  low  capa<ity  up  to  it.  At  all  events 
when  large  coal  users  oi)tain  results  shown  in  tlio  dia- 
gram, they  are  disposed,  not  only  to  be  satisfied,  but  to 
feel  that  it  might  be  a  good  thing  if  the  Bureau  of  Mines 
•would  s])end  some  more  money  for  adilitiotial  study. 


OVER    THE    SPILLWAY 

JUST      JESTS,     JABS,     JOSHES      AXD     JUMBLES 


Marcel  G.  Brindejonc  des  Moulinais  flew  674  tnUes  in  7 
hr.  4  min.  Any  aviator  wlio  can  hoist  the  name  alone  is 
some   derriclt.      It's   long   enoug:h    for   a  tail    to   a    kite. 

"A  college  education  is  worth  $25,000  in  increased  earning 
capacity,"  declares  a  Western  university.  It  is,  and  it  isn't. 
There  are  college  men  -who  could  not  earn  this  sum  in  25 
years;  there  are  men  earning  twice  as  much  in  a  year  who 
never  even  walked  by  a  college.  It's  a  fine  thing  to  have, 
but  its  earning  capacity  depends  upon  the  practical  use  made 
of    it. 

Some  tall  and  to'wering  things  have  been  served  to  you 
in  "Power."  and  if  you  turn  back  to  page  SS4  you'll  see  that 
we  are  still  soaring.  This  time  it's  the  Woolworth  Build- 
ing power  plant — 910  ft.  from  bed  rock,  suh;  meaning  the 
building.  It  takes  miles  of  things  to  operate  this  plant,  and 
Thomas  Wilson  has  it  all  in  the  story.  And  a  "5-  and  10- 
cenf  idea  made  this  beautiful  building  possible. 

Arrested  for  non-support,  a  New  York  man  testified  that 
he  gave  his  wife  a  dollar  the  othei"  day  to  buy  food.  "When 
she  returned,  she  had  an  onion,  a  bunch  of  radishes,  and  a 
jag!"  said  he.  While  the  return  shows  a  rather  low  load 
for  the  eats,  the  peak  stands  right  up  on  its  hind  legs. 
And  all  for  a  dollar! 

Our  newest  "contemporary"  is  the  "Hobo  News."  As 
somebody  has  to  work  to  get  this  paper  out.  isn't  this  heresy 
and  schism  in  the  minds  of  the  craft?  Any  advertising  in 
the   "News"?      Canned    goods   and    soaps   might   malve   a    hit. 

The  "code"  microbe  is  gnawing  the  vitals  of  some  of  the 
professional  engineers.  They  must  have  a  code  to  define 
what's  what  and  who's  who.  After  wading  through  a  eol- 
uiTin  of  this  stuff  we  come  to  the  conclusion  that  the  dope  is 
a  reiteration  of  "Be  honest,  and  don't  slam  the  other  fellow." 
Good  gosh!  You  and  I  learned  this  back  in  the  little  old  red 
schoolhouse  days — and  the  most  of  it  still  sticks,  doesn't  it? 
Bimeby.  people  will  become  suspicious  if  a  learned  society 
thinks  it  necessary  to  make  a  publicity  campaign  on 
honesty   alone. 

Our  cartoon  this  week  sure  shows  the  situation  in  some 
power  plants.  When  things  are  slipping  along  to  the  satis- 
faction of  Mister  Boss,  the  engineer  who  wants  to  disturb 
his  complacency  with  a  suggestion  is  about  knee-high  to  a 
peanut.  When  the  motive  power  lays  down  and  refuses  to 
mote,   it's  Mister  Engineer  who  looms  large  in  the  picture, 

Y'ou  should  bo  exceeding  glad  that  the  advertising  men 
are  going  to  yank  the  "crook"  out  of  crooked  and  put  a 
capital  H  on  Honesty.  .\nd  their  recent  convention  in  Bal- 
timore gave  added  impetus  to  this  campaign.  How  will  it 
benefit  you?  This  way:  Your  Helen  won't  buy  a  seal- 
skin sacque  and  have  the  village  chemist  analyze  it  as 
"cat;"  you  won't  pay  $1.15  for  your  $2.50  negligee  shirt,  and 
find  it  was  marked  down  from  50  cents;  your  wool  duds 
won't  turn  out  to  be  just  shoddy:  your  genuine  Panama  \\\ 
won't  be  grown  in  Connecticut;  the  impure  foodcrs  and  the 
expired  patent  mediciners  won't —  There's  going  to  bo  bet- 
ter times  when  these  ad  men  further  exploit  the  Truth  and 
put    a    orlinp    in    the    fakers. 

This  column  Is  being  written  on  Friday,  June  13,  1!I13,  but 
we've  packed  our  rabbit's  foot  and  crossed  our  lingers,  so 
why  should  we  worry  and  raise  a  wrinkle?  We'd  even  (ac- 
cept a  raise  of  thirteen  sliver  dollars  If  we  thought  the 
Old   Man   would   try   to   hoodoo   us   that   way. 

Saturday.   .lune   14 — Nothing  happ.ened,   none  of  it. 

Today,  being  Flag  Day,  every  lovely  girl  and  every  mere 
male  editor  on  the  staff  wears  Old  Glory  on  his  or  her 
manly  or  otherwise  hn.som.  Even  the  dude  editor's  cane  la 
doing  duty  a.i  a  flagstalT.  The  Stars  and  Stripes  should  wave 
over  every  povviM-   plant   In    the   land.      How   about   yours? 
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Stewart's  Experiments  on   Indicators 


By  Jri.iAX  ('.  SiiALLWooD 


STXOPSIS — The  author  points  out  that  variatiun  of 
friction  for  different  springs  has  not  been  sufficiently 
proved;  that  for  precise  calibration  the  temperature, 
speed  and  other  conditions  present  should  be  more  nearly 
identical  with  those  which  obtain  in  practice:  and  pro- 
poses more  correct  methods  of  calibration. 

The  paper  presented  by  James  G.  Stewart  before  the 
Institution  of  Mechanical  Engineers,  a  review  of  which 
appeared  in  the  June  17  issue  of  Power,  page  851,  is  a 
valuable  contribution  to  indicator  science  and  practice. 
It  would  seem,  however,  that  the  results  of  the  variation 
of  friction  with  spring  stiffness  are  not  sufficiently  proved. 
If  Mr.  Stewart's  reasoning  is  correct,  that  it  is  caused 
by  an  imperfect  cylinder  or  cylinder  cap,  it  would  have 
been  less  or  nil  with  a  truer  instrument.  It  is  unfortunate 
that  other  sets  of  results  covering  this  point  were  not 
presented. 


dicated  that  the  decreasing  relation  may  not  be  repre- 
sented by  a  straight  line,  but  by  a  curve,  as  shown  in 
Fig.  2,  joined  at  the  ends  to  the  line  for  increasing  values. 
This  applies  to  any  instrument  of  precision  depending 
upon  springs,  and,  probably,  to  all  indicating  instru- 
ments. That  is,  if  an  instrument,  such  as  an  indicator, 
is  true  for  increasing  values,  it  must  be  untrue  for  de- 
creasing values.  This  phenomenon  is  due  not  only  to  fric- 
tion of  bearing  surfaces,  but  to  internal  friction  of  the 
spring  itself,  the  effect  being  similar  to  hysteresis  in  mag- 
netism. From  the  present  writer's  experiments,  it  ap- 
pears likely  that  the  relation  between  the  force  on  a  spring 
and  its  deformation  is  different  for  different  ranges  of 
force,  and  that  friction  is  less,  regardless  of  the  abso- 
lute pressure,  the  less  is  the  range,  a  point  which  seems 
to  have  escaped  Mr.  Stewart's  attention. 

It  appears,  then,  that  to  calibrate  an  indicator  spring 
with  j)recision,  it  should  be  tested  under  a  gradually  ris- 


P  ress'jre 

Fig.  1.  IxDicATOR  Sprixg  Cali- 
bration Curves 
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Fit;.  2.  Calibration'  Curves  foe 
Correcting  Fig.  3 


Fig.  ;i.  Indicator  Diagrasi 


All  the  tests  were  made  with  compressed  air  as  the 
pressure  medium,  so  that  the  conditions  of  temperature 
and  working  fluid  do  not  apply  to  the  general  case.  This 
will  cause  a  difference  between  the  errors  e.xperimentally 
found  and  those  in  usual  operation,  but  it  is  likely  that, 
in  the  latter  c^se,  they  will  not  be  any  less. 

It  does  not  seem  to  be  entirely  proved  that  the  fric- 
tion is  independent  of  speed,  as  Mr.  Stewart  assumes,  or 
that  it  is  constant  for  a  given  set  of  oscillations.  Never- 
theless, the  results  as  a  whole  must  be  considered  trust- 
worthy, and  that,  therefore,  past  experimenters  have  not 
appreciated  the  magnitude  of  the  errors  discussed. 

The  present  writer  has  been  working  toward  Mr.  Stew- 
art's ends,  though  by  different  methods,  for  some  time 
past,  with  a  view  to  the  construction  of  an  accurate  meth- 
od of  correcting  indicator-pencil  motion,  being  led  to  do 
so  by  the  following  considerations :  The  usual  calibration 
is  accomplished  by  a  more  or  less  jerky  variation  of  mo- 
tion and  pressure.  This  does  not  duplicate  the  actual 
condition  of  pencil  friction  or  of  pencil  motion,  which 
latter  might,  so  the  present  writer  considered,  easily  af- 
fect the  friction.  Further,  when  the  observations  of  such 
a  test  are  plotted,  two  unconnected  curves  result,  as  Fig. 
,1  ;  whereas,  in  actual  operation,  the  relation  between  pres- 
sure and  height  is  a  continuous  one,  with  no  unfilled  gaps 
at  the  ends.     Certain  researches  along  kindred  lines  in- 


ing  and  falling  pressure,  such  as  actually  ulitaiiis  in  a 
steam  or  gas  engine,  the  limits  of  the  pressure  being  the 
same  as  those  of  the  indicator  diagram  to  which  the  re- 
sults are  to  be  applied.  The  problem  presented  was  to 
design  a  steam  container  equipped  with  a  valve  or  valves 
to  accomplish  this  variation,  and  with  an  apparatus  for 
obtaining  an  autographic  diagram,  such  as  Fig.  2.  The 
test  gage  for  measuring  the  true  pressure  must  itself  be 
sufficiently  free  from  friction  to  give  substantially  true 
decreasing  readings. 

An  attempt  was  made  to  satisfy  these  conditions  as  fol- 
lows :  A  recording-pressure  gage  having  a  pressure  tube 
of  the  helical  type  with  pen  arm  directly  attached  was 
found  to  have  very  little  friction,  and  so  was  used  to 
measure  the  true  pressure.  The  clockwork  was  detached 
from  the  dial,  and  a  small  wooden  drum  placed  on  the 
dial  spindle  instead.  The  gage  and  the  indicator  to  be 
tested  were  both  connected  to  the  pressure  chamber  in 
which  it  was  attempted  to  vary  the  pressure  by  hand 
manipulation  of  valves.  One  cord  was  passed  around  the 
indicator  drum  and  another  around  the  drum  on  the  gage- 
dial  spindle,  so  that  when  the  cords  were  pulled  together, 
the  dial  and  the  drum  would  have  similar  motions.  By 
comparing  the  corresponding  records  of  height  of  pencil 
on  the  indicator  card  and  true  pressure  on  the  gage 
blank,  data  for  a  curve  similar  to  Fig.  2  could  be  ob- 
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tained.  The  apparatus  has  uot  yet  been  developed  eiiougli 
to  yield  satisfactory  results.  The  method  is  inferior  to 
Mr.  Stewart's  iu  that  error  is  introduced  because  of 
ehistic  hysteresis  of  the  pressure  gage. 

With  such  a  diagram  as  Fig.  2,  the  indicator  diagram 
could  be  readily  corrected  as  follows:  The  two  diagrams 
are  laid  side  by  side,  as  shown  by  Figs.  2  and  3.  The 
true  scale  for  ascending  values  on  the  indicator  diagram 
(that  is,  values  on  the  compression  line)  is  given  by  P 
and  /(.  To  represent  the  point  a,  Fig.  3,  on  this  scale, 
the  construction  abb'a'  is  used,  the  point  a'  being  the  re- 
quired corrected  position  of  a.  Enough  points  are  thus 
corrected  to  determine  a  corrected  expansion  line.  The 
ascending  spring  scale  will  then  apply  correctly  to  the 
whole  diagram.  This  method  appears  to  be  less  laborious 
than  Mr.  Stewart's,  and,  because  the  calibration  is  af- 
fected by  the  range  of  pressure,  more  accurate. 

Returning  to  Mr.  Stewart's  paper,  his  results  on  the 
drum-motion  investigation  call  for  little  comment,  iu 
that,  experimentally,  they  only  brushed  the  surface  of  the 
subject.     His  method  was  the  one  u.sed   by  Mr.  Bright- 


more,  namely,  getting  a  number  of  correct  positions  of 
the  drum  by  an  electric  spark  at  the  pencil  point,  made 
l)y  commutator  contacts  on.  'an  engine  crosshead  driving 
the  indicator.  Apparently  he  obtained  results  on  only  a 
single  set  of  conditions.  Strictly  speaking,  the  errors 
in  the  drum  motion  shown  by  his  curves  are  not  ef- 
fective errors  as  was  shown  by  the  present  writer  in  an 
article  on  "Distortion  of  Indicator  Drum  Motion,"  in 
the  Aug.  20,  1912,  issue  of  Power.  The  effects  of  fric- 
tion of  the  drum  sjiindlc  and  of  guide  pulleys,  also  given 
in  this  publication,  lunc  udt  been  touched  upon  at  all, 
and  these  are  by  far  the  most  likely  and  largest  sources 
of  error  in  drum  motion. 

It  is  interesting  to  note,  in  closing,  that,  whereas  the 
effect  of  friction  in  the  pencil  motion  is  to  make  the  in- 
dicator diagram  larger,  on  the  drum  motion  it  is'  to 
make  it  .smaller,  and  these  two  errors  often  counterbal- 
ance sufficiently  to  give  reasonable  results.  The  net  ef- 
fect is  to  make  the  usual  indicator  fairly  reliable  as  an 
instrument  to  measure  mean  effective  pressure,  but  for 
otlier  uses  its  design  may  be  much  improved. 


Bursting  Flywheel  Causes  Two   Deaths 


STNOPSL'< — A  flywheel  explodes,  burstini/  two  main 
strain  pipes,  causing  the  death  of  an  oiler  and  the  en- 
gineer. 

The  engine  room  of  the  Alpha  Portland  Cement  Co. 
was  the  scene  of  a  fatal  flywheel  accident  at  2  a.m.,  Mon- 
day, June  9,  resulting  in  the  death  of  two  men,  both 
employed  in  the  engine  room. 


The  engine  room  contained  three  cross-compound  main 
power  units  and  a  turbine-lighting  set.  The  three  main 
engines  were  each  fitted  with  a  sheave  flywheel  used  to 
drive  as  many  line  shafts  by  the  English  system  of  rope 
drive,  i.e.,  each  rope  independent  of  the  other. 

Two  of  the  line  shafts  ran  across  the  end  of  the  engine 
room,  as  shown  in  Fig.  1.  The  engine  at  the  right  was 
rope  connected  to  a  third  countershaft,  as  shown  at  the 


Fig.  1.  View  or  thi;  Witi:cKi-.n  Enoine  from  the  Ckank  Exd 
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Fig.  2.   Showixg  Engine  and  Damaged  Wall  Caused  by  Flywheel  Explosion 


left  of  Fig.  2.  The  engine  at  the  right  of  Fig.  2  drove 
ihe  first  shaft,  shown  in  Fig.  1,  which  also  carried  an 
idle  sheave  wheel  in  line  with  the  right-hand  half  of  the 
flywheel  of  the  wrecked  engine.  The  second  line  shaft, 
at  the  rear  of  the  first,  was  rope  driven  from  the  other 
half  of  the  %wheel. 

This  flywheel  was  in  reality  two  sheave  wheels  made 
in  half  sections  with  split  hubs,  each  held  together  by 
four  2-in.  bolts,  Fig.  1.  The  rim  joints  of  each  wheel 
section  were  secured  with  five  1%-in.  bolts.  The  ad- 
joining edges  of  the  wheel  rims  were  flanged  and  the 
t*o  sections,  thus  bolted  together,  formed  the  flywheel 
as  a  whole.  It  was  18  ft.  in  diameter,  with  a  70-in. 
face,  which  was  made  with  26  grooves,  and  ran  at  a  nor- 
mal speed  of  90  r.p.m. 


Both  the  flywheel  and  driven  sheave  wheel  were  de- 
molished while  the  idle  sheave  wheel  on  the  front  line 
shaft  was  found  whole,  with  the  exception  of  a  small 
piece  that  had  been  broken  out  of ,  the  edge  of  the  rim. 
When  the  flywheel  burst  a  7-  and  a  i)-in.  steam  main 
were  broken  and  the  steam  from  300.0  hp.  in  boiler  capac- 
ity escaped,  filling  the  engine  room  with  live  steam,  which, 
from  all  indications,  was  the  cause  of  the  death  of  Her- 
bert Buskirk,  engineer,  and  Edward  J.  Butler,  oiler. 
Engineer  Buskirk  was  found  lying  at  the  edge  of  the 
wheel  pit  shown  in  the  foreground'  of  Fig.  1 ;  Butler  was 
found  next  to  the  wall  at  the  right  between  the  cylinders 
of  the  engine  and  the  line  shaft.  He  was  dead  and  had 
evidently  been  scalded  to  death,  l^e  engineer  was  alive, 
but  died  in  the  hospital  five  hours  later. 


Fig. 
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Just  what  occurred  at  the  time  of  the  accident  is  not 
known.  From  conversation  with  the  officials  and  men 
about  tlie  plant,  it  appears  that  the  oiler  who  fortunately 
escaped  had,  in  the  performance  of  his  duties,  just  felt 
of  the  low-pressure  crank  of  the  wrecked  engine,  which 
was  between  the  other  two  units,  and  had  gone  toward  a 
side  door.  Everything  about  the  engine  room  appeared 
to  be  as  usual  and  no  trouble  had  been  experienced  dur- 
ing the  run.  The  first  indication  of  danger  was  a  crash. 
It  is  assumed  that  the  engineer  attempted  to  shut  down 
the  wrecked  engine,  as  he  was  last  seen  at  the  throttle 
which  was  later  found  closed.  The  engine  ran  condensing 
and  had  22  and  38  by  -tS-in.  cylinders.  It  was  equipped 
with  an  automatic  safety  stop  and  whether  it  or  the  en- 
gineer closed  the  throttle  is  not  known.  There  is  no  evi- 
dence to  show  that  the  engine  s])eeded  up  prior  to  the  ac- 
cident, and  so  far  as  could  be  determined  from  an  ex- 
amination, the  governor,  which  was  of  the  shaft  type,  was 
in  good  order. 

Although  the  flywheel  was  broken  into  very  small 
pieces,  Fig.  3,  it  is  not  evident  that  it  failed  first.  It 
will  be  noted  that  the  sheave  wheel  on  the  line  shaft  was 


also  demolished  while  the  one  on  the  shaft  in  front 
of  it  was  but  slightly  damaged.  This  fact  would  indicate, 
as  a  probable  cause  for  the  accident,  that  the  driven  wheel 
failed  first  with  the  possibility,  and  even  probability  that 
the  entangled  ropes  on  the  engine  flywheel  caused  an 
initial  fracture  of  the  rim  or  spokes,  resulting  in  a  fly- 
wheel explosion  from  centrifugal  force,  although  running 
at  normal  speed. 

Most  of  the  damage  to  the  engine  room  was  confined 
to  the  w-recked  engine,  the  walls  in  line  with  the  flywheel 
and  to  the  roof  above.  But  four  pieces  of  the  flywheel 
found  after  the  accident  were  of  large  size.  Two  pieces 
were  hurled  through  a  10-in.  brick  wall,  over  a  store 
house,  landing  in  a  field.  Each  was  about  30  in.  long. 
Another  large  section,  approximately  6  ft.  long,  passed 
through  the  roof,  and  landed  on  a  spur  track,  severing  a 
rail  as  if  it  had  been  a  piece  of  chalk.  The  rest  of  the 
wheel  was  found  scattered  about  the  premises  in  very 
small  pieces. 

The  flywheel  was  insured  by  the  Hartford  Steam  Boiler 
Inspection  &  Insurance  Co.,  which  will  stand  the  loss  oc- 
casioned by  the  accident. 


National  Electric   Light   Convention 


The  thirty-sixth  convention  of  the  National  Electric  Light 
Association  was  held  in  El  Medinah  Temple.  Chicago,  on  June 
2  to  6,  inclusive.  About  2000  delegates  and  guests  were 
registered.  President  Frank  M.  Tait  called  the  first  general 
session  to  order  at  10:30  a.m.,  Tuesday,  and  introduced  the 
Hon.  Lawrence  E.  JIcGann  who  welcomed  the  visitors  to  the 
city  on  behalf  of  Mayor  Harrison,  who  was  unable  to  be 
present. 

President  Tait  then  delivered  his  address,  which  had  to 
do  principally  with  association  matters  and  the  problems  in- 
cident to  conducting  the  affairs  of  this  great  organization 
which  has  grown  in  membership  from  1300,  five  years  ago,  to 
over   12,000   at   the   present   time. 

The  class  "A"  or  company  memberships  to  the  associa- 
tion decreased  from  1136  last  year  to  1093  because  not  enough 
new  members  were  secured  to  offset  the  118  resignations  re- 
ceived due  to  the  consolidation  of  many  properties.  A  large 
number  of  papers,  committee  reports,  lectures  and  addresses 
on  subjects  of  importance  to  public  light  and  power  people 
were  presented  during  the  19  general  and  sectional  sessions 
of  the  convention.  Many  of  these  are  offered  in  brief  ab- 
stract herewith;  others  of  more  general  interest  will  be  given 
fuller    treatment    in    later    issues. 

METER  COMMITTEE  REPORT 

This  consisted  of  a  47-page  pamphlet  reviewing  the  past 
year's  work  of  the  committee.  A  standard  dial-face  for 
watt-hour  meters  is  recommended.  The  effect  of  using  in- 
duction watt-hour  metjrs  on  frequencies  other  than  those  for 
which  they  were  designed  has  been  studied  by  the  com- 
mittee. As  a  result.  It  is  pointed  out  that  when  changing  a 
system  from  a  high  to  a  lower  standard  frequency,  the 
meters  should  be  changed  first  and  vice  versa,  thus  safe- 
guarding the  potential  circuits  .against  undue  heating  or 
burnouts. 

Another  subject  studied  was  that  of  metering  rapidly 
fluctuating  loads.  A  feeling  exists  that  In  such  cases  the 
meter  fails  to  register  all  the  current  used.  Although  un- 
able actually  to  conduct  tests,  the  committee,  because  of  In- 
formation gathered,  stated  that  there  appears  to  be  no  error 
with  the  commutator  type  <>f  nn  ter.  On  the  other  hand, 
with  the  Induction  type.  It  is  claimed  that  there  Is  a  slight 
tendency  to  register  a  small  amount  of  energy  In  excess  of 
that  actually  used — go  small,  however,  as  to  be  practically 
negligible  as  the  error  falls  well  within  1  Vi  per  cent.,  except 
in  extreme  cases. 

The  report  also  contained  recommendations  to  use  more 
uniform  connection  diagrams  for  Instrument  transformers 
and    descriptions    of    the    latest    meter    developments. 

With  the  report  was  submitted  the  third  edition  of  the 
"Code  for  Electricity  Meters,"  containing  nine  sections,  de- 
voted   to    definitions,    standards    and    measuring    Instruments, 


metering,       specifications,      installation      methods,      tests      and 
maintenance    methods. 

GROUNDING  SECONDARIES 
After  working  six  years  the  committee  on  grounding  sec- 
ondaries has  secured  a  unanimous  agreement  to  the  de- 
sirability of  grounding  secondary  circuits  and  has  succeeded 
in  having  the  National  Electrical  Code  revised  so  that  a 
rule  now  requires  the  grounding  of  such  circuits  having  a 
potential  of  150  volts  or  less.  The  committee  recommends 
as  the  best  ground  a  solid  connection  to  underground  metal- 
lic piping  systems,  making  these  connections  where  they  can 
be    periodically   inspected. 

L.\.MP  REPORT 
The  lamp  committee  reported  that  conditions  indk-ate  the 
rapid  substitution  of  the  metallized  and  mazda  lamps  for  the 
carbon.  A  rapid  improvement  in  the  quality  of  the  tungsten- 
filament  lamps  and  a  constantly  downward  tendency  in  their 
price  have  been  features  of  the  past  year.  The  trade  name 
"mazda"  has  now  been  generally  adopted  by  American  man- 
ufacturers  for   this   type   of  lamp. 

PROGRESS  IN  LAMP  M.VKING 
J.  E.  Randall  and  Evan  J.  Edwards  presented  a  paper 
dealing  specifically  with  the  recent  progress  made  in  the  art 
of  incandenscent  lamp  manufacture.  The  rated  specific  con- 
sumption of  regular  lamps  has  been  reduced  by  about  0.15 
watt  per  candlepower  on  the  larger  lamps  through  the  care- 
ful use  of  chemicals  which  retard  the  blackening  of  the  bulb. 
Such  improvements  have  made  It  practicable  to  employ 
smaller   bulbs   for  a   given   wattage. 

In  discussion  of  this  paper  John  W.  Howell  brought  out 
the  point  that  the  present  60-  and  100-watt  lamps  give 
double  the  life  at  the  efficiency  of  a  year  ago.  and  that  the 
10-watt  standard-voltage  lamp  Is  five  times  as  good  as  a 
year    ago. 

.MKASUREMENT.S  .AND  VALUES 
The  report  of  the  committee  on  the  above  subject  dis- 
cussed, without  making  any  specific  recommendations,  the 
recent  efforts  of  various  engineering  societies  to  unify  and 
simplify  standards,  units  and  the  terminology  of  power. 
Particular  reference  w.is  made  to  the  proposal  to  abandon 
the  term  "boiler  horsepower"  and  adopt  "myriaw.att."  In  the 
ensuing  discussion.  Dr.  Stelnmetz,  in  a  semi-humorous  vein, 
deprecated  the  addition  of  new  units  of  a  more  or  less  un- 
scientific   nature    to    existing    terminology. 

INCANDE.SCENT    LAMPS    AND    LIGHTING    SERVICE 
In    a    paper    under    this    head    M.    D.    Cooper    and    Robert    C. 
Campbell    pointed   out   the   need    of  greater   care    in   laying   out 
wiritig    for    lighting    installations    as.    with    abnormal    volta^  t 
drop,   rated   efllctency    Is    not    secured. 
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HTDRO-ELECTRIC  SESSION 
"The  Failure  of  Conservation  to  Conserve,"  a  paper  by  E. 
H.  Thomas,  Seattle,  presented  at  the  first  hydro-electric  and 
transmission  session,  Wednesday  morning,  arraigned  the 
conservation  policies  sponsored  by  Mr.  Pinchot  and  ridiculed 
the  idea  of  a  trust  controlling  the  water-power  field. 

WATER-POWER  PROGRESS 
Following  this  paper  the  report  of  the  committee  on 
progress  was  presented  by  Secretary  Martin  in  which  various 
decisions  and  utterances  of  public  authorities  in  regard  to 
water-power  matters  were  quoted  and  the  more  important 
features  of  improvement  in  hydro-electric  engineering  were 
reviewed.  A  phase  of  the  latter  portion  of  the  report  which 
brought  out  some  discussion  was  that  quoting  the  recommen- 
dations of  official  Swedish  engineers  of  the  direct-current 
method  of  transmission  for  a  200-mile  line  between  Trol- 
hatten  Falls  and  Copenhagen,  Denmark,  with  a  potential  of 
90,000  volts.  The  consensus  of  opinion  of  those  who  dis- 
cussed this  proposition  was  that  while  direct  current  may 
offer  advantages  in  this  special  case  in  a  large  majority  of 
cases  alternati,ng-current  is  preferable  for  long-distance 
•work,  principally  because  of  the  practical  limitation  with  the 
direct-current  system,  due  to  commutation  difficulties,  to  ma- 
chines of  not  more  than  1500-kw.  rating. 

REPORT    ON   WATER    TURBINES 

The  report  of  the  subcommittee  on  prime  movers  pointed 
out  that  the  newly  developed  Kincsbury  thrust  bearing,  de- 
scribed in  "Power"  for  May  13,  and  a  new  form  of  combined 
oil-presure  and  roller-thrust  bearing  together  with  recent 
advances  in  the  design  of  water-wheel  runners  tend  to  im- 
prove the  service  of  the  vertical  turbine.  The  subject  of 
runner  material  was  considered  to  some  extent  but  left 
open  to  further  discussion.  Further  investigation  was 
recommended  on  the  subject  of  steam-flow  measurement  and 
wheel  consumption  and.  incidentally,  a  paper,  to  be  ab- 
stracted in  a  later  issue  of  "Power."  by  C.  M.  Allen,  of 
Worcester  Polytechnic  Institute  was  presented  on  "EflSciency 
Tests    of    Water    Wheels    after    Installation." 

CENTRAL-STATION  POWER   IN  COAL  MINES 

In  a  paper  under  this  title  W.  A.  Thomas  contended  that 
in  spite  of  the  low  fuel  cost  in  an  isolated  power  plant  of  a 
coal  mine,  the  substitution  of  central-station  current  can  be 
made  with  profit  to  both  mine  operator  and  central  station. 
The  reason  claimed  for  this  is  that  the  cost  of  carrying  the 
isolated  plant  investment  over  the  light-load  periods  makes 
the  privately  manufactured  current  more  e.xpensive  than 
purchased  power.  In  addition  it  is  claimed  that  the  central 
station  can  profitably  sell  current  for  mine  service  at  a  low 
price  because  the  load  is  mostly  an  off-peak  one.  hence,  in- 
vestment expense  is  small. 
SWITCHING    APPARATUS    FOR    RURAL    INSTALLATIONS 

This  paper,  by  E.  B.  Merriam,  describes  semi-portable  and 
portable  substations  for  supplying  power  from  existing 
high-voltage  transmission  lines  and  consisting  of  inexpen- 
sive but  reliable  outdoor  fuses,  switches,  transformers, 
switch  houses  and  other  required  devices.  The  develop- 
ment of  such  apparatus  opens,  a  wide  field  for  the  sale  and 
application  of  current  to  villages  and  small  towns,  mines, 
quarries,  farms,  irrigation  and  drainage  work  and  the  like. 
ELECTRIC    SERVICE    FOR    SMALL    TOWNS 

A  paper  by  J.  Edward  Kearns  suggests  that  by  con- 
solidating a  number  of  small  light  and  power  systems  and 
distributing  the  current  from  one  central  station  instead  of 
a  number,  many  advantages  are  often  secured  and  form- 
erly unprofitable  systems  often  may  be  put  on  a  well  paying 
basis.  In  addition,  with  such  consolidation,  it  is  frequently 
possible  to  serve  certain  classes  of  customers  whom  the 
small  independent  plant  cannot  afford  to  serve.  The  paper 
contains  suggestions  as  to  estimated  costs  both  of  con- 
struction  and    operation. 

REPORT  ON  PRIME  MOVERS 

At  the  Thursday  morning  technical  session  the  report  of 
the  committee  on  prime  movers  was  presented  by  Chairman 
I.  E.  Moultrop.  The  report  called  attention  to  the  progress 
being  made  in  steam-turbine  design  in  the  direction  of  larger 
capacities  and  improved  efficiency.  A  highly  eflicient  hori- 
zontal type  of  Curtis  machine  for  speeds  of  from  1200  to 
ISOO  r.p.m.  has  been  developed  and  several  of  20.000-kw.  ca- 
pacity, each,  are  on  order,  while  the  designs  of  even  larger 
units    have    been    completed. 

A  so  called  cross-compound  type  of  Parsons  turbine  has 
been  evolved,  consisting  of  two  separate  sections,  as  far 
as  the  steam  and  electrical  ends  are  concerned.  The  high- 
pressure    end    operates,    for    instance,    at    1800    r.p.m.    and    de- 


velops 15.000  kw.,  while  the  low-pressure  section,  receiving 
the  exhaust  from  the  high  after  the  moisture  due  to  ex- 
pansion has  been  removed,  operates  at  720  r.p.m.  and  de- 
velops an  additional  15.000  kw.  Both  sections  are  under  the 
control  of  the  governor  and  the  high-pressure  admission 
valves.  It  is  said  that  the  result  of  this  design  is  a  greater 
thermal  efficiency,  based  on  the  output  at  the  generator 
terminals,   than   with   any   other  arrangement. 

It  is  said  that  noncondensing  turbines  continue  to  grow  in 
favor  for  certain  classes  of  work  and  the  use  of  the  small 
turbine  for  driving  station  auxiliaries — exciters,  feed  and 
other    pumps    and    blowers — is    constantly    spreading. 

Favorable  mention  is  made  of  Dr.  Ferranti's  turbine  in 
which  the  steam  is  maintained  in  a  perfectly  gaseous  state 
during  its  entire  travel  through  the  machine  by  the  use  of 
high  initial  superheat  and  reheating  between  first  and  sec- 
ond stages.  It  is  reported  that  the  steam  consumption  of 
this  machine  will  fall  below  6  lb.  per  steam  brake-horse- 
power-hour. 

The  opinion  expressed  in  the  report  of  a  year  ago  in 
reference  to  high-efllciency  and  self-contained  units  like  the 
Stumpf,  Wolf.  Lentz,  Locomobile  and  Memming  engines  is 
reiterated  and  the  committee  states  that  such  types  do  not 
appear   to   be  adaptable   to  American   conditions. 

The  condenser  design  prevailing  in  some  directions  re- 
quires modification,  in  the  opinion  of  the  committee,  be- 
cause of  the  high  degree  of  vacuum  desired  in  turbine  work. 
Passages  of  ample  cross-section  are  required  so  that  the 
steam  may  have  immediate  and  free  access  to  all  portions  of 
the  cooling  surface  at  moderate  velocities  and  without  fol- 
lowing a  constricted  and  tortuous  path  around  baffles  and 
between    tubes. 

The  report  further  contained  reference  to'  numerous  new 
devices  and  steam-plant  practices  which  have  been  illus- 
trated and  discussed  in  "Power"  from  time  to  time. 

Nothing  new  in  the  gas-power  field  was  reported  but 
considerable  space  was  devoted  to  oil  engines  and  statistics 
on  the  general  oil  supply.  An  important  rise  in  the  price  of 
oU  is  noted  and  a  slight  falling  off  In  production  in  some  sec- 
tions is  pointed  out.  Faith  in  the  heavy-oil  engine  continues 
to  grow  and  strengthen  and  the  number  of  manufacturers 
engaged  in  its  development  continues  to  increase,  several 
additional   large   concerns  having  recently  entered   the  field. 

ELECTRICAL  APPARATUS 

Following  this  report,  L.  L.  Elden  presented  the  report  of 
the  committee  on  electrical  apparatus — a  48-page  pamphlet 
dealing  comprehensively  with  the  latest  developments  in 
generators,  exciters,  motor-converters,  transformers,  regulat- 
ing apparatus,  etc.  High-voltage  generators  of  large  capac- 
ity to  operate  without  auto-transformers  are  now  available 
and  25,000-kw.  units  have  become  standard.  Feeder  regu- 
lators are  increasing  in  efllciency  and  out-door  regulation 
is  a  new  development.  New  types  of  reverse-current  relays 
are  being  brought  out  and  increased  life  is  being  secured  of 
rectifier  tubes,  principally  through  the  use  of  double  equip- 
ments, insuring  continuity  of  service.  Current-limi'.ing  re- 
actances, speed  of  rotative  apparatus,  direct-coupled  exciters, 
the  use,  care  and  life  of  various  types  of  brushes  and  the 
application  of  motor-converters  were  among  other  topics 
treated.  A  technical  discussion  is  also  contained  on  the 
merits  of  several  arrangements  of  central-station  testing  ap- 
paratus. 

In  the  ensuing  discussion  it  was  stated  that  the  new  30,- 
000-kw,  turbine  set  of  the  Commonwealth  Edison  Co.  will  de- 
liver current  at  9000  volts  without  an  auto-transformer 
equipment,  thus  increasing  the  efficiency  by  0.6  per  cent. 
Noise  caused  by  the  operation  of  substation  machinery  was 
discussed  and  it  was  asserted  that  there  was  room  for  the 
manufacturers  to  effect  improvement  in  this  direction.  The 
subject  of  reactances  was  also  discussed  with  especial  refer- 
ence to  the  use  of  such  apparatus  for  bus  section  and  inter- 
station  seri'ice. 

OVERHEAD  LINE  CONSTRUCTION 
The  joint  report  of  committees  representing  five  large  en- 
gineering societies,  on  overhead  line  construction,  contained 
full  specification  for  overhead  crossings  of  light  and  power 
lines  and  signaling  circuits  involving  protection  against  po- 
tentials of  5000  volts  or  more.  Reliable  data  are  also  in- 
cluded in  regard  to  sags,  factors  of  safety  in  line  construc- 
tion, conductors,  insulators,  poles,  foundations,  galvanizing, 
properties    of    wire,    etc, 

SWITCHBOARD  INSTRUMENTS 
A  paper  under  this  title  by  Paul  MacGahn  outlined  the 
desirable  features  of  switchboard  instruments  and  empha- 
sized the  economy  in  space  made  possible  by  the  use  of  in- 
duction types  of  apparatus.  In  addition,  the  freedom  of  such 
types  from  the  influences  of  stray  fields  was  pointed  out. 
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E.  G.  Reed  presented  a  paper  on  "The  Latest  Develop- 
ments in  Distributing  Transformers,"  in  which  better  wind- 
ing and  coil  insulation  were  mentioned  as  being  factors.  The 
chief  improvements,  however,  result  from  the  use  of  guttered 
winding  with  the  machine  type  of  coil,  improved  machine- 
formed  insulating  barriers  and  the  arrangement  of  oil-cir- 
culating ducts.  Lower  iron  and  copper  losses  have  been 
secured  and  at   the   same   time   the    insulation   is  better. 

An  interesting  paper  by  Angus  S.  Hibbard  on  "Telephonic 
Communication,  the  Means  of  Control  of  Central  Stations" 
was  next  presented.  This  described  the  elaborate  use  of 
telephone  service  in  load  dispatching  as  employed  by  the 
New   York    Edison    Co. 

In  a  paper  entitled  "The  Central  Station's  Greatest  Op- 
portunity— the  Electric  Vehicle,"  E.  E.  Witherby  emphasized 
the  desirability  of  the  electric-vehicle  load  from  a  central- 
station  point  of  view  and  urged  that  central-station  people 
do  all  within  their  power  to  foster  the  use  of  this  type  of 
automobile. 

The  report  of  the  committee  on  electricity  in  rural  dis- 
tricts was  a  voluminous  and  well  illustrated  work.  In  gen- 
eral, it  indicated  that  relatively  little  has  been  accomplished 
in   the    way    of   profitably    developing   truly    rural    business. 

In  a  paper  on  "Poles  and  Pole  Preservation."  R.  A.  Griffin 
pointed  out  the  necessity  for  greater  attention  to  the  ques- 
tion of  a  preservative  treatment  of  poles  in  permanent  lines 
and    reported    some    actual    results    thus    far    obtained. 

DEVELOPMENTS  IN  PROTECTIVE  APPARATUS 
This  is  the  title  of  a  paper  presented  by  J.  W.  Mahoney 
describing  improvements  in  oil  and  carbon  circuit-break- 
ers and  lightning  arresters  due  to  the  high  voltages  and 
generating  capacities  now  in  general  use.  A  large  number 
of  types  and  sizes  are  provided  to  meet  various  breaking- 
capacity  requirements  at  voltages  up  to  165,000  and  con- 
ducting capacities  up  to  4000  amperes.  Design  and  construc- 
tional improvements  for  moderate  capacity  and  voltage  ser- 
vice include  porcelain  insulating  pillars,  clamped  in  position, 
contact  details  clamped  thereto,  use  of  removable  separate 
arcing  contacts,  heavy  steel-plate  tanks  with  lap-welded 
joints,  greater  volume  and  head  of  oil.  and  strong  tank-sup- 
porting details.  Medium  voltage  and  capacity  breakers  have, 
in  addition,  individual  tanks  per  pole,  on  either  a  single 
multiple  frame  or  individual  frames  for  each  pole,  "butt" 
type  high  contact  pressure  laminated  brush  contacts  self- 
cleaning,  "butt"  type  solid  arcing  tip  situated  to  reduce  the 
arcing  to  a  minimum.  High-capacity,  medium-voltage  break- 
ers have  elliptical  or  round  tanks,  in  which  the  metal  is 
used  in  tension,  of  the  strongest  construction.  Expansion 
chambers  and  appropriate  vents  are  provided  for  the  arc 
gases  in  all  designs.  For  very  high  capacity  and  voltage  a 
breaker  having  self-contained  reactance  cut  into  circuit  on 
operation   of   the   breaker   is  now   standard. 

Carbon  breakers  are  now  made  in  standard  capacities 
from  3  to  24,000  amperes  and  up  to  1500  volts  direct  current. 
Modern  types  include  the  "butt"  wiping  form  of  laminated 
brush  with  metal  secondary  contacts  and  "butt"  and  wip- 
ing carbon  final  contacts,  .V  new  feature  in  a  line  of  break- 
ers for  moderate  conducting  and  breaking  capacity  is  the 
use  of  pressed-metal  parts  nearly  throughout.  The  heavy- 
service  breakers,  for  the  higher  currents  and  voltages,  have 
several  steps  of  increasing  resistance  in  shunt  to  the  main 
contacts,  are  provided  with  ventilating  passages  between  the 
several  brush  units,  which  also  reduces  the  skin  effect  on 
alternating  current,  and  u.se  the  laminated  or  "busbar  form 
of  terminal  stud.  The  aluminum  electrolytic  arrester  has 
displaced  all  others  for  severe  service.  Daily  charging  is 
the  usual  practice  and  the  so  called  "charging  resistance" 
is  used  quite  generally  where  the  surges  due  to  charging 
might  cause  trouble.  An  inorganic  electrolyte  and  the 
annular  form  of  tray  have  demonstrated  their  effective- 
ness. 

STREET  LIGHTING 
The  M  port  of  the  committee  on  this  subject  is  divided  Into 
three  main  sections;  (1)  lirief  review  of  the  history  of 
street-lighting  specifications.  (2)  Discussion  of  various  pro- 
posed methods  of  measuring  Illuminating  power  of  street 
lamps.  (3)  Recommendations  on  drawing  contracts  for  street 
llghtlnB.  In  many  Instances,  contract  clauses  which,  when 
accepted,  were  fair  to  all  parties  concerned  and  would  have 
fulfilled  all  terms  of  the  contract  under  previously  existing 
conditions,  have  proven  un.satlsfactory  due  to  the  Introduc- 
tion of  new  illuminants  and  new  conditions.  To  avoid  con- 
troversy In  the  future  certain  definite  principles  of  contract 
form  are  suggested. 

RECENT    DEVELOPMENTS    TN    FLAME    ARC    LAMPS 
A   paper   on    this   subject    discussed    flame    carbon-arc    lamp 
design  from  the  standpoint  of  the  operating  and  central-sta- 


tion man.  Attention  was  also  given  to  indicating  how 
friction  may  be  largely  eliminated  in  the  regulation  of  such 
lamps  and  some  requirements  of  good  operation  were  noted 
with  an  explanation  of  the  manner  in  which  these  require- 
ments  may   be   met. 

COPPER-CLAD  WIRE  FOR  SERIES  ARC  LIGHTING 
In  a  paper  dealing  with  this  topic,  T.  K.  Stevenson  pointed 
out  the  advantages  of  copper-clad  steel  wire  for  overhead 
circuits.  This  wire,  in  contrast  with  other  types,  has  the 
advantages  of  being  practically  non-stretching  and  having  a 
small  coefficient  of  expansion. 

UNDERGROUND  CONSTRUCTION 
The  committee  report  on  this  subject  this  year  dealt  ex- 
clusively with  high-tension  cables  and  discussed  periodic 
testing,  carrying  capacity,  graded  insulation,  sector  con- 
ductors, current-limiting  reactances,  protection  of  cables  in 
manholes,  parallel  routes,  trouble  reports,  practical  hints  as 
to  operation  and  specifications  for  paper-  and  rubber-insu- 
lated cables  for  underground  operating  pressures  in  excess  of 
2000  volts.  Considerable  space  was  given  to  carrying  ca- 
pacity, and  recommendation  is  made  of  a  very  decided  in- 
crease in  rating  during  the  winter:  also  that  the  current  rat- 
ing be  varied  inversely  with  the  voltage,  on  account  of  the 
heating  in  the  insulation  due  to  the  leakage  of  current.  The 
report  intimated  that  in  paper  cable  American  manufactur- 
ers are  in  some  respects  behind  European,  as  evidenced,  for 
example,  by  the  bending  test.  In  European  cables  the  bend- 
ing test  is  applied  three  times.  American  manufacturers 
consider  as  too  severe,  a  test  of  bending  first  in  one  direction 
and  then  in  the  other,  twice  repeated,  to  a  radius  of  six  times 
the  cable  diameter.  The  specification  presented  in  the  re- 
port increases  the  radius  of  bending  t.->  7^  times  the  cable 
diameter. 

DISTRIBUTING    HiM:,o 

In  the  committee  report  on  the  above,  voltage  is  not  con- 
sidered as  a  limiting  factor.  Voltages  which  a  short  time 
ago  were  not  considered  commercial  possibilities  are  tcday 
being  used  not  only  on  long  transmission  lines  but  very 
generally  for  distributing  purposes.  Star  and  delta  connec- 
tions, aUernating  and  direct  current,  the  use  of  batteries 
and  of  the  turbine  for  both  reserve  and  regulating  purposes, 
are  all  given  attention  in  connection  with  the  problem  as  a 
whole. 

A  satisfactory  way  of  carrying  two  circuits  on  the  same 
line  of  poles  is  given.  The  use  of  iron  wire  is  suggested 
where  load  Is  small  and  voltage  regulation  not  of  great  Im- 
portance, as  in  reclammation  and  irrigation  work. 

The  rather  severe  requirements  of  the  California  Commis- 
sion with  regard  to  crossing  construction  are  discussed.  The 
relation  of  gross  revenue  to  cost  of  investments  in  new  line 
extensions  is  studied  in  Its  connection  with  long-time  con- 
tracts with  customers.  Sometimes  the  extension  might  be 
made  on  the  basis  of  gross  revenue  for  five  or  an  even 
greater  number  of  years  equaling  the  investment.  The  per- 
centage  of  power   bills   rebated   averages   from   20    to   25. 

TK.\NSMTSSION-LINE  CONSTRUCTION 
The  paper  on  this  subject  presented  by  R.  C.  Coombs  re- 
lates primarily  to  transmission  lines  carrying  voltages  above 
the  2300-voIt  class.  In  general  the  construction  or  strUctuial 
features  are  considered  rather  than  the  electrical  or  oper- 
ating conditions.  The  author  considers  the  physical  char- 
acteristics of  a  pole  or  tower  line  as  deserving  of  careful  at- 
tention and  believes  that  a  too  hasty  Inclusion  of  mechanical 
limitations  in  a  specification  may  result  either  in  dispro- 
portionate expense  to  the  industry  or  in  transmission  lines 
of    inadequate    strength. 

OPER.VTION  OF  WATER-POWER  SYSTEMS 
In  the  Committee  report  on  this  subject  It  \yas  stated  that 
the  rapid  increase  In  hydro-electric  development  In  recent 
years  and  the  growing  importance  of  this  power  service  Is 
setting  new  operating  standards.  It  Is  now  fully  realized 
that  the  success  of  such  developments  can  be  obtained  only 
by  giving  a  most  reliable  and  uninterrupted  service  and  the 
safeguarding  of  the  different  parts  comprising  the  system, 
therefore,    becomes   of   the   greatest    Importance. 

The  efficiency  and  reliability  of  operating  forces  is  wHli- 
out  question  one  of  the  greatest  assurances  for  a  sails- 
factory  operation,  and  It  is  also  Intimately  connected  with 
the  means  which   are  provided    for  comrnunlcatlon. 

The  general  layout  of  the  system  Is  naturally  also  an  im- 
portant factor.  This  ref<r»  to  the  capacities  of  the  different 
generating  stations,  to  the  water  conditions,  to  the  char- 
acteristics of  the  load,  etc.  Practically  no  hydro-electric  de- 
velopment with  the  capacity  of  Installed  apparatus  above  the 
rating  at  minimum  stream  flow  Is  nowadays  attempted   with- 
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out  a  steam  station  on  the  system.  Such  a  steam  station  may 
be  used  as  an  auxiliary  station  at  periods  of  low  water,  as  a 
reserve  in  case  of  interruptions,  or  as  a  regulating  station  to 
take  care  of  the  variations  in  the  load  with  the  hydro-elec- 
tric plant   running  at  constant  output. 

Consideration  must  also  be  given  to  the  causes  of  dis- 
turbances and  means  for  minimizing  their  effects.  These  are 
abnormal  or  so  called  emergency  conditions,  and  in  treating 
of  them,  the  failure  of  every  piece  of  apparatus  and  part  of 
the  system  must  be  considered  as  a  possibility  and  a  definite 
plan  worked  out  for  limiting  the  magnitude  and  area  of 
such  disturbances. 

TRANSFORMERS    FOR    POWER    TRANSMISSION 

This  is  the  title  of  a  paper  by  Harold  H.  Rudd.  The  great 
tendency  at  the  present  time  toward  centralization  of  power 
is  making  many  interesting  problems  on  power  distribution. 
The  voltage  chosen  for  distribution  must  be  high  enough  for 
economical  transmission  and  not  so  high  that  the  cost  of  a 
complete  substation  installation  makes  it  impractical  to  in- 
stall  those   of  small   and  moderate   capacity. 

The  development  of  the  outdoor  transformer  with  the 
necessary  switching  and  protective  devices  has  made  it  pos- 
sible to  use  installations  of  small  capacity  at  a  high  voltage 
and  at  very  moderate  cost. 

The  paper  gives  a  curve  of  costs  for  installations  of  dif- 
ferent capacity  for  various  voltages.  It  shows  that  where 
the  transmission  lines  feed  a  number  of  small  communities, 
the  economical  voltage  is  22.000  or  33,000.  The  saving  by  the 
use  of  an  extremely  small  size  transformer  is  so  slight  in 
comparison  with  the  total  cost  of  installation  as  to  be  neglig- 
ible. 

There  is  a  wide  variance  in  characteristics  demanded  by 
the  different  power  stations,  more  particularly  as  regards 
voltage  variation  and  taps.  Great  extensions  are  being  made 
in  the  use  of  all  transformers,  hence,  there  is  a  need  of 
standardization  as  regards  taps.  Such  standardization  will 
result  in  much  good  to  the  industry  at  large,  to  the  manu- 
facturt.    and  the   customer. 

RAILVAY  LOADS  FOR  CENTRAL  ST.4TIONS 
The  las,  technical  paper  presented  at  the  convention  was 
by  E.  P.  Dillon  on  "Electric  Railway  Loads  on  Central 
Stations."  Attention  was  called  to  the  desirability  of  rail- 
ways, both  city  and  interurban,  as  power  customers  for 
central  stations.  In  some  of  the  larger  cities  the  problem 
has  been  very  thoroughly  worked  out  and  excellent  results 
obtained  by  combining  the  requirements  of  the  two  classes 
of  service  on  one   generating  system. 

ELECTION  OF  OFFICERS 

By  constitutional  amendment  provision  was  made  for 
two  additional  vice-presidents.  The  election  of  officers  re- 
sulted as  follows;  President.  J.  B.  McCall,  Philadelphia, 
Penn. ;  first  vice-president,  John  A.  Britton,  San  Francisco, 
Calif.;  second  vice-president,  H.  H.  Scott,  New  York  City; 
third  vice-president,  E.  W.  Lloyd,  Chicago,  111.;  fourth  vice- 
president,  E.  C.  Deal,  Augusta,  Ga.;  treasurer,  \V.  F.  Wells, 
Brooklyn.  The  secretary  is  appointed  by  the  executive  com- 
mittee. 


A  liquid  rheostat  for  large  alternating-current  motors 
has  recently  been  developed  by  the  Westinghouse  Electric  & 
Manufacturing  Co.,  to  supply  the  demand  brought  by  the  use 
of  large  slip-ring  motors  driving  mine  hoists,  winding  gears, 
rolling  mills,  etc.  Such  a  rheostat  provides  an  infinite  num- 
ber of  speed  steps  between  limits  and  permits  smooth  ac- 
celeration. This  particular  design  comprises  two  compart- 
ments, an  upper  tank  for  immersing  the  electrodes  and  a 
lower  storage  reservoir.  The  small  motor-driven  pump  main- 
tains a  steady  stream  of  liquid,  usually  an  alkaline  solution, 
from  the  lower  reservoir  into  the  upper  tank,  the  latter  dis- 
charging its  contents  back  into  the  former  over  a  weir, 
which  takes  the  form  of  a  tube  that  can  be  raised  or  lowered 
through  the  floor  of  the  electrode  tank.  By  raising  or  lower- 
ing the  weir  the  height  of  liquid  in  the  electrode  tank  is 
varied  and  resistance  between  electrodes  changed  as  desired. 
The  operating  lever  of  the  rheostat  controls  both  the  weir 
and  a  master  switch,  which  opens  and  closes  the  primary  cir- 
cuit of  the  motor.  A  valve  in  the  intake  pipe  of  the  electrode 
tanks  regulates  the  rate  at  which  the  liquid  can  be  pumped 
in.  so  that  no  matter  how  quickly  the  operating  arm  is 
thrown  over  the  liquid  can  rise  in  the  tank  only  at  a  definite 
rate,  thus  fixing  the  rate  of  acceleration.  Cooling  coils  for 
circulation  of  water  are  introduced  in  the  lower  reservoir 
to  prevent  overheating  and  rapid  evaporation.  The  capaci- 
ties so  far  designed  are  from  400  to  1500  hp.  of  controlled 
motor. 


New  York  State  N.  A.  S.  E. 
Convention 

The  ISth  annual  convention  of  the  New  York  State  Asso- 
ciation of  the  National  Association  of  Stationary  Engineers 
was   held   at    Yonkers   on   June    12,    13    and    14,    in    the   Armory. 

On  Thursday,  June  12,  the  exhibition  hall  was  opened  to  the 
public    with    appropriate    speeches    and    was    well    attended. 

The  regular  business  meeting  was  held  on  Friday  morning, 
Chairman  Louis  Bernard  presiding.  The  Hon.  James  T.  Len- 
non,  mayor  of  Yonkers,  welcomed  the  delegates,  National 
Vice-President  James  R.  Coe  responding.  Other  addresses 
were  made  by  the  Hon.  Nathan  A.  Warren,  president  of  the 
Chamber  of  Commerce;  State  President  George  O.  Kaley, 
Past  National  President  William  J.  Reynolds,  Past  National 
President  Edward  Kfearney  and  ex-State  Senator  Louis  Mun- 
zinger. 

On  Saturday.  June  14,  the  usual  business  session  was  held. 
In  the  afternoon,  with  the  Otis  Elevator  Co.  as  host,  a  frolic 
at  Kinross  was  given  the  members  and  their  guests.  There 
were  many  amusements  furnished  and  refreshments  were 
served.  The  Otis  company  was  declared  to  be  a  most  hos- 
pitable host,  and  all  returned  greatly  pleased  with  the  outing_ 

A  vaudeville  entertainment  was  given  in  the  exhibit  hall 
on  Friday  evening,  and  was  well  patronized.  Among  the 
entertainers  were  Joe  McKenna,  of  Jenkins  Bros.;  Jack 
Armour,  of  "Power";  Mr.  Martell,  of  the  Peerless  Rubber  Co.; 
Maybelle  Burke,  Frank  Corbett  and  the  Dixie  Pour.  Frank 
Martin   was  stage    manager. 

The  following  officers  were  elected  for  the  ensuing  year: 
Past  president,  George  O.  Kaley;  president,  Edgar  E.  Pruyn; 
vice-president.  Fred  Felderman;  secretary,  William  Roberts; 
treasurer,  William  Downs;  conductor,  Elmer  Hartley;  door- 
keeper,  Joseph   Burback. 

The  convention  for   1914  will  be  held  in  Buffalo. 

The  committee  of  arrangements  were:  Louis  Bernard, 
chairman;  Frank  Connolly,  AVilliam  Tompkins,  James  T.  Rob- 
erts, Thomas  Sharp,  David  Murray,  Albert  Serrell,  Joseph  C. 
Ryan.  Wm.  Roberts,  John  Buckley,  David  Thompson.  Charles 
Wittemore,    John    Lewis,    Frank    Reiger,    Harry    Wallace 

THE    EXHIBITORS 


Albanj'    Lubricating    Co. 

V.    D.    Anderson    Co. 

American    Engine    Co. 

Armstrong  Cork   Co. 

Ashton   Valve   Co. 

A.    B.    Barr 

W.    M.    Bastable    Co. 

J.    H.    Banks    &    Co. 

Bayer  Steam   Soot-Blower   Co. 

F.    S.    Bowser    Co. 

Buhne    Metal    Packing    Co. 

Boig  &  Hill 

Broderick  &  Bascom  Rope  Co. 

C.  T.   Coe  Co. 
Chamber  of  Commerce 
Chapman   Valve   Co. 
Crandall   Packing  Co. 
Coppus    Engineering    Co. 
M.    T.    Davidson   Pump   Co. 
Dearborn    Chemical    Co. 
Danubil    Co. 

Diamond   Power   Specialty  Co. 

Eddy    Valve   Co. 

Erie    City    Iron    Works 

Economy   Fuse  &  Mfg.  Co. 

Fairbanks    Co. 

Felber    Engineering    Co. 

D.  W.    Freeman 
Garlock   Packing  Co. 
Greene.    Tweed    &    Co. 
Grlscom-Russell    Co. 
Greenpoint    Fire    Brick    Co. 
Grieve  Grate  Co. 

Hewes  &  Phillips  Iron  Works 

Homestead    Valve    Co. 

Hazard    Mfg.    Co. 

Home    Rubber   Co. 

Harrison   Safety    Boiler   Co. 

Jenkins   Bros. 

H.   W.    Johns-Manville    Co. 

Keystone    Lubricating   Co. 

Kieley   &   Mueller 

Ladew    Estate 

Ladies'    Auxiliary 


Lagonda    Mfg.    Co. 

Lunkenheimer    Co. 

William    Martin 

McLeod-Henrv  Co. 

H.  Mueller  Mfg.  Co. 

McCord    Mfg.    Co. 

W.   B.  McVicker  Co. 

Harry    Marks 

I.  R.  Nelson 

"National   Engineer" 

N.   Y.   Belting   &  Packing  Co. 
(Ltd.) 

Otis    Elevator    Co. 

J.  O'Meara,  Inc. 

"Power" 

Peerless  Rubber  Co. 

Perolin    Co. 

F.    B.    Potterton 

"Practical    Engineer" 

Pitts    &   Kitts   Mfg.    &   Supply 
Co. 

Philadelphia    Grease    Co. 

Quaker  City  Rubber  Co. 

J.  L.  Quimby  &  Co. 

Clement    Restein    Co. 

Roebling  Wire  Rope  Co. 

J.    C.    Ryan 

Russell,    Birdsall    &    Ward 

Skinner   &   Connolly 

C.   E.   Squires  Co. 

L.   Sonneborn   Sons 

"Southern    Engineer" 

Shipley    Construction    &    Sup- 
ply Co. 

Standardizing   Co. 

Texas  Co. 

Thread  Tight  Co. 

H.   L.   Twine 

U.   S.   Graphite   Co. 

United   Metal    Hose    Co. 

F.   W.    Webb 

West   Disinfecting  Co. 

Washburn    &   Granger 

The  ^Vaite  Co. 


Ontario's  New  Boiler  Regulations 

Effective  July  1,  will  be  the  regulations  recently  passed 
by  the  Province  of  Ontario,  Canada,  relating  to  the  con- 
struction and  inspection  of  boilers.  To  D.  M.  Medcalf,  public 
Inspector  of  boilers  for  the  province,  manufacturers  of  boil- 
ers to  be  used  in  the  province  must  henceforth  submit  plans 
and  specifications  to  show  that  both  the  material  and  manner 
of  constructing  accord  with  the  prescribed  standards.  All 
new  boilers  must  so  conform  and  second-hand  boilers  to 
which  extensive  repairs  have  been  made  will  also  be  in- 
spected. 
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Smoke  Inspection  in  Milwaukee 

The  annual  report  of  Charles  Poethke,  smoke  inspector  for 
the   city   of   Milwaukee,    Wis.,    has   recently    been    made    public. 

The  following  details  part  of  the  work  done  by  that  de- 
partment for  1912:  Smoke  charts  taken,  S2;  photographs  taken, 
400;  written  warnings,  96;  letters  written,  236;  letters  re- 
ceived, 245;  complaints  received,  59;  cases  dismissed  on  tech- 
nical error,  0;  cases  dismissed  (not  guilty),  0;  sentences  sus- 
pended on  payment  of  cost.  14;  cases  in  court  fined  $25  and 
costs,  41;  cases  in  court  fined  $50  and  costs.  5;  cases  in  court, 
second  offense  in  1912.  6;  total  number  in  court,  60;  total 
fines  imposed,  $1275.  The  maximum  minutes  of  dense  smoke 
recorded  where  legal  action  was  brought  was  35  min.  in  one 
hour;    the    minimum    IIM:    min. 

There  were  1452  observations  of  chimneys  and  stacks  made 
and  recorded  as  follows:  January.  15;  February,  30;  March, 
75;  April,  S3;  May,  100;  June.  152;  July,  129;  August,  191; 
September,  134;  October,  149;  November,  201;  December,  193. 
Forty  permits  were  issued  for  remodeling  and  new  installa- 
tions of  furnaces. 

Of  the  offenders  there  were  22  manufacturers,  six  coal  com- 
panies (yards),  three  woodworking  plants,  one  brewery,  three 
electric-light  companies,  one  store,  one  department  house,  one 
laundry,  two  tanneries,  three  office  buildings,  four  boat  lines, 
one  tug-boat  company,  one  dredge  and  pile-driving  company, 
one  grain   elevator,    four   flour  mills,   two   asphalt  plants. 

The  Chicago,  Milwaukee  &  St.  Paul  R.R.  employs  two 
smoke  inspectors,  and  the  Chicago,  Northwestern  Ry.  one, 
each  paid  by  its  company.  Their  duty  is  to  instruct  firemen 
how  to  fire  with  least  possible  smoke.  If  found  negligent  in 
keeping  down  dense  smoke,  whether  they  violate  the  city 
ordinance  or  not,  the  firemen  are  either  reprimanded  or  sus- 
pended for  from  five  to  thirty  days  without  pay  or  discharged. 
The  railroad  inspectors  report  on  their  work  to  the  city  smoke 
department  twice  a  week,  and  also  to  receive  complaints  or 
any    other    information. 

"To  increase  the  efficiency  of  the  department,"  states  the 
Inspector,  "a  motor  boat  should  patrol  the  three  rivers,  as 
this  is  the  only  effective  method  of  obtaining  evidence  on  ac- 
count of  the  moving  boats.  At  present  these  violations  can 
only  be  obtained  when  boats  are  docked,  and  while  being  tied 
up    they,    as    a    rule,    avoid    excessive   smoke. 

"A  small  automobile  is  also  necessary  to  cover  the  city 
and  especially  to  have  control  of  the  one-mile  zone  which 
covers  an  additional  area  of  17  square  miles.  Smoke,  soot  and 
cinders  are  deposited  during  the  night  and  can  be  found  on 
the  walks  in  the  morning.  This  is  a  nuisance;  the  only  way 
cf  relief  is  by  an  automobile.  The  same  should  be  equipped 
with  a  searchlight  which  can  be  directed  upon  chimneys  and 
stacks  under  suspicion  of  committing  these  nuisances  after 
dark.  A  few  such  cases  brought  before  justice  would  un- 
doubtedly   find    a   discontinuance    in    a  short    time." 

The  department  consists  of  the  smoke  inspector,  two  dep- 
uties and    one  clerk-photographer. 


engineering,  three  of  bachelor  of  arts,  and  seven  of  bachelor 
of  science.  The  last  includes  the  first  graduates  in  Lehigh's 
new  course  in  business  administration.  Nine  degrees  of 
master  of  science  were  conferred  and   three  of  master  of  arts. 


PERSONALvS 


George  H.  Burke,  for  several  years  manager  of  the  New 
York  office  of  the  Sarco  Engineering  Co..  will  open  an  office 
in  Chicago,  July  1.  to  take  care  of  the  firm's  business  In  the 
Middle   West. 

M.  Plunkett.  master  mechanic  of  the  Choctaw  Railway  & 
I^ighting  Co..  McAlester,  Okla.,  has  had  his  jurisdiction  ex- 
ended  over  the  maintenance  of  equipment  and  the  power 
station,  succeeding  N.  E.  Daniels,  chief  engineer  of  the  power 
station. 


SOCIETY     NOTES 


The  date  for  the  Michigan  State  N.  A.  S.  E.  convention  at 
Grand  Rapids  has  been  changed  from  June  18.  19  and  20  to 
Aug.   6,    7   and   8. 

On  June  10,  114  young  men  received  the  degrees  of  Lehigh 
University  In  technology  and  In  arts  and  sciences  at  com- 
mencement exercises  held  in  Packer  Memorial  Church.  Presi- 
dent Henry  Sturgls  Drinker  conferred  36  degrees  in  civil  en- 
gineering. 17  In  mechanical  engineering.  17  In  mining  engi- 
neering, nine  In  electrical  engineering,  eight  In  electro- 
metallurgy   and    metallurgy,    Ave    In   chemistry    and    chemical 


ENGINEERING  THERMODYNAMICS.  By  C.  E.  Lucke,  pro- 
fessor of  mechanical  engineering  at  (Columbia  University. 
Published  by  McGraw-Hill  Book  Co..  New  York.  Size. 
6x9    in.;    1176    pages,    illustrated,    cloth.      Price,    $S. 

This  book  is  probably  the  most  extensive  work  ever  pub- 
lished on  the  subject  of  engineering  thermodynamics.  It  is 
difficult,  however,  to  determine  which  class  of  readers  it  is 
intended  to  serve.  As  a  textbook  for  undergraduate  college 
courses  in  thermodynamics,  it  is  hardly  suitable  on  account 
of  its  bulk,  but  it  should  prove  useful  as  a  supplementary  text 
for  graduate  students  in  mechanical  engineering.  It  contains 
143  very  complete  tables  and  numerous  diagrams,  charts  and 
equations.  An  alphabetical  index  to  the  tables  and  charts 
would    be    an    improvement. 

The  subject  matter  of  the  book  is  treated  in  three  parts. 
The  first  deals  with  work  without  consideration  of  heat 
changes;  the  second  takes  up  the  heat  and  the  third  part  is 
devoted  to  the  relation  between  heat  and  work.  The  ele- 
mentary principles  of  physics  as  applied  to  work  and  power 
are  explained,  more  space  being  given  to  the  solution  of  sim- 
ple problems  than  would  prove  of  value  to  one  taking  up  the 
study  of  thermodynamics.  The  part  dealing  with  the  dynamics 
of  nozzles   and   jets   is  very   practical. 

The  determination  of  the  work  done  in  compressor  cylin- 
ders is  then  considered,  and  formulas  are  derived  for  the 
single-stage,  two-stage  and  three-stage  compressors,  for 
cycles  with  isothermal  compression,  and  for  exponential 
compression,  with  and  without  clearance.  The  author  might 
have  saved  space  and  avoided  repetition  of  the  formulas  by 
working  out  only  the  most  important  cycles,  and  leaving  the 
other  cases  as  problems  to  be  solved  by  the  student.  Charts 
for  the  graphical  solution  of  compressor  problems  are  in- 
cluded. 

The  work  available  in  engine  cylinders  is  taken  up  at  great 
length,  and  the  action  of  fluids  in  single-  and  muii-expansiOii 
engines  is  clearly  illustrated  by  numerous  problems.  The  en- 
gine cycles  analyzed  in  this  part  include  those  with  logarith- 
mic and  exponential  expansions  with  and  without  clearance 
for  simple  engines,  compound  engines  with  finite  receiver, 
compound  engines  with  infinite  receiver,  compound  engines 
without  receiver,  and  triple-expansion  engines.  The  part  de- 
voted to  the  general  case  of  multiple-expansion  and  to  con- 
sumption  of  steam   engines   is  well   presented. 

Under  the  heading  "He.it  and  Matter."  will  be  found  a 
great  deal  of  valuable  data  and  uptodate  information.  The  pai"t 
dealing  with  the  properties  of  ammonia  is  especially  good. 
Other  items  treated  very  fully  are  specific  heats  of  gases  and 
vapors,  properties  of  vapors  and  combustion.  Too  much  space 
seems  to  be  giveil  to  the  fundamentals  of  thermometry.  Also 
the  properties  of  gases  and  vapors  might  have  been  treated  in- 
dependently  of  each   other   to  avoid   confusion. 

In  connection  with  the  thermal  processes  a  ver.v  exhaustive 
study  is  made  of  the  properties  of  solid,  liquid  and  gaseous 
fuels,  and  of  their  comparative  heat  values.  The  gasification 
of  fuels  Is  treated  clearly  and  at  great  length,  this  including 
gasification  of  solid  fuels  by  air-blast  alone,  by  steam  blast 
alone,  and  by  a  combination  of  steam  and  air  blast  reactions, 
producing  air  gas.  water  gas  and  producer  gas  respectively. 
The  burning  of  fuels  with  draft  under  boilers,  evaporation 
and  heat  balance  in  steam  generators  are  taken  up  in  detail. 
This  part  of  the  book  Includes  the  lesults  of  the  most  recent 
experiments   on    the    gasification    of   fuels. 

The  last  part  deals  with  the  relations  between  heat  and 
work.  Much  space  Is  given  to  the  methods  of  plotting  en- 
tiopy  diagrams,  and  to  the  comparison  of  steam  and  gas 
cycles,  plotted  between  entropy-temperature  and  pressure-vol- 
ume coordinates.  The  thermal  efficiency  and  performance  of 
various  heat  engines  are  compared.  The  part  dealing  with  the 
flow  of  vapors  and  gases  Is  good.  The  subject  of  mechanical 
refrigeration  includes  excellent  charts  and  diagrams,  but  Is 
treated    rather   too   briefly. 

The  book  contains  an  Immense  amount  of  valuable  upto- 
date Information  presented  In  a  very  original  manner.  The 
arrangement  of  the  subject  matter  might  have  been  Improveil. 
however,  If  the  parts  dealing  with  the  work  In  compressors 
and  engine  cylinders  were  placed  after  the  chapters  dealing 
with  heat,  or  still  better  if  abbreviated  and  treated  In  con- 
ne<tlon  with  that  part  which  takes  up  the  relation  between 
heat  and  work. 
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NEW     EQUIPMENT 


ATliAXTIC    COAST    STATES 

Plans  are  being  prepared  by  Sterrett  &  Brunner,  156  State 
St..  Boston.  Mass..  for  the  construction  of  a  power  plant  to 
generate  2000-hp.  to  be  erected  on  the  new  flsh  pier  at  South 
Boston.     William  J.  O'Brien  is  interested. 

The  town  council  of  Blairsville.  Penn.,  is  considering" 
plans  for  the  construction  of  an  electric-light  plant. 

Plans  are  being  considered  by  the  Philadelphia  Rapid 
Transit  Co.  for  the  construction  of  a  power  plant  at  13th 
and  Mifflin  Sts..  Philadelphia,  Penn.  Estimated  cost.  $30,000. 
W.  L.  Maize  is  purchasing  agent. 

SOL'THERX    STATES 

The  city  of  Hi^h  Point,  N.  C,  contemplates  the  installation 
of  additional  equipment  for  its  electric-light  system.  H.  C. 
Bulla   is   manager. 

The  Southern  Power  Co.  is  considering  plans  for  the  con- 
struction of  a  substation  at  Rock  Hill,  S.  C.  W.  R.  Connell, 
Charlotte,   N.    C   is  purchasing  agent. 

The  improvement  of  the  municipal  electric-light  plant  and 
water  system  at  Bastrop,  La.,  is  under  consideration.  J.  K. 
Skip'worth  is  mayor. 

CENTRAL    ST.\TES 

The  managers  of  the  electric-light  board  of  Anna.  Ohio, 
are  considering  plans  for  the  installation  of  additional  equip- 
meuL  in  the  municipal  electric-light  plant.  T.  S.  Price  is 
clerk   of   the   board. 

If  granted  a  new  franchise  the  Cleveland.  Southwestern 
&  Columbus  Ry.  Co.  will  expend  $20,000  for  the  improvement 
of  its  power  plant  at  Norwalk,  Ohio.  C.  G.  Taylor  is  super- 
intendent. 

The  proposition  to  issue  $20,000  in  bonds  for  the  improve- 
ment and  installation  of  new  equipment  in  the  municipal 
electric-light    plant    at    Bluffton,    Ind.,    is    under    consideration. 

The  Grand  Rapids-Muskegon  Power  Co.  contemplates  the 
construction  of  a  substation  at  Wealthy  St.  and  Indiana  Ave., 
Grand  Rapids.  Mich.  Estimated  cost,  $1S.000.  A.  F.  Walker 
is  superintendent. 

The  American  Car  &  Foundry  Co.  will  build  a  one-story 
power  plant  in  connection  with  its  establishment  at  South 
AVood  and  Paulina  Sts.,  Chicago.  111.     Estimated  cost,   $5400. 

The  village  board.  Manito.  111.,  is  considering  plans  for  the 
construction   of  an  eiectric-light   plant. 


Orenstein-Arthur  Koppel  Co.  has  given  the  agency  for  its 
Canadian  business  to  the  Canadian  Fairbanks-Morse  Co.,  Ltd. 

John  U.  Higinbotham  is  now  assistant  treasurer  of  the 
Detroit   Lubricator   Co..   Detroit.   Mich. 


TRADE     CATALOGS 


.i,S 


J.  Faessler  Mfg.  Co..  Moberly.  Mo.  Catalog  No.  32.  Boiler- 
makers' tools.     Illustrated,   40  pages,   6x9  in. 

Falls  Machine  Co.,  Shebofgan  Falls»  Wis.  Pamphlet. 
Automatic    engine    stop.      Illustrated,    24    pages,    5x8    in. 

American  Engine  Co..  Bound  Brook.  N.  J.  Pamphlet.  "A 
New    Paper   Mill    Engine."      Illustrated,    16   pages,    6x9    in. 

The  T\'eber  Chimney  Co..  McCormick  Building.  Chicago, 
111.  Catalog.  Reinforced-concrete  chimneys.  Illustrated,  48 
pages,  5x9  in. 

The  Climax  Smoke  Preventer  Co..  Equitable  Building. 
Boston.  Mass. — Catalog.  Smoke  preventer.  Illustrated,  20 
pages.   6x9  in. 

The  Heine  Chimney  Co.,  72  West  Adams  St..  Chicago.  111. 
Catalog.  Interlocking  radial  brick  chimneys.  Illustrated, 
32  pages,   4x9  in. 

Harrison  Safety  Boiler  Works.  Philadelphia,  Penn.  Book- 
let. Evolution  of  the  Cochrane  Multiport  Valve.  Illustrated, 
52    pages.    3x6    in. 

John  F.  Swan.  10th  St.  and  Duncannon  Ave..  Philadelphia. 
Penn.  Pamphlet.  Hawley  down  draft  smokeless  furnace. 
Illustrated.    5x8   in. 

Clayton  Air  Compressor  W^orks.  115  Broadway.  New  York. 
Bulletin  No.  C-210-S.  printed  in  Spanish.  Air  Compressors. 
Illustrated.   32   pages.   6x9   in. 

The  Blake  &  Knowles  Steam  Pump  ^'orks.  115  Broadwav. 
New  York.  Catalog  B-K  876.  Single  direct-acting  pumps. 
Illustrated,    S4   pages.    6x9    inches. 

Chicago  Pneumatic  Tool  Co..  Fisher  Building.  Chicago. 
111.  Bulletin  No.  128.  Miscellaneous  equipment  for  pneu- 
matic drills.  Illustrated.  12  pages,  6x9  in.  Bulletin  No.  132. 
Pneumatic  motors  and  pneumatic  geared  hoists.  Illustrated. 
20  pages.  6x9  in.  Bulletin  No.  133.  Cylinder  air  hoists  and 
lacks.      Illustrated.    12    pag<'.<!.    6x9    in. 

The  Bristol  Co..  Waterbury.  Conn.  Bulletin  No.  132.  Re- 
cording differential  pressure  gauges  and  recording  flow-rate 
meters.  Illustrated.  16  pages.  SxlO'A  in.  Bulletin  No.  170. 
Patent  electric  furnaces  for  soldering  coopers  .  Illustrated, 
2  pages.  SxlOVa  in.  Catalog  No.  1300.  Class  III  recording 
thermometers.      Illustrated.   48   pages.   8x101.4    in. 
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POSITIONS     OPEN 

SALESMAN — Thoroughly  competent  steam  specialty  sales- 
man; one  that  can  sell  high-grade  goods.  Address  "M.M.  Co.," 
Power. 

AGENTS  to  sell  on  commission  mechanical  draft  blowers; 
prefer  men  who  handle  on  similar  basis  sales  of  grate  bars, 
tube  cleaners  or  other  boiler  accessories;  hustlers  wanted; 
state  experience  and  territory  worked.     P.  855,   Power. 

POSITIONS    WANTED 

ERECTING  FLOOR  FOREMAN  by  an  erecting  engineer, 
at  present  employed  on  large  size  units.     P.  W.  916,  Power. 

ELECTRICIAN,  23;  steady  position  power  plant  or  con- 
tracting concern;  eight  years'  practical  experience  wireman 
and  maintainer;  will  go  out  of  town.     P.  W.  920,  Power. 

CHIEF  ENGINEER,  age  32.  holding  responsible  position, 
desires  change;  first-class  Ohio  license;  married;  strictly 
sober;   South   or   Central   States   preferred.      P.   W.    919,   Power. 

A  TECHNICAL  M.\N  wants  position  as  superintendent  of 
an  electric-lighting  and  refrigerating  plant;  age  34;  good 
reasons  for  changing.      P.   W.   915.  Power. 

A  MECHANICAL  ENGINEERING  GRADUATE  wants  posi- 
tion as  superintendent  of  power,  or  master  mechanic  with  a 
manufacturing  firm;  11  years'  varied  experience;  now  em- 
ployed.     P.   W.    914.    Power. 

^BY  AN  ELECTRICAL.  MECHANICAL  AND  EFFICIENCY 
ENGINEER,  who  has  had  20  years'  experience  in  teaching, 
designing,  constructing,  operating  and  managing;  graduate 
Cornell,  and  member  American  Society  of  Mechanical  Engi- 
neers.     P.   W.    912,    Power. 

MANUFACTURERS  REPRESENTATIVE,  favorably  known 
and  of  wide  experience  in  modern  engineering,  wishes  to 
handle  power-plant  equipment,  engines,  boilers,  stokers,  etc.. 
in  Pittsburgh  district.  Daniel  Ashworth.  M.  E.,  1225  Fulton 
Bldg.,    Pittsburgh,   Penn. 


FOR    SALE 


20x42  HUGHES  &  PHILLIPS  tangve  frame  Corliss  engine: 
cost  $4000;  like  new;  $1200.  Duzets  &  Son,  Hudson  Terminal. 
New  York. 

20x42  LANE  &  BODLEY  HEAVY  DUTY  CORLISS  ENGINE: 
condition  like  new;  $900.  Eastern  Machinery  Exchange,  171 
Broadway,   New   York. 

ONE  150-HP.  FISHKILL  CORLISS  ENGINE  and  flywheel; 
one  150-hp.  return-tube  boiler;  one  7%x8  V4xl2-in.  Deane 
steam  fire  pump:  all  in  very  good  condition.  Apply  Barnet 
Leather  Co.,  Little   Falls,  N.  Y. 

GAS  ENGINE.  225  hp.  American  Crossley  horizontal  double 
cylinder,  opposed  22x30  in.,  with  Akerlund  producer;  located 
Columbia,  S.  C. ;  selling  account  cheap  hvdro-electric  power; 
bargain.      F.    S.    90  4.    Power. 

THE  FOLLO'tt'ING  DIRECT  CONNECTED  UNITS:  20KW. 
125  Volts:  40KW.  125  Volts;  100  KW,  250  Volts;  150KW.  250 
Volts;  2n0KAV,  250  Volts.  Corliss  Engines:  12x36,  14x36. 
16x42.  22&3SX4S.  26&54x60.  30&60x60  Hamilton.  Send  for 
complete  list  of  Engines.  Boilers.  Generators,  Motors.  Harold 
R.  Wilson  Machinery  Co.,  St.  Louis. 

GAS  ENGINE — One  Foos  vertical  15x20-in.  three-cvlinder 
producer-gas  engine.  150  brake  hp..  speed  225  r.n.m..  porinecte'l 
to  S-5ii-E.  100  kw..  250-volt.  compound-wound,  direct-cur- 
rent Western  Electric  generator  with  field  rheostat;  approxi- 
mate weight.  49.000  lb.;  good  condition;  verv  moderate  use 
fo^  about  two  years.      F.  S.   917.  Power. 

WE  HAVE  FOR  SALE  a  practicallv  new  vertical  Macin- 
tosh &  Seymour  engine,  high-pressure  cylinder,  16  in.  in 
diameter;  low-pressure  cylinder.  32  in.  in  diameter:  stroke 
of  engine,  42  in.;  revolutions  per  minute.  125:  indicated  horse- 
power. 660  to  9S0:  also  heater,  separator  and  condenser: 
total  price,  ?7500.  f.o.b.  cars.  Nashua.  N.  H.  The  Jackson  Co., 
Nashua,  N.  H. 

MISCELLANEOUS 

PATENTS  SECURED — C.  L.  Parker,  Patents  904  G  St. 
Washington.    D.    C. 

ENGINEER.s — Do  you  want  to  utilize  your  exhaust  steam 
for  heating  or  drying  purposes  without  back  pressure  on  vour 
engine?  If  so.  address  Monash-Younker  Co.,  1417  W.  Jack- 
son Blvd..  Chicago.  111. 

WANTED — Additional  capit-il  for  Lnwrenoe  Mfg.  Co.,  latelv 
incorporated  to  mr-.nufacture  and  exploit  new  inventions  i  n1 - 
ented  in  the  U.  S..  Canada  ',nd  England:  for  particulars  ad- 
dress: Lawrence  Mf-r.  Co..  Key  West,  Fla.,  or' George  Hiram 
Mann.,    71   W.ill   St.,   New  Yoru. 
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